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ABSTRACT

Objective To characterise the phenotypes associated
with the p.A16YV mutation of PRSST.

Design Clinical and epidemiological data were collected
for any family in which a p.A16V mutation was identified,
either referred directly to the European Registry of
Hereditary Pancreatitis and Familial Pancreatic Cancer or
via a collaborator. DNA samples were tested for
mutations in PRSST, SPINK1, CFTR and CTRC.
Patients Participants were recruited on the basis of
either family history of pancreatitis (acute or chronic) or
the results of genetic testing. Families were categorised
as having hereditary pancreatitis (HP), idiopathic disease
or pancreatitis in a single generation. HP was defined as
=2 cases in =2 generations.

Main outcome measures Onset of painful episodes of
pancreatitis, death from pancreatic cancer, diagnosis of
diabetes mellitus and exocrine pancreatic failure.
Results Ten families with p.A16V mutations were
identified (22 affected individuals): six HP families, three
with idiopathic disease and one with only a single
generation affected. The median age of onset, ignoring
non-penetrants, was 10 years (95% Cl 5 to 25). There
were eight confirmed cases of exocrine failure, four of
whom also had diabetes mellitus. There were three
pancreatic cancer cases. Two of these were confirmed as
p.A16V carriers, only one of whom was affected by
pancreatitis. Those with p.A16V pancreatitis were
compared to affected individuals with p.R122H, p.N29I
and no PRSST mutation. No significant differences were
proven using logrank or Mann—Whitney U tests.
Conclusions Penetrance of p.A16Y is highly variable
and family dependent, suggesting it contributes to
multigenic inheritance of a predisposition to pancreatitis.

BACKGROUND

Hereditary pancreatitis (HP) is an autosomal
dominant disease with penetrance that has been
calculated to be as high as 93%." HP is characterised
by frequent attacks of epigastric pain, normally
associated with nausea and vomiting. Symptoms
may start shortly after birth, but onset varies
greatly, with some individuals not exhibiting
symptoms until adulthood.? There is usually
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progression to chronic pancreatitis with endocrine
and exocrine failure and an increased risk of
pancreatic cancer.' > The natural history of HP
follows a similar pattern to chronic pancreatitis
associated with alcohol, but there are important
differences: HP has an earlier age of onset of
pancreatitis, but malabsorption and diabetes
mellitus occur at a later stage in the disease.? 4 °

Causative mutations have been discovered in the
cationic trypsinogen gene, PRSS1 at bases 365 and
86 of the cDNA (c.365G—AS and c.86A—T).
These are now known as p.R122HS and p.N291,
respectively, according to the amino acid substitu-
tion and position in the protein sequence. These
mutations are rarely identified in general screens of
patients with idiopathic disease.® ” The phenotype
of p.R122H and p.N29I has been well charac-
terised,' 2 but there are many other rare mutations
or polymorphisms of PRSS7 that are less well
understood. '

p.-A16V is the third most common PRSS1 muta-
tion and is significantly associated with pancrea-
titis."! It was first identified in pancreatitics with no
family history'! and has subsequently been reported
by other groups in apparently idiopathic patients.®
It is relatively rare in families with multiple cases of
pancreatitis.” ® ! In contrast, rare instances of p.
R122H in individuals without a family history may
be explained by either a limited pedigree or by
spontaneous mutation.'? This is the first study that
attempts to characterise the clinical significance of
p-A16V and is the largest series published to date.

A number of registries have been established to
investigate both the phenotype and genotype of HP
and the potential for new therapies. The European
Registry of Hereditary Pancreatitis and Familial
Pancreatic Cancer (EUROPAC) was established in
1997 and has a network of collaborating clinicians
and scientists. Families are defined as having HP if
the inheritance is consistent with highly penetrant
autosomal dominance. This usually requires at least
two first degree relatives with pancreatitis in
multiple generations, although in some cases three
or more second degree relatives may be adequate
evidence.? The PRSS1 gene is tested in a consenting
affected individual from each family. Due to the fact
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that families are registered before full examination of the family
tree, some individuals have been included who are subsequently
shown to have no family history of pancreatitis. Other families
are included on the registry where there are two or more cases,
but where the pattern of inheritance is inconsistent with highly
penetrant autosomal dominance. These families have previously
been described as having familial idiopathic pancreatitis (FIP)."?
FIP families have a very high incidence of the p.N34S mutation in
the SPINK1 gene, this mutation corresponds to a change at
position 101 of the ¢cDNA (c.101A—G) and is in linkage
disequilibrium with a series of other changes, none of which
(including p.N34S) have a known functional consequence.'*
These FIP families do not have the p.R122H or p.N29I mutations
of PRSS1."®

In 1999 Witt et al'! published a paper detailing the results of
genetic testing of children with chronic pancreatitis. Of the 44
children tested, 30 had apparent sporadic disease with a further
14 having a family history. Of the 30 sporadic cases, p.A16V was
detected in three individuals. It was also detected in one indi-
vidual with a family history. One p.R122H mutation was also
detected in the family history group. Further individuals from
families with p.A16V were tested for the mutation, with just one
of seven carriers being affected. This suggested that p.A16V is
a low penetrance mutation, although the numbers involved were
too low for firm conclusions.

