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Abstract

The recent discovery of TRPV6 as a pancreatitis susceptibility gene served to identify a novel
mechanism of chronic pancreatitis (CP) due to Ca** dysregulation. Herein, we analyzed
TRPV6 in 81 probands with hereditary CP (HCP), 204 probands with familial CP (FCP) and
462 patients with idiopathic CP (ICP) by targeted next-generation sequencing. We identified
25 rare nonsynonymous 7TRPV6 variants, 18 of which had not been previously reported. All
18 variants were characterized by a Ca>* imaging assay, with 8 being identified as
functionally deficient. Evaluation of functionally deficient variants in the three CP cohorts
revealed two novel findings: (i) functionally deficient TRPV6 variants appear to occur more
frequently in HCP/FCP patients than in ICP patients (3.2% vs. 1.5%) and (ii) functionally
deficient TRPV6 variants found in HCP and FCP probands appear to be more frequently co-
inherited with known risk variants in SPINKI, CTRC and/or CFTR than those found in ICP
patients (66.7% vs 28.6%). Additionally, genetic analysis of available HCP and FCP family
members revealed complex patterns of inheritance in some families. Our findings confirm that
functionally deficient TRPV6 variants are an important contributor to CP. Moreover,
functionally deficient TRPV6 variants account for a significant proportion of cases of

HCP/FCP.

KEYWORDS
chronic pancreatitis, complex disease, genetic variant, genotype-phenotype relationship,

targeted next-generation sequencing, TRPV6 gene



1. INTRODUCTION

Chronic pancreatitis (CP) is a long-standing inflammation of the pancreas that leads to
irreversible structural and functional abnormalities of that organ (Beyer, Habtezion, Werner,
Lerch, & Mayerle, 2020). It is a complex disease that is generally caused by a combination of
genetic and environmental factors (Chen et al., 2021; Kleeff et al., 2017; Mayerle et al., 2019;
Ru et al., 2021). Since the first identification of a gain-of-function missense variant,
p-Argl22His, in the PRSS! gene (encoding cationic trypsinogen; MIM# 276000) as a cause of
autosomal dominant hereditary pancreatitis (Whitcomb et al., 1996), a diverse array of
inherited variants in more than 10 gene loci have been reported to cause, predispose to or
protect against pancreatitis (see (Masson et al., 2021) for references). Most of the known CP
genes encode pancreatic zymogens that are specifically expressed in the pancreatic acinar
cells; the corresponding pathogenic variants operate either through a trypsin- or misfolding-
dependent pathway (Hegyi & Sahin-T6th, 2017; Sahin-Téth, 2017).

An important recent advance in pancreatitis genetics was the discovery of TRPV6
(encoding transient receptor potential cation channel subfamily V member 6; MIM# 606680)
as a new CP susceptibility gene (Masamune et al., 2020; Sahin-Téth, 2020; Zou et al., 2020).
Compared to other developments in the field of pancreatitis genetics over the last 10 years,
which were either limited to specific populations or involved a small genetic effect (Burgos et
al., 2021; Fjeld et al., 2015; Lasher et al., 2019; Moore et al., 2019; Rosendahl et al., 2018;
Tang et al., 2018; Whitcomb et al., 2012; Witt et al., 2013; Wu et al., 2017; Zou et al., 2016),
the TRPV6 discovery was noteworthy in that aggregated functionally deficient TRPV6
variants were found to exert a very strong genetic effect on CP across four populations;
indeed, the corresponding odds ratios (OR) were 8.9 in the Chinese cohort (Zou et al., 2020),
48.3 in the Japanese cohort, and infinity in the French and German cohorts (Masamune et al.,

2020). Unlike most other CP genes, TRPV6 is expressed in several types of epithelial cell



including pancreatic ductal and acinar cells, and encodes a constitutively active Ca®*-selective
ion channel (Fecher-Trost, Wissenbach, & Weissgerber, 2017; Stoerger & Flockerzi, 2014).
On the basis that (i) TRPV6 plays an important role in Ca* homeostasis (Saotome, Singh,
Yelshanskaya, & Sobolevsky, 2016), (ii) calcium signaling is one of the main initiation events
in experimental pancreatitis (Gerasimenko, Peng, Tsugorka, & Gerasimenko, 2018) and (iii)
Trpv6 knockin mice with a homozygous missense variant (i.e., p.Asp541Ala) that is known to
block the ability of TRPV6 to conduct Ca’*, developed more severe cerulein-induced
pancreatitis (Masamune et al., 2020), a functional deficiency of TRPV6 would appear to
constitute a novel pathogenic mechanism of CP due to Ca** dysregulation (Masamune et al.,
2020; Zou et al., 2020).

The TRPV6 breakthrough was made essentially through the analysis of patients with
idiopathic CP (ICP). Given the remarkably high ORs associated with the functionally
deficient TRPV6 variants (Masamune et al., 2020; Zou et al., 2020), we wondered whether
some families presenting with a phenotype consistent with autosomal dominant hereditary
pancreatitis might harbor genetic defects in the TRPV6 gene. Herein, we describe our findings
from the analysis of the TRPV6 gene in three distinct CP cohorts, followed by functional

analysis of all the newly identified rare TRPV6 nonsynonymous variants.

