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Abstract
BACKGROUND
Acute recurrent pancreatitis (ARP) is characterized by episodes of acute
pancreatitis in an otherwise normal gland. When no cause of ARP is identifiable,
the diagnosis of "idiopathic" ARP is given. Mutations in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene increase the risk of ARP by 3-
to 4-times compared to the general population, while cystic fibrosis (CF) patients
present with a 40- to 80-times higher risk of developing pancreatitis.

CASE SUMMARY
In non-classical CF or CFTR-related disorders, CFTR functional tests can help to

WJCC https://www.wjgnet.com November 26, 2019 Volume 7 Issue 223757

https://www.wjgnet.com
https://dx.doi.org/10.12998/wjcc.v7.i22.3757
http://orcid.org/0000-0002-2379-1082
http://orcid.org/0000-0002-3426-9935
http://orcid.org/0000-0002-5107-0960
http://orcid.org/0000-0002-5671-733X
http://orcid.org/0000-0002-2355-8272
http://orcid.org/0000-0003-3488-5081
http://orcid.org/0000-0001-7399-2723
http://orcid.org/0000-0003-3896-9733
http://orcid.org/0000-0001-7417-2655
http://orcid.org/0000-0002-3709-013X
http://orcid.org/0000-0001-7963-0977
http://orcid.org/0000-0001-7596-7433
http://orcid.org/0000-0002-2758-7062
http://orcid.org/0000-0003-2739-4014
http://orcid.org/0000-0002-5276-1595
mailto:paola.melotti@aovr.veneto.it


the authors approved the
manuscript.

Supported by Italian CF Research
Foundation with the contributions
of Delegazione FFC di Palermo e di
Vittoria Ragusa Catania 2, No. FFC
grants No. 4/2013; Delegazione
FFC di Treviso Montebelluna La
Bottega delle Donne, No. 3/2014;
Delegazione FFC di Belluno, No.
7/2016; Delegazione FFC di
Taranto Massafra, Cosenza sud,
della Valpolicella, Guadagnin SRL,
No. 6/2018; Delegazione FFC di
Tradate Gallarate, No. 13/2018;
and CFFT-USA and Lega Italiana
Fibrosi Cistica-Associazione
Veneta ONLUS.

Informed consent statement:
Consent was obtained from
relatives of the patient for
publication of this report and any
accompanying images. In addition,
written informed consent was
obtained from the volunteers (used
as controls) as approved by the
local Ethical Committee of
Comitato Etico per la
Sperimentazione Clinica delle
Province di Verona e Rovigo
(Project Nos. 305CESC, 1606, and
06-Clinica delle EVOC).

Conflict-of-interest statement: The
authors declare that they have no
conflicts of interest.

Data sharing statement: The
datasets used and/or analyzed
during the current study are
available from the Corresponding
Author on reasonable request.

CARE Checklist (2016) statement:
The authors have read the CARE
Checklist (2016), and the
manuscript was prepared and
revised according to the CARE
Checklist (2016).

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: May 18, 2019
Peer-review started: May 23, 2019
First decision: August 1, 2019

ensure a proper diagnosis. We applied an individualized combination of
standardized and new CFTR functional bioassays for a patient referred to the
Verona CF Center for evaluation after several episodes of acute pancreatitis. The
CFTR genotype was G542X+/- with IVS8Tn:T7/9 polymorphism. The sweat (Cl-)
values were borderline. Intestinal current measurements were performed
according to the European Cystic Fibrosis Society Standardized Operating
Procedure. Recent nasal surgery for deviated septum did not allow for nasal
potential difference measurements. Lung function and sputum cultures were
normal; azoospermia was excluded. Pancreas divisum was excluded by imaging
but hypoplasia of the left hepatic lobe was detected. Innovative tests applied in
this case include sweat rate measurement by image analysis, CFTR function in
monocytes evaluated using a membrane potential-sensitive fluorescent probe,
and the intestinal organoids forskolin-induced swelling assay.