In this paper a range of phenotypes will be described for the p.
A16V mutation and we will discuss why p.A16V differs from
the true HP mutations.

METHODS

Recruitment

Most kindreds were directly recruited and characterised by
EUROPAC on the basis of presumed family history, but four
families with known p.A16V mutations were referred as a result
of this study being instigated. The first p.A16V family recruited
by EUROPAC was identified as having an abnormal cluster of
pancreatitis in 1998, but was only tested for p.A16V after the
discovery of the mutation by Witt et al in 1999."" Five other
families with a p.A16V mutation were recruited between 1999
and 2007. In addition, the registry became aware of one family
with multiple cases, and two individuals with no known family
history after clinicians contacted us for advice. No data from
these families were included in any analysis as we were unable to
confirm patient consent.

The registry obtained multi-centre research ethics committee
approval to register participants and test their DNA for varia-
tions associated with pancreatitis. Recruitment was via the
individual’s specialist, family doctor or direct contact with the
study co-ordinator. The first individual identified within a regis-
tered family was labelled as the proband. Affected probands or
the closest relative to unaffected probands were taken as the
index case. They were sent a patient information sheet and,
following a suitable interval, gave written informed consent.

Data collection

Data were collected by a series of questionnaires supported by
clinical consultations. DNA was collected and stored in
compliance with the Human Tissue Act 2004 (England and
Wales) under the care of the Mersey Regional Genetics Service.
The data were used to build a family tree using Progeny software
(v 7.01) and further members of the family were approached via
the proband as appropriate, with data and DNA obtained from
consenting individuals. The implications of testing were
discussed with the participant before it was performed. Typi-
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cally, all individuals had PRSS? analysis, which involved
sequencing of exons 2 and 3 to identify common mutations and if
none were detected, sequencing of all exons. In idiopathic cases
and p.A16V carriers, PRSS51 sequencing was supplemented by
testing for mutations in the SPINK1 (PSTI) and the cystic fibrosis
transmembrane receptor (CFTR) genes. Exon 3 of SPINK1 was
sequenced to identify any possible p.N34S mutations and CFTR
was tested in all cases for p.AF508, p.G542X, p.N1303K, p.
R117H, 62141 G-T, 1898+1GA, p.W1282X and p.G551D and in
some cases with an additional 24 markers according to the
recommendations of the American College of Medical Genetics
(ACMG) and the American College of Obstetricians and
Gynaecologists (ACOG)." In this study affected p.A16V carriers
were also tested for mutations in CTRC exons 2, 3 and 7.

Mersey Regional Genetics Service used fluorescent sequence
analysis to identify PRSS1 mutations. This involved the use of
nested PCR facilitated by uniseq tagged primers. Some of the
testing performed in the families included in this paper was
conducted at collaborating centres.

Categorisation of families

After families had been fully investigated, there was a multi-
disciplinary discussion by a group of clinicians and scientists.
Families were designated as HE, single generation, or idiopathic.
Idiopathic disease was defined as the presence of pancreatitis in
the absence of a known aetiology or family history.

Statistical analysis

Data from the EUROPAC registry were analysed using StatView
v 5.0. Endpoints including onset of pancreatitis and diagnosis of
endocrine and exocrine pancreatic failure were analysed using
the method of Kaplan—Meier and differences assessed using the
Mantel—Cox logrank test. For patients where an end point was
not reached, censor times were the age of last contact. Differ-
ences in median values for continuous data were tested using the
Kruskal—Wallis (for comparison of multiple groups) and
Mann—Whitney U (for comparison of two groups) tests.

RESULTS

Identification of p.A16V in EUROPAC families

A summary of families registered on the EUROPAC database in
January 2009 is shown in table 1. This shows the prevalence of
the p.A16V compared to the other mutation groups.

Nine of the ten p.A16V families originated from Western
Europe (the UK and Ireland, Scandinavia, Belgium, France and
Switzerland), with the final family being from the USA. A
sample family from each group is shown in figure 1.

