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ORIGINAL ARTICLE
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Abstract

Background: Individual genetic architecture is considered central to susceptibility and progression of
disease in chronic pancreatitis. The study aimed to evaluate the presence of common pancreatic gene
mutations in a defined cohort of idiopathic and alcohol-induced chronic pancreatitis patients in Ireland.
Methods: The study comprised patients with idiopathic and alcohol-induced chronic pancreatitis and
historic controls. Variants in the cystic fibrosis transmembrane conductance regulator (CFTR) gene,
cationic trypsinogen (PRSS1) gene and serine protease inhibitor kazal type-1 (SPINK1) gene, were
assessed by Tagman®© genotyping assay.

Results: Of n = 126 patients and n = 167 controls, mutations were detected in 23 (20%) and in 10 (6%)
respectively (P < 0.001). The majority of mutations found were in the SPINK1 gene variant N34S (13%)
which increased disease risk almost six-fold (OR 5.9). Neither CFTR severe mutation (F508del)
(P = 0.649) nor mild variant (R117H) (P = 0.327) were over-represented amongst patients compared to
control subjects. PRSS1 variants were not detected in either patient or control subjects.

Conclusion: There was a significant prevalence of chronic pancreatitis-associated gene mutations in
this well-phenotyped cohort. In patients with alcohol-related or idiopathic chronic pancreatitis, the
possibility of genetic mutations in the SPINK 1 gene should be considered as a contributing aetiology

factor.
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Introduction

Chronic pancreatitis is a progressive inflaimmatory disease
associated with destruction of the pancreatic parenchyma, which
is replaced by fibrotic tissue eventually leading to impairment of
exocrine and endocrine functions.' > Previously, it was believed
that alcohol was the most important factor driving chronic
pancreatitis development. While the role of alcohol appears to be

This study was presented at the HNiC as a podium presentation (plenary
section) at the European & African Hepato-Biliary Assocation (E-AHPBA)

meeting, 2019, Amsterdam.
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a significant etiological factor in predisposed patients,” there are
high numbers of patients in whom the cause remains unclear,
despite sophisticated imaging and biochemical investigations.
The pathogenesis of chronic pancreatitis is now considered a
complex, multifactorial process. There is strong evidence that
individual genetic susceptibility contributes significantly to dis-
ease development,”®’ in tandem with exposure to environ-
mental factors such as smoking, excessive alcohol intake,
hypertriglyceridemia, among others. Together these result in
organ injury, dysfunction or modify the nature of severity of

disease process.’
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The diagnosis of chronic pancreatitis is difficult especially early
in the disease process, and is often only reached years after the
initial pancreatitis attack when end-stage features become
evident. Knowledge and understanding of individual genetic
susceptibility and etiological pathways could allow improved and
more timely diagnosis as well as highlighting more effective
therapeutic approaches.

The important contribution of common gene polymorphisms
to disease development has been documented in a variety of
cohorts.*”'? The principal susceptibility genes currently known
are cationic trypsinogen (PRSS1) gene, serine protease inhibitor
kazal type 1 (SPINK1) gene, and cystic fibrosis transmembrane
conductance regulator (CFTR) gene. These three genes are
mechanistically linked to the control of trypsin activity within
the pancreas.” SPINKI1 is a specific trypsin inhibitor, and CFTR is
a ductal anion channel responsible for generation of fluid
secretion which flushes prematurely activated trypsin in the
ducts out of the pancreas. PRSS1 gene mutations are thought to
prevent the inactivation of trypsin within the pancreas, which
leads to pancreatic autodigestion and subsequent pancreatitis.
The management of disease and prevention of recurrence would
benefit from specific knowledge of a given individual patient’s
etiology. Whilst several studies have examined the association of
major pancreatic gene mutations in chronic pancreatitis patients,
no cohorts have been examined in Ireland, and only a small
number assessed in the UK.'*""” Carriage of CFTR gene muta-
tions is known to be enriched within the general population of
Ireland, contributing to one of the highest observed rates of
cystic fibrosis worldwide.'® Studies have described increased
frequency of CFTR mutations (commonly F508del) amongst
chronic pancreatitis patients and thus the possibility that F508del
is a significant hazard for the development of chronic pancrea-
titis in Ireland is an open question.”'"'” More broadly, it is
possible that frequencies of disease associated variants may differ
between populations and understanding this may improve local
diagnosis and clinical decision making. The causative role of
pancreatitis-related gene mutations may be of particular rele-
vance amongst idiopathic patients, or amongst those with
documented alcohol-related chronic pancreatitis but with
apparently modest alcohol consumption. Currently, genetic
testing is not part of standard diagnostic work-up, besides the
examination of PRSS1 mutations in hereditary pancreatitis pa-
tients. By clarifying the nature of pancreatitis susceptibility genes
in chronic pancreatitis, protocols for assessments and manage-
ment of patients may be formulated to optimise the diagnosis of
patients, allowing targeted etiology-based patient care. The aim
of the current study was to evaluate the presence of common
pancreatic gene variants in an Irish cohort which have been re-
ported in previous studies of chronic pancreatitis cohorts
worldwide. Specifically; the presence of SPINK1 variant N34S,
CFTR variant F508del, and PRSSI1 variants R122H, N29I, A16V
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were examined in patients with the diagnosis of idiopathic or
alcohol-induced pancreatitis.