CONCLUSION
Combination of innovative CFTR functional assays might support a controversial
diagnosis when CFTR-related disorders and/or non-classical CF are suspected.

Key words: Recurrent acute pancreatitis; Cystic fibrosis; Cystic fibrosis transmembrane
conductance regulator function; Intestinal current; Organoids; Sweat test; Controversial
diagnosis; Case report
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Core tip: When the diagnosis of "idiopathic" recurrent acute pancreatitis is given, non-
classical cystic fibrosis or disorders related to mutations in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene are sometimes suspected when the
phenotype is consistent with cystic fibrosis. Combination of innovative CFTR functional
assays might support a controversial diagnosis, contributing to better definitions of these
clinical entities.
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INTRODUCTION
Cystic fibrosis (CF) is the most common lethal genetic disease in Caucasians, affecting
around  1  in  3000  live  births.  Its  underlying  etiology  is  disease-causing  genetic
mutations occurring on both alleles of the cystic fibrosis transmembrane conductance
regulator (CFTR)  gene[1].  Within the spectrum of disorders associated with CFTR
dysfunction is recurrent-acute (APR) and chronic pancreatitis that can harbor CFTR
mutations within classic CF or CFTR-related pancreatitis[2].

ARP and chronic pancreatitis due to CFTR dysfunction can be indistinguishable
from idiopathic (I) ARP in its initial clinical presentation[3].

The  most  recent  consensus  statement  from  the  United  States  Cystic  Fibrosis
Foundation[4] provides for a diagnosis of CF to be made in individuals who present
with a characteristic clinical phenotype or a history of CF in a sibling, in the presence
of an abnormal sweat chloride value ≥ 60 mmol/L and/or two CF-causing mutations.
Identification of CFTR  mutations on both alleles is  not sufficient to establish the
diagnosis  of  CF especially when one or  both are not  designated disease-causing
mutations[5].  While  the  management  of  pancreatitis  associated with  CF or  CFTR
mutations per se is currently not different from that of other forms of pancreatitis, the
main concerns in these patients  are a  progression from pancreatic  sufficiency to
pancreatic insufficiency and increased risk of developing CF disease and/or disease
in other CF-affected organs (e.g., bronchiectasis)[2,6], as such these patients should be
referred to specialized gastroenterologists or centers with expertise in CF for proper
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management.
A  careful  evaluation  of  CFTR  function  is  therefore  important  for  proper

management of these patients. Herein, we describe a patient who was evaluated by
different assays targeting different tissues/cell types known to express CFTR, some of
which  are  standardized  for  clinical  application,  such  as  the  intestinal  current
measurement (ICM)[7] and nasal potential difference (NPD) measurement[8], or are
considered as emerging approaches. The latter include the primary forskolin-induced
swelling  (FIS)  assay  on  intestinal  organoids[9],  assessment  of  CFTR  function  in
leukocytes[10], as well as the beta-adrenergic/cholinergic imaged sweat test[11].

CFTR functional assays
Intestinal current measurement:  For the case described herein, ion transport was
studied by ICM in rectal biopsies according to the ICM European CF Society Standard
Operating Procedure. The transepithelial short-circuit current (Isc) across the tissue
was registered in recirculating Ussing chambers, as described previously[7]. Briefly,
superficial rectal biopsies were taken by forceps, mounted in Ussing chambers, and
incubated  with  buffer  solution  at  37  °C.  Basal  potential  difference,  Isc,  and
transepithelial resistance were determined. The Isc, as a direct measure for the net
movement of ions across the epithelium, was recorded for 60-75 min after adding
amiloride,  indomethacin,  carbachol,  3-isobutyl-1-methylxanthine  (IBMX),  and
forskolin, 4,4-diisothiocyanostilbene-2,2-disulfonic acid, and histamine to the mucosal
and/or serosal side (referred to here as M and S, respectively). Responses to these
compounds were detected and analyzed using PowerLab software version 7, and the
outcome  was  calculated  using  the  cumulative  Isc  response  to  carbachol,
forskolin/IBMX and histamine[7].