The variable phenotype of p.A16V families
Of the 10 different families with positive test results for a p.A16V
mutation, six met the criteria for classification as having HP and
three as having idiopathic disease, while one had multiple cases
but only in a single generation. Of these families, three of the HP
kindreds, two from the idiopathic group and the FIP family have
been previously reported." 2

Family A is an example of a kindred described as having HP
(figure 1A); as with all such families the definition of HP was
based on the phenotype and preceded genetic testing. All families
in this group were defined as having HP regardless of whether
mutations were detected. In this case the family was identified
after the proband’s children (individuals 3 and 5) were affected by
pancreatitis. Both p.R122H and p.N29I were excluded and a p.
A16V mutation in one copy of PRSS7 was detected in the
proband (individual 1). She was also tested for the p.N34S
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Table 1  Summary of mutations present within EUROPAC pancreatitis
families who have undergone genetic testing, January 2009

Total pancreatic
cancer cases

(in affected
Mutation Families Affected individuals)
Total HP 149 652 45 (37)
p.R122H n 336 19 (16)
p.N29I 32 157 10 (10)
Neg All 37 134 13 (10)
Other mutation 3 10 1(1)
p.A16V (HP) 6 15 2 (0)
Total idiopathic 142 142 16 (0)
No PRSS1T mutation 139 139 16 (0)
p.A16V (single case) 3 3 0 (0)
Total single generation 40 89 7(2)
No PRSST mutation 39 85 6 (1)
p.A16V (single generation) 1 4 1(1)
Overall total 331 883 68 (39)

HP, hereditary pancreatitis. ‘Affected’ refers to individuals with pancreatitis (acute or
chronic). The total number of pancreatic cancer cases is given; values in brackets represent
cancer cases in affected individuals. Values are broken down for each mutation. ‘Neg All
means that the phenotype is consistent with HP but none of the known mutations have been
identified in affected individuals. ‘Other mutation includes families with rare but known
PRSS1 mutations, eg p.R122C and p.V39A. ‘Single generation’ means there are multiple
cases of pancreatitis within kindreds but no evidence of autosomal dominant inheritance.
‘p.A16V (single generation)’ refers to the one family with a p.A16V mutation that displays
this phenotype. The idiopathic pancreatitis group includes three families who have a proven
p.A16V mutation but only one case of pancreatitis.

mutation in SPINK1, 32 mutations in CFTR and mutations in
exons 2, 3 and 7 of CTRC; none of these genes were mutated.

Mutations in modifier genes (CTRC, SPINK1 and CFTR) were
not detected in any of the HP families, although a previously
reported polymorphism (c.180C — T, p.G60G)"® was seen in two
of six of these families (families C and E). This polymorphism has
been previously reported in 21% of control samples' and is
therefore clearly not over-represented in our cohort.

In this report ‘affected’ has been taken to mean that individuals
have reported symptoms of pancreatitis, so the possibility of sub-
clinical disease cannot be excluded in other family members. In
family A one of the proband’s siblings has diabetes (individual 8).
This could be a manifestation of pancreatic inflammation in the
absence of pain. This individual does not carry p.A16V. It is possible
that, at least in this kindred, p.A16V is modifying the symptoms of
an underlying inherited pancreatic disease, with the mutation
increasing the chance of pain. However, as diabetes mellitus is not
uncommon, the cases in such families may well be coincidental.

p-Al6V could explain the pancreatitis in all the p.A16V HP
kindreds, but even in these families, not all carriers had explicit
symptoms. Unavoidably, most unaffected individuals in the fami-
lies were not tested. Of 23 individuals who were confirmed to have
the p.A16V mutation, only 15 had reported symptoms of pancre-
atitis. All of the proband’s siblings in family A were tested for p.
A16V; three (individuals 9—11) carried the mutation but none
reported symptoms. The proband’s mother was tested and no
mutation was detected, indicating that the mutation was inherited
from the father (individual 7). There were no cases of pancreatitis in
any of his eight siblings, although three were affected by diabetes
mellitus. No testing was conducted within this generation. Two of
the siblings with diabetes were identical twins, consistent with
a genetic predisposition to diabetes in this part of the kindred. Note
however, that if the risk of diabetes is independent of the p.A16V
mutation and the inherited risk accounts for the diabetes seen in
individual 8, then the father of the proband (individual 7) must have
carried both the p.A16V mutation and the predisposition to diabetes
without developing symptoms.