Methods

This study had a prospective controlled-cohort design. Patients
with diagnoses of idiopathic and alcohol-induced chronic
pancreatitis were identified from specialist pancreatitis clinics in
the Centre for Pancreatico-Biliary Diseases, Tallaght University
Hospital Dublin and St. Vincent’s University Hospital Dublin
(both are university-affiliated, tertiary pancreatic referral centers).
The study had full ethical approval from the Joint Tallaght Uni-
versity Hospital/St James’s Hospital Joint Research Ethics Com-
mittee (JREC), and St Vincent’s University Hospital Ethics and
Medical Research Committee. Diagnosis of chronic pancreatitis
was based on at least two of the following criteria: patient history
(abdominal pain typical of pancreatitis), functional deficits
(exocrine/endocrine impairment) and/or findings of radiologic/
endoscopic studies (computed tomography/endoscopic ultraso-
nography). Aetiology was determined from clinical history or
investigations performed at the time of admission. Idiopathic
aetiology was diagnosed in the absence of other known clinical
causes. The aetiology of alcohol-induced chronic pancreatitis was
assessed based on a self-reported chronic alcohol intake which
typically exceeded the recommended intakes according to Irish
government guidelines (17 and 11 standard drinks for men and
women per week, respectively), and in the absence of other clinical
causes. All abdominal imaging and endoscopic examinations were
reviewed to evaluate pancreatic morphology. The medical records
of all patients were reviewed for demographic and clinical data.

Patient recruitment

Irish Caucasian patients with a diagnosis of idiopathic or
alcohol-induced chronic pancreatitis were identified as eligible
for study inclusion through discussion with the medical team,
nurse specialists, and through attendance at specialist pancreatic
clinics. Patients were excluded if they had a diagnosis of cystic
fibrosis, if they were pregnant, less than 18 years of age, or if they
were unable to provide informed written consent. The recruit-
ment period ran between November 2017 and March 2018. All
patients were offered genetic counselling prior to inclusion in the
study. Patients were made aware that the presence of a mutation
may not predict the course of the disease, nor would it affect
clinical management. All patients underwent genetic testing for
the specified mutations of SPINK1, PRSS1, and CFTR. Patients’
medical records were evaluated, and the following indices were
recorded: personal or family history of pancreatitis, smoking
status (self-reported current-, past- or never-smoker), history of
alcohol consumption (self-reported current-, past- or never-
drinker; from medical notes and patient interview), history of
acute pancreatitis, age of onset of chronic pancreatitis, diagnosis,

© 2020 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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medical and surgical history, and prescribed medication. Patients
were recorded as having pancreatic exocrine insufficiency (PEI) if
there was a faecal elastase-1 level <200 pg/g stool,”’ and/or if the
patients were clinically deemed by the pancreatic team to have
PEI based on symptomology. Patients were recorded as having
diabetes if they had a prior recorded diagnosis of diabetes
(defined as fasting plasma venous glucose >7.0 mmol/L (126 mg/
dl), or a HbAlc of >48 mmol/mol (6.5%).>!