Crypt isolation and organoids culture from human biopsies:  Human intestinal
biopsies were washed with cold complete chelation solution and incubated with 10
mmol/L EDTA for 30-60 min at 4 °C. Supernatant was harvested and EDTA was
washed away. Crypts were isolated by centrifugation and embedded in Matrigel
(growth factor reduced,  phenol-free;  BD Biosciences,  Franklin Lakes,  NJ,  United
States) and seeded (50-200 crypts per 50 μL Matrigel per well) in 24-well plates. The
Matrigel was polymerized for 10 min at 37 °C and immersed in complete culture
medium  supplemented  with  1%  penicillin/streptomycin,  10  mmol/L  HEPES,
Glutamax,  N2,  B27  (all  from Invitrogen,  Carlsbad,  CA,  United States),  1  μM N-
acetylcysteine (Sigma-Aldrich, St Louis, MO, United States) and growth factors of 50
ng/mL  mEGF,  50%  Wnt3a  conditioned  medium  and  10%  Noggin  conditioned
medium,  20% Rspo1 conditioned medium,  10  μmol/L nicotinamide (Sigma),  10
nmol/L gastrin  (Sigma),  500  nmol/L  A83-01  (Tocris  Bioscience,  Bristol,  United
Kingdom) and 10 μmol/L SB202190 (Sigma). The medium was refreshed every 2–3 d
and organoids were passaged at about 1:5 ratio every 7–10 d. For the FIS assay, a
standard culture medium was used, composed of Advanced DMEM-F12 (Invitrogen),
1% GlutaMAX-1 (Invitrogen), 1% HEPES (Invitrogen), 1% penicillin/streptomycin
(Lonza, Basel, Switzerland) and 1% Primocin (Invitrogen).

Quantification of FIS: The procedure used was adapted slightly from the method
described by Dekkers et al[9]. Human organoids at the second split were seeded on a μ-
Slide 8 well chamber (80826; Ibidi, Martinsried, Germany) in 5 µL of 50% Matrigel
containing about 20 organoids in 200 µL culture medium. Two days after the seeding,
the organoids were incubated for  30  min with 100 µL standard culture  medium
containing 3 µmol/L Calcein-green (Invitrogen), and stimulated with forskolin (5 µM)
for direct analysis by confocal live cell microscopy (TCS-SP5 inverted microscope;
Leica, Wetzlar, Germany). For CFTR inhibition, organoids were pre-incubated (60
min)  with  50  µmol/L  CFTR-inh172  (Sigma).  The  organoid  volume  (xyz  plane)
increase, relative to t = 0 of forskolin treatment, was normalized to baseline (= 100%)
and  quantified  using  IMMARIS  7.2.1  software  (Bitplane,  Zurich,  Switzerland).
Occasionally, cell debris and unviable structures were manually excluded from the
imaging analysis by use of defined settings.

Cell  membrane  depolarization  assay:  The  potential-sensitive  probe  bis-(1,3-
diethylthiobarbituric  acid)  trimethine  oxonol  (DiSBAC2(3);  Life  Technologies,
Carlsbad, CA, United States) was used to monitor the CFTR-dependent membrane
potential  (Vm) changes in monocytes as previously described[10].  The ΔFt curves,
computed as the difference between mean ΔFt (stimulus) and mean ΔFt (vehicle) in
the last  5  min of  recording,  was termed “CF index” and was positive in healthy
subjects and negative in CF patients, with intermediate values in healthy carriers[10].

Bubble sweat test (BST) protocol:  For the drug delivery and imaging of M- and
CFTR-dependent secretion (C)-sweating, injection area on the subject’s right forearm
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was chosen immediately before the test. An oil reservoir was placed and fixed on the
arm, and the circular area (of the reservoir) was marked with three black dots of equal
distance along the circumference. The measurement procedure for M- and C-sweat is
described in the Supplementary Material.