Gut 2010;59:357—363. doi:10.1136/gut.2009.186817

The EUROPAC database has registered 142 families who have
been classified as having idiopathic disease and three of these
have a proven p.A16V mutation (2.1%). The families are named
G (figure 1B), H and I (family trees not shown). In all cases,
referral was atypical for EUROPAC, in that there was no family
history. Unlike any of the HP families, genetic testing was
performed before recruitment to the study. For example, family G
(figure 1B), was referred after an 11-year-old boy (individual 1)
was admitted to hospital with recurrent abdominal pain which
had first started at the age of 5. An appendicectomy was
performed, but histology showed no evidence of inflammation.
The patient subsequently developed a pancreato-pleural fistula
requiring a chest drain. Due to his personal history, his clinicians
requested testing for a PRSS1 mutation. Subsequent to disco-
very of a p.A16V mutation, his mother and brother (individuals 3
and 4) underwent testing and have been confirmed as unaffected
p-Al6V carriers. Neither of the proband’s maternal grandparents
(individuals 8 and 9) are affected and testing has not been
performed in either case. Similarly in families H and I, there was
childhood onset disease, consistent with the original identifica-
tion of p.A16V in sporadic cases identified in paediatric units."*
This may represent a referral bias rather than a feature of p.A16V
per se. No modifier gene mutations were detected in any of these
families, although the p.G60G polymorphism of CTRC was
observed in the affected individual of family I.

HP is defined as an autosomal dominant disease and
EUROPAC requires evidence for such transmission before clas-
sifying a family in this group. There are 40 pancreatitis families
on the registry in whom despite thorough investigation, the
disease appears to be limited to a single generation with no
evidence for spontaneous mutation. This phenotype is consis-
tent with a multigene or recessive syndrome. One of these 40
families, family | (figure 1C), carries an p.A16V mutation (2.5%).
This family was referred after pancreatitis was diagnosed in four
of eight siblings, one of whom had already died from a histolog-
ically proven adenocarcinoma of the pancreas at the age of 44.
The other affected siblings all tested positive for the p.A16V
mutation. Only one affected individual was tested in this family
for modifier gene mutations. This individual was homozygous
for the p.G60G polymorphism of CTRC but had no other varia-
tion. The remaining four siblings were unaffected and declined
genetic testing. The individual with pancreatic cancer was not
tested for p.A16V although she had been affected by pancreatitis
prior to developing malignancy. Both the parents and offspring
were asymptomatic and testing was not performed in either the
preceding or subsequent generation.

Phenotype of p.A16V families compared to carriers of other
PRSS1 mutations

A visual comparison of pedigrees indicates that there are differ-
ences between the phenotype of p.A16V and the phenotype
associated with other PRSS1 mutations. However, the low
incidence of p.A16V and the even smaller numbers of carriers
affected by diabetes mellitus, malabsorption or pancreatic cancer
means that there is insufficient power for a meaningful statistical
analysis. Nevertheless, the data summarised in table 2 confirm
that cancer and both endocrine and exocrine failure are features
that occur within p.A16V families. To further illustrate the level
of risk, survival curves were produced which are shown in figure 2.
For all end points, Neg All HP is significantly different from the
two groups with known HP mutations (p.R122H and p.N29I).
These differences have already been described and discussed
elsewhere.! 2 There are too few data to prove differences between
p-Al6V and the other groups, but the survival curves illustrate
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Figure 1 Sample pedigrees indicating the variable phenotype of p.A16V. Ages and unique personal identification numbers are shown below each

family member followed by a description of the type of p.A16V test. Arrows indicate index cases. A shaded left upper quadrant indicates that the
individual is affected by pancreatitis, shading of the left lower quadrant indicates diabetes mellitus, and a shaded right lower quadrant indicates exocrine
pancreatic failure. The presence of a dot in the right upper quadrant signifies the presence of a p.A16V mutation, while individuals assumed not to have
a p.A16V mutation are described as off kindred and are marked with a cross. The central black circle indicates the presence of a confirmed pancreatic
adenocarcinoma. (A) Displays autosomal dominant inheritance. (B) Includes an idiopathic case of pancreatitis. (C) Defined as having familial idiopathic
pancreatitis as cases of pancreatitis, diabetes and pancreatic cancer are restricted to a single generation.