Control recruitment

Control subjects were obtained from an anonymous, national
control DNA database which is held in the Trinity Translational
Medicine Institute (TTMI), St James’s Hospital, Dublin. This
control database included 2047 healthy persons, without known
disease, who were representative of the general population. The
historical database was populated by persons attending the Irish
Blood Transfusion Service for blood donation, during which
DNA was extracted following informed consent. Controls for this
study were selected using a randomised block sampling method.
In total, 167 consecutive controls were randomly selected from
the database and included in the current analysis. Whilst the age
and gender of controls were known, no other clinical or socio-
economic characteristics were available.

A post hoc phase two to this study was conducted to more
accurately assess allele frequency of SPINK N34S in the general
population. Therefore, an additional n = 341 controls, obtained
from TTMI’s control database, were analysed bringing the con-
trol group to a total of n = 508.

DNA extraction

DNA was extracted manually from whole blood samples at the
TTMI Biobank, using an automated Gentra extraction facility.
DNA was re-suspended in TE buffer pH8.0, and stored at —20 °C
or —80 °C.

Genotyping method

Genotyping of patients and controls was performed using
TagMan (ThermoFisher Scientific) assay for CFTR mutations
R117H (rs78655421), F508del (rs113993960); SPINK1 mutation
N34S (rs17107315); and PRSS1 mutations A16V (rs202003805),
N29I (rs111033566) and R122H (rs111033565). 20ul reactions
were prepared using 10 ng of genomic DNA, TagMan Geno-
typing Master Mix (ThermoFisher Scientific, United Kingdom)
and purified DNase free water. Each plate contained one tem-
plate negative control. Thermocycling was performed on a 7500
Real Time PCR System (Applied Biosystems) in a two-step PCR
protocol, following recommended settings by ThermoFisher
Scientific. Results were analysed using Applied Biosystem’s 7500
Software (V2.0.6). Results were checked for clear cluster sepa-
ration and genotype calling was performed manually. Any results
which failed to cluster were re-analysed on a separate plate
together with one previously genotyped sample and one template
negative control.
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Statistical analysis

Statistical analysis was conducted using SPSS Version 22 (SPSS,
Chicago, IL, USA, 2015). Data were compared by means of
Fisher’s exact test, and Chi square test for categorical data.
Continuous variables were analysed using Student’s T test or
Mann-Whitney U for independent samples. A P-value of <0.05
was considered statistically significant.

Results

Patient and control characteristics

The CONSORT diagram of the recruitment process is shown in
Fig. 1. A total of 126 patients were evaluated for the presence of
PRSS1, SPINK1 and CFTR mutations and the clinical charac-
teristics are detailed on Table 1. Mutations were more common
in patients (23/126, 20%) than in controls (10/167, 6%)
(P < 0.001) (Table 2).

Breakdown of mutational analysis is shown in Table 2. Of the
16 patients with chronic pancreatitis, nine with alcohol-induced
disease and seven with idiopathic disease were heterozygotes for
the SPINK1 N34S mutation. One patient was heterozygous for
both SPINK1 N34S and CFTR F508del.

Table 3 details the characteristics of patients with one or more
positive mutation (n = 25) compared to patients negative for
mutations.

Discussion

This study aimed to determine if pathogenic genetic variants of
the SPINK1, CFTR or PRSS1 gene were present in idiopathic and
alcohol-associated chronic pancreatitis patients in Ireland.
Twenty percent of the chronic pancreatitis patient cohort had
disease-associated mutations in one or more of these genes. The
combined burden of mutations in these genes increases chronic
pancreatitis risk more than three-fold. Importantly, the N34S
allele which is an established disease modifier conferred an
almost six-fold increased risk of chronic pancreatitis when
compared to healthy controls. Previous studies have shown that
mutated N34S occurs in ~1% of the general population and
increases pancreatitis risk almost 20-fold.”””’ Notably, patients
with idiopathic and alcohol-associated chronic pancreatitis were
recruited and this therefore shows that patients with either of
these aetiologies may have a genetic component to their disease.
In a US study comparing patients of European ancestry to those
of African ancestry, pathogenic gene variants (including SPINK1,
PRSS1, CFTR and CTRC) were significantly more common
among European ancestry patients.”* Together, these data bolster
information on the pattern of genetic susceptibility worldwide.
Variable rates of PRSS1 gene mutations have been reported in
etiology
(0-21%).'%2°=28 Similar to the current findings, several studies

chronic  pancreatitis patients of idiopathic

internationally have reported that PRSS1 mutations were rare or
absent in patients with chronic pancreatitis,”® although others