In  the  measurement  of  sweat  secretion  for  both  phases,  pictures  were  taken
manually using ImageJ software. Starting from the image taken at the end of the M-
phase,  sweat  bubbles  were  numbered  progressively  according  to  the  following
criteria[11]: (1) Bubbles must have clear and round outlines; (2) Their volumes must
increase during the measurement period; and (3) The location of a C-sweat bubble
must correspond to an M-sweat bubble.

Mapped glands were then superimposed on the image obtained at the end of the C-
phase. Both images were saved as JPEG format and analyzed by ImageJ software that
allows measurement of the diameter of each bubble and automatically calculates the
volume. The average sweat rates of M- and C-sweating were finally determined by
calculating the sweat volume secreted per unit of time.

CASE PRESENTATION

Chief complaints
A 44-year old male patient heterozygous for the nonsense CFTR mutation G542X was
referred to our Center for evaluation. Denaturing Gradient Gel Electrophoresis and
Reverse  Dot  Blot  (kit  INNOLiPA  CFTR  Deletions  +6)  were  performed  without
detection of any other mutation (detection rate 98%). The status of the other family
members was referred “healthy” by the patient except her sister with CFTR genotype
G542X+/- who had recurrent bronchitis, normal sweat test and NPD, not available for
all the tests performed for his brother.

History of present illness
The patient had experienced several episodes of acute pancreatitis since the age of 26
years.

History of past illness
The patient reported having been a smoker for 20 years (15 cigarettes per day), until
2010. During the years of smoking, he had occasional bronchitis (< 1 episode per
year),  sometimes requiring oral antibiotic treatment.  He also declared occasional
alcohol  intake  on  the  weekends,  before  2000  (Table  1).  His  sister  had  recurrent
bronchitis that disappeared after stopping smoking; she was a carrier of the G542X
CFTR mutation.

Physical examination
Physical  examination  revealed  positive  Ewing’s  sign  but  other  examinations
produced negative findings, in particular for thoracic auscultation and abdominal
palpation. There was no digital clubbing. Lung function was normal.

Laboratory testing
Sweat chloride values,  obtained by the Gibson and Cooke method[12],  were 41-45
mEq/L. Sputum cultures were negative for Haemophilus parainfluenzae. Congenital
bilateral absence of the vas deferens, which is the CF phenotype associated with the
mildest  impairment  of  CFTR  function,  was  excluded  based  on  absence  of
azoospermia[5].  Recent  nasal  surgery  for  deviation  of  the  nasal  septum  and  its
complications  of  scars  in  both  nostrils  precluded  the  performance  of  NPD
measurements  or  of  nasal  brushing.  Occasionally  (from  2000  to  2014  once  or
twice/year,  first  episode in 2000),  high serum levels of  amylase and lipase were
detected.

Imaging examination
X-ray examination showed modest hypertrophy of the inferior turbinates. Thoracic
computed tomography scan showed evidence of colecystectomy and hypoplastic left
hepatic lobe.

Genetic examination
Genetic testing for mutations associated with pancreatitis in SPINK1 and PRSS1 genes
provided negative results. Sequencing of entire coding regions of both genes was
performed with diagnostic efficiency about 80%.
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Table 1  Medical history of the patient

Year Clinical condition

1999 Pancreatitis

Before 2000 Heartburn and gastric reflux; occasional alcohol intake on the weekends

1991-2010 Smoker (15 cigarettes per day)

2006 Sinusitis (1 episode)

2007-2014 Bronchitis once a year

FINAL DIAGNOSIS
CFTR-related pancreatitis.