Table 2 Summary of EUROPAC p.A16V families, January 2009

Median age
of onset (IQR) (years)

Number testing Median age of

positive (all patients onset (IQR) (years) Endocrine Exocrine Pancreatic
for p.A16V* testing positive (patients with pancreatic failure pancreatic failure cancer cases

Family Classification (with pancreatitis)  for p.A16V*) pancreatitis) (with pancreatitis) (with pancreatitis) (with pancreatitis)

A HP 7(3) 18 (7-53) 10 (5—21) 4 (0)t 1(1) 0

B HP 2(2) 2 (1) 2(2) 0

C HP 2(2) 0 0 0

D HP 4 (4) 0 0 0

E HP 5(2) 0 0 1(0)

F HP 3(2) 2(2) 2(2) 1(0)

G Idiopathic 3(1) Not reached 2 (1-5) 1(0)t 0 0

H Idiopathic 3(1) (5—not reached) 1(1) 1(1) 0

| Idiopathic 4(1) 0 0 0

J Single generation 4 (4) 27 (25—28) 27 (25—28) 0 2(2) 1(1)

Totals 37 (22) 26 (7—54) 10 (5—26) 10 (4) 8 (8) 3(1)

HP, hereditary pancreatitis; IQR, interquartile range.

*Including deduced carriers.

tincluding one case confirmed not to have the p.A16V mutation.

Each p.A16V family is described including the number of individuals with symptomatic pancreatitis. The median age of onset of pancreatitis is derived using the method of Kaplan—Meier. Median
age of onset is given for all patients with pancreatitis or for all patients with p.A16V mutations (censoring at age of last contact for unaffected individuals). IQR is the age of 25% incidence to the
age of 75% incidence. The numbers of individuals diagnosed with diabetes, malabsorption or pancreatic cancer are also given. Of the HP families without p.A16V, 58 p.R122H, 24 p.N29I, 21 Neg
All and 2 with other mutations have been previously reported. In addition, 115 idiopathic cases have been reported previously. Of the p.A16V families, three of the HP kindreds, two from the
idiopathic group and the family with multiple cases in a single generation have been previously reported.' 2 3
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Figure 2 Kaplan—Meier curves comparing p.A16V to other mutation groups. Inverted Kaplan—Meier curves are shown for three different endpoints:
(A) onset of pancreatitis symptoms; (B) diagnosis of diabetes mellitus; and (C) diagnosis with exocrine failure. Confidence intervals are shown in grey,
with those for the p.A16V group in a darker shade. The wide Cls in the p.A16V group are due to the low data volume, which is also indicated by the

number of at risk individuals shown below each graph.

possible trends. To simplify analysis and increase power, the two
mutation groups (p.R122H and p.N29I) were combined and will
be described as the ‘mutation group’ in contrast to the Neg All
HP group.

The age of diagnosis of diabetes appears similar in the p.A16V
and Neg All HP groups (logrank p value for p.A16V compared
to the combined mutation group was 0.076, with a p value for
p-A16V compared to the Neg All HP group of 0.83). In contrast,
when looking at age of diagnosis of exocrine pancreatic failure,
the p.A16V is more like the mutation group than the Neg All HP
group (logrank p value for p.A16V compared to the Neg All HP
group is 0.087 with a p value for p.A16V compared to the
combined mutation group of 0.88). There is the suggestion that
the age of onset of pancreatitis in p.A16V appears later than
with the mutation group and is more like the Neg All HP group
than either p.R122H or p.N29I (logrank p value for p.A16V
compared to the combined mutation group is 0.080, %% =3.06,
contrasting with a p value for p.A16V compared to the Neg All
HP group of 0.18).

Penetrance

An exact calculation of penetrance is difficult to perform as
individuals who are not affected are often reluctant to agree to
genetic testing. Taking family A (figure 1A) as an example, the
oldest age of onset was 16 and four out of the seven known

carriers were unaffected (at least until the age of 40). On this
basis, penetrance can be estimated at 43% in this family.
However, half of the proband’s paternal antecedents would be
expected to be carriers. As none were reported to be affected, the
actual penetrance of p.A16V in this kindred is probably far lower.

An alternative approach is to take a family member affected
by pancreatitis and see how many first degree relatives they have
who are also affected. Assuming an autosomal dominant pattern
of inheritance, each first degree relative of an affected individual
has a 50% chance of being a mutation carrier. The index case in
each family can be identified and the proportion of affected first
degree relatives calculated; doubling this figure gives an estimate
of penetrance. This was performed blind to any mutation
analysis using all families on the EUROPAC registry with the
results shown in table 3.

The analysis is subject to ascertainment bias. Families with
greater numbers of cases are more likely to be recruited.
Furthermore, in families with variable penetrance, an index case
is more likely to be in a section of the family with the greatest
number of affected individuals. On the other hand, this
approach also means that one affected carrier is always omitted
from the calculation (the index case). In figure 3, the penetrance
for individual families is represented in a box plot. Krus-
kal—Wallis testing of the medians showed a significant difference
across the five groups with a p value of 0.02, although p.A16V

Table 3 Estimate of penetrance in pancreatitis families

First degree relatives

Estimated penetrance

First degree relatives (if 50% of first degree

Mutation of the index case affected by pancreatitis relatives are carriers)
p.R122H 448 157 (35.0%) 70%

p.N29I 189 57 (30.2%) 60.4%

Neg All HP 210 66 (31.4%) 62.8%

Single generation 218 43 (19.7%) 39.4%

(excluding p.A16V)

p.A16V (all groups) 62 14 (21.9%) 43.8%

A summary of the total number of first degree relatives of the index case in each mutation or phenotype group and the number that are
affected by pancreatitis. Assuming that 50% of all first degree relatives are mutation carriers, the result can be doubled to give an

estimate of penetrance in each group.