© 2020 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Chronic Pancreatitis

Patients

141 chronic pancreatitis
patients (idiopathic and
alcohol-associated
aetiology) screened for
inclusion

11 Excluded
-4 previously had genetic testing
-2 had family history of hereditary pancreatitis

-3 not Irish CaUCOSIaN -« uu—
-2 pregnant

\ 4

130 eligible patients

4 declined to participate <

v

126 patients consented
and recruited

Figure 1 CONSORT diagram detailing study recruitment

reported PRSS1 mutations at frequencies of 1.5-33% amongst
alcohol-related pancreatitis patients.”””*

SPINKI1 mutations are found in 1-3% of the general popu-
lation,”* and idiopathic chronic pancreatitis is strongly associated
with the common SPINKI1 high-risk genotype N34S.”> There
may be a small effect of N34S in alcohol-related chronic
pancreatitis patients, suggesting that alcohol’s primary effects are
driven through a non-trypsin related pathway.”” N34S was
associated with a 9-fold increased risk of disease in European
chronic pancreatitis patients,”® with the frequency of N34S more
than twice as high in idiopathic compared to alcohol-related
patients.

This study examined the prevalence of the most commonly
seen CFTR (severe and mild) mutations. Results demonstrated
that neither heterozygous F508del of R117H were higher
amongst patients with chronic pancreatitis relative to controls,
similar to previous findings.””*’ Therefore, while carriage rates
of mild and severe CFTR mutations are relatively high amongst
the Irish general population, this did not significantly contribute
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Control Subjects

2,047 healthy persons
with no known disease
from anonymous DNA
database (Blood
Transfusion Service)

Randomised block
sampling method:
G r—

167 consecutive
,L controls

167 controls analysed in
initial analysis

Post-hoc analysis
Randomised block
sampling method:

341 further
consecutive
controls

P

\ 4

508 controls analysed in
post-hoc analysis

as a risk factor for chronic pancreatitis in the absence of cystic
fibrosis.'® While F508del of R117H are relatively common CFTR
mutations more than 1600 mutations and 200 polymorphisms
have been reported, most of which are rare and of unknown
significance in consideration of the potential effects on pancre-
atic duct cells and phenotypes.” This study examined only two
common CFTR mutations and rare mutations were not inves-
tigated. However, due to the number and lack of functional
attribution of these variants, it would be difficult to ascribe
causality to these variants in the absence of a large study cohort.
Compound heterozygosity in CFTR does not appear to further
increase CP disease risk over that observed in regular hetero-
zygotic forms.””*!

When to test for genetic mutations in chronic pancreatitis, and

13 .
1.*>*  Current recommendations

in whom, is controversia
regarding genetic testing do not identify all possible gene mu-
tations or mutation combinations, and therefore, may have
limited predictive value. Furthermore, there is little evidence to

suggest a genetic basis for disease prognosis and most patients
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Table 1 Characteristics of patients and controls who were tested for
pancreatic gene mutations

Patients Controls P-value
(n = 126) (n = 167)
Demographics
Age in years, mean (SD) 55 (12.2) 40.9 (14.1) < 0.001
Male, (%) 68 46 < 0.001

Etiology and Presentation

Alcohol-related etiology 69 (54.8) N/A -
Idiopathic etiology 57 (45.2) N/A -
PEI present 92 (73) Unknown -
DM present 51 (40.5) Unknown -
Smoking

Current 62 (49.2) Unknown -
Past 30 (23.8) Unknown -
Never 34 (27) Unknown -
Alcohol Use

Current 60 (47.6) Unknown -
Past 55 (43.7) Unknown -
Never 11 (8.7) Unknown

Values are given as number (percentage) unless otherwise indicated.
Student’s t-test used for statistical analysis of continuous data and >
test for categorical data. Significant results are highlighted in bold.

SD standard deviation, PEl pancreatic exocrine insufficiency, DM
diabetes mellitus.