TREATMENT
ICMs were performed on four rectal biopsies, following the European Cystic Fibrosis
Society ICM SOP (http://qa.ecfs.eu/ecfs_dnwg), and showed tracings consistent with
a non-CF pattern (Figure 1).  In this case, the cumulative Isc value of carbachol +
forskolin/IBMX + histamine, proposed by Derichs et al[7] as a diagnostic parameter,
was  87.4  µA/cm²,  with  a  cut-off  of  34  µA/cm²  between  non-CF  and  CF  with
pancreatic sufficiency (i.e., being inconsistent with the diagnosis of CF).

In order to cross-validate alternative assays using alternative primary cell samples,
we tested CFTR function in monocytes. The CFTR agonists used in testing were 500
µmol/L 8-Br-cAMP (B5386;  Sigma),  10  µmol/L forskolin  and 100 µmol/L IBMX
(I7018; Sigma), added 5 min after the start of recording. We had previously defined
the CF index (CFI) according to the outcome of this assay and showed positive values
in non-CF subjects, in contrast to negative values in CF patients[10]. In that study, CFTR
activation was found in the ARP patient, a healthy carrier, and in a non-CF donor but
not  in  the  CF patient  used as  reference.  In  cases  of  ARP,  the  positive  CFI  (+44)
indicates a response to CFTR stimulation within the positive range, as obtained in
healthy carriers and non-CF donors (Figure 2A).

We also developed intestinal organoids from the same biopsies utilized for ICM
and performed the FIS assay, as described by Dekkers et al[9] (Figure 2B). Organoids
obtained from our ARP patient carrying the G542X+/- mutation, a healthy donor, and
a CF patient (F508del+/+), were stimulated with 5 μM forskolin and analyzed by
confocal  live cell  microscopy.  The organoids’  volume (xyz plane)  was increased
relative to t = 0 of forskolin treatment and was normalized to the baseline (= 100%);
volume changes were evaluated for 90 min and quantified automatically (by the
Bitplane microscopy image analysis software). The normalized volume increase was
117.44 ± 5.7 (mean ± SE), which is consistent with a non-CF phenotype. Moreover,
before stimulation, the ARP organoids showed a spherical appearance similar to non-
CF organoids, suggesting the presence of functional CFTR.

We finally tested the patient’s CFTR function in vivo by measuring individual sweat
gland cells through computation of the ratio between CFTR-dependent (C-sweat,
evoked by a beta-adrenergic cocktail) and CFTR-independent (M-sweat, stimulated
by methacholine) sweat secretion rates from multiple individual sweat glands. We
obtained average ratios showing an approximately linear readout of CFTR function,
as previously described[11,13]. The mean ratio was 0.20 in the non-CF samples and 0.10
in the healthy carrier samples but 0.00 in the CF patient, as seen in all the CF patients
tested at our Center. These collective results obtained on the same day were consistent
with values previously obtained at our site[13]. For our G542X+/- patient with ARP,
the C/M ratio value was 0.10, overlapping our historical results of healthy carriers.

OUTCOME AND FOLLOW-UP
This patient was recommended to attend regularly the follow-up scheduled by the
gastroenterologist  and once-twice/year the Cystic  Fibrosis  Center in order to be
monitored  for  possible  new  clinical  signs,  in  particular  those  related  to  CFTR
dysfunction.

WJCC https://www.wjgnet.com November 26, 2019 Volume 7 Issue 22

Caldrer S et al. CFTR functional assays in pancreatitis

3761

http://qa.ecfs.eu/ecfs_dnwg


Figure 1

Figure 1  Results of standardized cystic fibrosis transmembrane conductance regulator functional test. Intestinal current measurement tracings from the
controversial clinical case (presented herein), cystic fibrosis (CF) patients with pancreatic insufficiency-CF or pancreatic sufficiency-CF and control (non-CF donor). As
shown in the top panel, there were positive tissue responses to forsk/IBMX: Forskolin/3-isobutyl-1-methylxanthine, Carbachol and Histamine clearly visible in acute
recurrent pancreatitis and not consistent with CF diagnosis. ARP: Acute recurrent pancreatitis; CF: Cystic fibrosis; PI-CF: Pancreatic insufficiency-cystic fibrosis; PS-
CF: Pancreatic sufficiency-cystic fibrosis.