Gut 2010;59:357—363. doi:10.1136/gut.2009.186817
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Figure 3 An estimate of penetrance in different mutation groups.
Penetrance for individual families is estimated by doubling the proportion
of affected first degree relatives of index cases. This assumes that 50% of
first degree relatives of the index case are mutation carriers. Results of
actual mutation analysis and knowledge of off kindred relationships were
ignored in this calculation. The box plot shows the inter-quartile range
(box) and the range (whiskers). The indented region indicates the 95% ClI
for the median (marked with a horizontal line). Kruskal—Wallis testing of
the medians showed a significant difference across the five groups with
a p value of 0.02. HP, hereditary pancreatitis.

was not significantly different from any of the other four groups
if tested with the Mann—Whitney U test (p=0.06 to 0.8, going
from right to left in figure 3).

DISCUSSION

p-A16V has mainly been described in idiopathic pancreatitis,
but this study shows that it can also have a phenotype consistent
with both HP and a compound recessive disease. EUROPAC has
traditionally recruited individuals with a family history indi-
cating a genetic predisposition to pancreatitis, prior to any
genetic testing. This approach did not prove adequate to char-
acterise p.A16V. To produce this publication, active recruitment
was required from Europe and elsewhere, to identify and recruit
any individual with a p.A16V mutation. This in itself indicates
the distinct nature of this particular PRSS1 mutation. As stated
previously, p.A16V was initially reported in children with idio-
pathic pancreatitis. The low rate of genetic testing in idiopathic
pancreatitis makes the exact incidence in this group difficult to
fully characterise. There is inherent age related bias as genetic
testing is more likely to be indicated in younger patients. Overall,
it is unlikely that clinical testing would be cost effective, even in
the young.

The low number of p.A16V families, combined with the
different referral pattern for this mutation, makes comparison of
disease severity between p.A16V and the other mutations diffi-
cult. In previous papers, hierarchical analysis has been used to
allow for family structure?; this is clearly not possible with the
small number of p.A16V families. Relatively simplistic statistical
approaches have therefore been adopted and this must be taken
into account when considering the results. Nevertheless, the
great variability in penetrance for this mutation is self evident.
This is suggestive of a multi-gene effect, whereas there is no
evidence against simple autosomal dominant aetiology with
either p.R122H or p.N29I. Such multigene dependence may
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explain the trends seen for both later onset of pancreatitis and
diabetes.

Mechanistically, p.R122H and p.N29I have both been linked
to either increased auto-activation of cationic trypsinogen or
reduced deactivation.'® ' Phenotypically, p.R122H and p.N29I
are very similar, although p.R122H results in a slightly earlier age
of onset as described here and as reported previously.? p.A16V
affects the very first amino acid of mature trypsinogen, lying at
the edge of the signal peptide, although not forming a part of it.
It has therefore previously been considered to influence
secretion.!!

It is tempting to assume that a secretion defect is inadequate
to cause pancreatitis without some other factor (genetic or
environmental), hence the difference in phenotype. However,
secretion failure is considered to explain the link between the p.
R116C mutation of PRSS1 and pancreatitis and this mutation
has thus far only been linked to autosomal dominant disease,*’
and furthermore the latest data indicate that the p.A16V mutant
is actually secreted normally.** Other work has established that
p-Al6V increases the rate of chymotrypsinogen C (CTRC) acti-
vation of trypsinogen by approximately fourfold. This results in
accelerated trypsinogen activation in vitro, possibly explaining
the link with pancreatitis.”' How this would explain the features
of p.A16V penetrance is unclear.

Some families do appear to have a phenotype consistent with
HE. This suggests relatively common polymorphisms in modifier
genes within the populations that contribute to these families,
although it is also possible that this is explained by a shared
environment. One family has highly aggressive disease restricted
to a single generation, suggesting a ‘jackpot’ combination of the
p-A16V mutation from one side of the family and polymorphisms
in modifier genes from the other. Relatively few families were
identified with single cases of pancreatitis, but it is likely that
a higher proportion of such families go unreported. Penetrance in
such families may require specific environmental exposures.