Table 2 Distribution of SPINK1, CFTR, and PRSS1% mutations in
chronic pancreatitis patients and controls

Patients Controls P-value OR OR 95% CI
(n = 126) (n = 167)

Gene Variant

Any mutation 23 (20) 10 (6) 0.001 3.05 1.4-6.6
SPINK1

N34S 16(13) 4 0.001° 59 1.9-18.1
N34S (post-hoc)® 16 (13)  12(2°  <0.001 6.0 2.7-12.9
CFTR

F508del 5 (4) 5 (3) 0.65° 1.3 0.4-47
R117H 32 1 (1) 0.33° 4.0 0.4-40

Values are given as number (percentage) unless otherwise indicated.
Statistical analysis performed by y° test, significant results are
highlighted in bold. One patient was heterozygous for N34S and
F508del.

OR odds ratio, Cl confidence interval, SPINK1 serine protease inhibitor
kazal type-1, CFTR cystic fibrosis transmembrane conductance
regulator, PRSS1 cationic trypsinogen.

2 PRSS1 analysis: Neither patients nor controls were positive for disease
mutations at any of the R122H, A16V and N29I sites.

b Post-hoc analyses of an additional 341 control subjects for SPINK1
N34S identified a further 8 carriers of the variant.

¢ Including originally tested control subjects, n = 508 for this group.

9 Fisher's exact test.
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Table 3 A comparison of clinical and demographic characteristics
between patients with one or more identified mutations in SPINK1 or
CFTR and patients with no mutations detected

One or more No mutations P-value

mutation detected
(n = 25) (n = 101)
Demographics
Age at assessment in 53 (10.9) 56 (12.5) 0.29
years, mean (SD)
Age at diagnosis in years, 43 (11.1) 47.5 (12.8) 0.075
mean (SD)
Male (n) 20 65 0.135
Etiology and Presentation
Alcohol-related etiology 15 54 0.55
Idiopathic etiology 10 a7 0.55
Family history of chronic 1 2 0.49°
pancreatitis
PEI present 15 77 0.13
DM present 10 41 0.96
Smoking and alcohol
Current smoker 13 51 0.9
Current alcohol drinker 24 90 0.29

Values are given as number, unless otherwise indicated.

Statistical analysis of categorical data was performed by xz test.
Continuous data were interrogated by Student’s t-test or Mann
Whitney U test.

SD standard deviation, PEl pancreatic exocrine insufficiency, DM
diabetes mellitus.

2 Fisher’s exact test used.

with established mutations never develop chronic pancreatitis.”
Recent European guidelines have recommended that those with a
family history of pancreatitis,””**** an unknown aetiology,"’ and
recurrent disease’ should be tested for genetic mutations, but
that routine genetic testing cannot be recommended for those
with alcohol-associated chronic pancreatitis.”’ However, these
data suggest that even those with alcohol-associated chronic
pancreatitis may have underlying genetic aetiologies.

The study had several limitations. Rather than conducting a
comprehensive genetic analysis requiring targeted sequencing of
the genes, selected genes were evaluated based on the most
common variants previously linked to chronic pancreatitis, a
similar approach to that of a recent US study.”* Therefore, the
true morbidity associated with these genes is likely to be
underestimated and the diagnostic yield reported of almost 20%
of patients with chronic pancreatitis is likely to be represent the
lower boundary of affected patients in this cohort. The controls
for this study were selected from a National control DNA bio-
bank of healthy blood donors with a National geographic dis-
tribution, but otherwise unselected. The random selection from
this control group had more females and were younger than the
patient group however this is not anticipated to affect allele
frequency estimation. Despite these limitations, this study

© 2020 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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included well-phenotyped idiopathic and alcohol-associated
patients and the risk factors for the development of chronic
pancreatitis were well defined. The variants employed in the
mutational screening panel were selected according to published
reports, and genetic variants of unknown clinical significance
were excluded.

Chronic pancreatitis is a disease of complex aetiology,
comprising environmental and genetic factors which likely coa-
lesce to confer increased disease risk. An accurate classification of
the disease is required to define which patients carry genetic
susceptibility in association with morphological conditions and
exogenous factors and are at risk of developing acute, recurrent
and chronic pancreatitis. While significantly more pathogenic
variants were found in patients than in controls, there is insuf-
ficient evidence to support blanket genetic screening at this
point. Those with severe acute pancreatitis or recurrent acute
pancreatitis may benefit from genetic testing, particularly in the
absence of a convincing history of excess alcohol consumption.
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