DISCUSSION
This case report describes, for the first time, the combination of standardized assays
with new, relatively simple and robust CFTR functional assays applied to several
tissue types expressing CFTR; the results suggest how the combination of innovative
techniques  may support  diagnosis  at  an  individual  level.  ICM and/or  NPD are
suggested according to the algorithm already published[5].  Therefore a diagnostic
algorithm for similar cases, in our opinion, should include ICM and (when possible)
generation  of  intestinal  organoids  in  order  to  obtain  samples  for  support-
ing/confirming diagnosis and (possibly) perform theratyping. The importance of
testing  different  tissue  types  lies  on  the  tissue  specificity  of  exon  skipping,
furthermore, by testing only airway tissue, we could miss to identify CFTR related
pancreatitis caused by CFTR mutations selectively affecting bicarbonate transport[14].
In fact NPD test is unable to detect such selective bicarbonate impairment while ICM
and  2D  organoids  are  methods  suitable  for  testing  both  anions  transport.  If
standardized CFTR function test are inconclusive or not possible, as NPD and sweat
chloride results in this patient, the other functional tests described can be proposed to
confirm/exclude CFTR related pancreatitis.  Recent data from the literature[11,13,15]

suggest  that  BST  can  be  more  sensitive  than  sweat  chloride  measurements  for
monitoring CFTR improvement during CFTR targeted therapies, making this assay
particularly suitable to this aim. Exclusion of CF and CRD is very important when
other causes of pancreatitis are suspected (i.e., drug, gallstones, or sphincter of Oddi
dysfunction), which may result in therapeutic approaches with limited/no effects (i.e.,
drug withdrawal, cholecystectomy, or endoscopic sphincterotomy respectively) in
patients with recurrent pancreatitis.

For  the  case  presented  herein,  the  results  of  a  number  of  different  tests,
standardized as well as experimental, excluded the diagnosis of CF. All the recently
developed  assays  described  in  this  study-involving  the  intestinal  organoids,
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Figure 2

Figure 2  Results of cystic fibrosis transmembrane conductance regulator functional assays. A: Membrane depolarization by single cell fluorescence analysis
performed in monocytes with (black trace) and without (white trace) stimulus added at 5 min. The cystic fibrosis (CF) index was calculated as reported[10]; B:
Normalized volume increase of individual organoids obtained during Forskolin-induced swelling assay. Organoids were obtained from the acute recurrent pancreatitis
patient carrying the mutation G542+/-, a non-CF subject with or without pre-incubation with cystic fibrosis transmembrane conductance regulator-inh72 and with
stimulation with the potentiator VX770, and a CF patient. Box and whisker plots (10th-90th percentiles) correspond to the normalized volume increase with respect to
the baseline for each subject; the midline in boxes indicates median. Symbols indicate significant differences (one way-ANOVA; aP < 0.05; bP < 0.02) identified by
Dunn’s method to compare all groups vs the non-CF control. CFTR: Cystic fibrosis transmembrane conductance regulator; CF: Cystic fibrosis; CFI: Cystic fibrosis
index; FIS: Forskolin-induced swelling.

leukocytes, and individual sweat glands-provided results consistent with those of
ICM  which,  according  to  the  currently  suggested  diagnostic  algorithm,  was
considered the only standardized CFTR functional test available for this patient[5,16].
Contraindications for NPD measurements are not rare when non-classical CF and
CRD are suspected[5,16].

In  our  opinion,  the  outcomes  of  some of  these  approaches  should  be  further
evaluated in a larger number of subjects in order to collect reference values. This
might  help  for  an  individualized  diagnostic  approach  considering  sensibility,
specificity, costs, and feasibility. When used alone or in combination, selected on the
basis of specialized centres availability and patient’s conditions, these tests might be
valuable not only for diagnostic applications but also for theratyping approaches[17,18].
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