These data suggest that the clinical significance of identifying
a p.A16V mutation for the patient and their family is context
dependent. A mutation in a family with a history of pancreatitis
must be considered as an indication that other members of the
family are at risk and that further testing within the family will
identify individuals who will benefit from clinical vigilance. This
may be refined by characterisation of the inheritance pattern and
concentrating mutation screening on those most likely to be
affected, siblings if all cases to date have been in a single gener-
ation or children if there is apparent autosomal dominant
inheritance. In contrast, a mutation in an individual with
apparently sporadic disease will tell us very little about the risk to
other members of the family and at best this will be a partial
explanation of the patient’s condition.

There is obvious bias in our cohort of idiopathic patients, but
even so only two out of 141 apparently idiopathic patients
registered with EUROPAC had a p.A16V mutation, so testing of
idiopathic patients will have little chance of identifying
a mutation and will have only marginal benefit for the patient.
At its most extreme, clinical vigilance may extend beyond
pancreatitis and its immediate complications to concern about
pancreatic cancer risk. It remains very difficult to quantify this
risk. The best advice at present would be to consider individuals
on the basis of their family history regardless of the p.A16V
mutation status; if the family appears to have HP, the family
should be considered as having the cancer risk associated
with HP and if the pancreatitis appears to be sporadic, then the
cancer risk should be considered equivalent to any other idio-
pathic case.

Gut 2010;59:357—363. doi:10.1136/gut.2009.186817


http://gut.bmj.com/
http://group.bmj.com

Downloaded from http://gut.bmj.com/ on January 26, 2017 - Published by group.bmj.com

Pancreas

Author affiliations

'School of Cancer Studies, University of Liverpool, UCD Building, Daulby Street,
Liverpool, UK

2pple des Maladies de I'Appareil Digestif, Service de Gastroentérologie-Pancréatologie,
Hdpital Beaujon, Clichy, France

3Department of Gastroenterology, Erasme University Hospital, Brussels, Belgium
“Department of Surgery, Karolinska Institute, Stockholm, Sweden

5Department of Medicine A, Ernst-Moritz-Arndt Universitat, Greifswald, Germany
SMersey Regional Molecular Genetics Laboratory, Liverpool Women's Hospital,
Liverpool, UK

"Department of Medical Gastroenterology, Odense University Hospital, Odense,
Denmark

8Clinic of Gastroenterology and Hepatology, University Hospital Zurich, Zurich,
Switzerland

9Department of Surgery, Great Western Hospital, Swindon, UK

'%Department of Clinical Genetics, St Mary's Hospital, Manchester, UK
""Hepato-Pancreato-Biliary Surgery Unit, Freeman Hospital, Newcastle upon Tyne, UK
"2Division of Gastroenterology, Hepatology and Nutrition, University of Pittsburgh,
Pittsburgh, USA

Acknowledgements The authors wish to acknowledge all EUROPAC's co-workers,
referring scientists and clinicians, whether they have contributed in the field of
hereditary pancreatitis or familial pancreatic cancer.

Funding The European Union (Rue de Le Roi, Brussels); Cancer Research UK, London,
UK; The National Institute for Health Research, London, UK.

Competing interests None.

Ethics approval This study was conducted with the approval of the Scotland A
Research Ethics Committee, MREC/04/0/010.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1. Rebours V, Boutron-Ruault MC, Schnee M, et a/. Risk of pancreatic adenocarcinoma
in patients with hereditary pancreatitis: a national exhaustive series. Am J
Gastroenterol 2008;103:111—19.

2. Howes N, Lerch MM, Greenhalf W, et al. Clinical and genetic
characteristics of hereditary pancreatitis in Europe. Clin Gastroenterol Hepatol
2004;2:252—61.

3. Lowenfels AB, Maisonneuve P, DiMagno EP, et al. Hereditary pancreatitis and the
risk of pancreatic cancer. International Hereditary Pancreatitis Study Group. J Nat/
Cancer Inst 1997,89:442—6.

Gut 2010;59:357—363. doi:10.1136/gut.2009.186817

20.

21.

Paolini 0, Hastier P, Buckley M, et al. The natural history of hereditary chronic
pancreatitis: a study of 12 cases compared to chronic alcoholic pancreatitis. Pancreas
1998;17:266—71.

Konzen KM, Perrault J, Moir C, et al. Long-term follow-up of young patients with
chronic hereditary or idiopathic pancreatitis. Mayo Clin Proc 1993;68:449—53.
Whitcomb DC, Gorry MC, Preston RA, et al. Hereditary pancreatitis is caused by
a mutation in the cationic trypsinogen gene. Nat Genet 1996;14:141—5.

Gorry MC, Gabbaizedeh D, Furey W, et al. Mutations in the cationic trypsinogen gene
are associated with recurrent acute and chronic pancreatitis. Gastroenterology
1997;113:1063—8.

Chen JM, Piepoli Bis A, Le Bodic L, et al. Mutational screening of the cationic
trypsinogen gene in a large cohort of subjects with idiopathic chronic pancreatitis. Clin
Genet 2001;59:189—93.

Chandak GR, Idris MM, Reddy DN, et al. Absence of PRSS1 mutations and
association of SPINK1 trypsin inhibitor mutations in hereditary and non-hereditary
chronic pancreatitis. Gut 2004;53:723—8.

Teich N, Rosendahl J, Toth M, et al. Mutations of human cationic trypsinogen
(PRSS1) and chronic pancreatitis. Hum Mutat 2006;27:721—30.

Witt H, Luck W, Becker M. A signal peptide cleavage site mutation in the cationic
trypsinogen gene is strongly associated with chronic pancreatitis. Gastroenterology
1999;117:7-10.

Simon P, Weiss FU, Zimmer KP, et al. Spontaneous and sporadic trypsinogen
mutations in idiopathic pancreatitis. JAMA 2002;288:2122.

Threadgold J, Greenhalf W, Ellis I, et a/. The N34S mutation of SPINK1 (PSTI) is
associated with a familial pattern of idiopathic chronic pancreatitis but does not cause
the disease. Gut 2002;50:675—81.

Kereszturi E, Kiraly 0, Sahin-Toth M. Minigene analysis of intronic variants in
common SPINK1 haplotypes associated with chronic pancreatitis. Gut
2009;58:545—9.

Watson MS, Cutting GR, Desnick RJ, et al. Cystic fibrosis population carrier
screening: 2004 revision of American College of Medical Genetics mutation panel.
Genet Med 2004,6:387—91.

Masson E, Chen JM, Scotet V, et al. Association of rare chymotrypsinogen C (CTRC)
gene variations in patients with idiopathic chronic pancreatitis. Hum Genet
2008;123:83—91.

Truninger K, Kock J, Wirth HP, et al. Trypsinogen gene mutations in patients with
chronic or recurrent acute pancreatitis. Pancreas 2001;22:18—23.

Sahin-Toth M. Human cationic trypsinogen. Role of Asn-21 in zymogen activation
and implications in hereditary pancreatitis. J Bio/ Chem 2000;275:22750—5.
Sahin-Toth M, Toth M. Gain-of-function mutations associated with hereditary
pancreatitis enhance autoactivation of human cationic trypsinogen. Biochem Biophys
Res Commun 2000;278:286—9.

Kereszturi E, Szmola R, Kukor Z, et al. Hereditary pancreatitis caused by mutation-
induced misfolding of human cationic trypsinogen: a novel disease mechanism. Hum
Mutat 2009;30:575—82.

Nemoda Z, Sahin-Toth M. Chymotrypsin C (caldecrin) stimulates autoactivation of
human cationic trypsinogen. J Bio/ Chem 2006;281:11879—86.

363


http://gut.bmj.com/
http://group.bmj.com

Downloaded from http://gut.bmj.com/ on January 26, 2017 - Published by group.bmj.com

GUT

The variable phenotype of the p.A16V
mutation of cationic trypsinogen ( PRSS1) in
pancreatitis families

Christopher J Grocock, Vinciane Rebours, Myriam N Delhaye, Ake
Andrén-Sandberg, Frank Ulrich Weiss, Roger Mountford, Matthew J
Harcus, Edyta Niemczyck, Louis J Vitone, Susanna Dodd, Maiken
Thyregod Jgrgensen, Rudolf W Ammann, Ove Schaffalitzky de
Muckadell, Jane V Butler, Phillip Burgess, Bronwyn Kerr, Richard
Charnley, Robert Sutton, Michael G Raraty, Jacques Deviere, David C
Whitcomb, John P Neoptolemos, Philippe Lévy, Markus M Lerch and
William Greenhalf

Gut 2010 59: 357-363 originally published online December 1, 2009
doi: 10.1136/gut.2009.186817

Updated information and services can be found at:
http://gut.omj.com/content/59/3/357

References

Email alerting
service

These include:

This article cites 21 articles, 6 of which you can access for free at:
http://gut.omj.com/content/59/3/357#BIBL

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.co

m/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://gut.bmj.com/content/59/3/357
http://gut.bmj.com/content/59/3/357#BIBL
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://gut.bmj.com/
http://group.bmj.com