2. MATERIALS AND METHODS

2.1. Ethical statement

This study was approved by the Ethics Committee of the Regional and University Hospital
Center (Centre Hospitalier Régional et Universitaire (CHRU)), Brest, France. All participants
(or parents/guardians when the participants were under the age of 18) gave their informed

consent.



2.2. Disease subtype classifications

Three CP subtypes, namely hereditary CP (HCP), familial CP (FCP) and ICP, were defined in
accordance with our previous publications (Chen & Férec, 2009; Le Maréchal et al., 2006;
Masson, Chen, Scotet, Le Maréchal, & Férec, 2008). ICP is diagnosed when neither external
causative risk factors (e.g., heavy drinking, infection, trauma and drug use) nor a positive
family history of pancreatitis were reported; HCP is defined by having three or more affected
family members spanning at least two generations whereas FCP is defined in terms of a
positive family history but not satisfying the stricter diagnostic criteria for HCP. Additionally,
ICP was further divided into two groups (<20 years and >20 years) in terms of the age of
onset of disease symptoms (in patients who did not experience prior symptoms, the age at

diagnosis of CP) as previously described (Masson et al., 2008).

2.3. Patients

285 probands with a positive family history of pancreatitis (including 81 with HCP and 204
with FCP) and 462 ICP (including 108 of <20 years and 354 of >20 years) patients, all of
whom were recruited by the Brest Genetics Laboratory, participated in this study. Here it
should be noted that in (Masamune et al., 2020), all 470 of the participating French CP
patients belonged to the ICP group of <20 years; the currently included 108 patients with ICP
of <20 years were newly recruited. In addition, the HCP and FCP probands had been
previously found to be negative for a causative variant in the PRSS! gene by established

methods (Masson, Chen, Audrézet, Cooper, & Férec, 2013).

2.4. Targeted next generation sequencing (NGS)
The entire coding region and exon/intron boundaries of the TRPV6 gene were analyzed by

targeted NGS. Primer sequences used for this purpose are provided in Supplementary Table



S2. A targeted DNA sequencing library was prepared with the Assess Array™ IFC system by
Fluidigm (Fluidigm, Les Ulis, France) according to the manufacturer’s protocol. Library
sequencing was performed using the Ion Torrent Sequencing System (Thermo Fisher
Scientific, Waltham, US-MA). The SeqNext software (JSI Medical Systems, New York, NY)
was used to detect variants in the NGS data. Rare nonsynonymous variants including (i) small
deletions or insertions that affected canonical GT-AG splice sites and/or coding sequence and
(ii) single nucleotide substitutions that altered either canonical GT-AG splice sites or resulted
in missense or nonsense variants were included for analysis. Rare variants were defined as
having an allele frequency of <0.005 in controls (Manolio et al., 2009). Global population

data from the Genome Aggregation Database (gnomAD; http://gnomad.broadinstitute.org/)

were used as controls (Lek et al., 2016).

The four most extensively studied CP genes, PRSS1, SPINKI (encoding pancreatic
secretory trypsin inhibitor; MIM# 167790), CTRC (encoding chymotrypsin C; MIM# 601405)
and CFTR (encoding cystic fibrosis transmembrane conductance regulator; MIM# 602421)
(Masson et al., 2013; Rosendahl et al., 2013; Zou et al., 2018), were analyzed simultaneously
with the TPRV6 gene by targeted NGS in all patients. Primer sequences pertaining to these
four genes are available upon email request. All patients found to carry a rare TRPV6
nonsynonymous variant were evaluated with respect to known CP risk variants in PRSS1,
SPINKI, CTRC and/or CFTR (with the exception of those risk variants that represent common
polymorphisms in the general population e.g. the common PRSS1-PRSS2 haplotype tagged by
rs10273639C (Herzig et al., 2020; Whitcomb et al., 2012)).

All reported variants were confirmed by Sanger sequencing.

2.5. Screening for copy number variants (CNVs) in the TRPV6 gene by quantitative

fluorescent multiplex PCR (QFM-PCR)


http://gnomad.broadinstitute.org/

Fifteen primer pairs targeting the 15 exons of the TRPV6 gene (Supplementary Table S3)
were designed for this purpose. One primer of each pair was 5’-labeled with the HEX
Fluorochrome. The targeted TRPV6 regions and two control regions (i.e., exon 19 of the
EPHB6 gene located on chromosome 7, and exon 9 of the DSC2 gene located on chromosome
18) were simultaneously amplified in a single reaction. QFM-PCR was performed using the
Qiagen Multiplex PCR kit (Qiagen, Courtaboeuf, France), with 50 ng genomic DNA in a 10-
ul reaction mixture. The PCR program comprised an initial denaturation step at 95°C for 15
min, 27 cycles of denaturation at 95°C for 30 s, annealing at 58°C for 1 min and extension at
72°C for 90 s, and a final extension at 72°C for 30 min.

Amplified DNA fragments were separated on a 3130XL Genetic Analyzer (Applied
Biosystems, Foster City, CA), and data were analyzed with the GeneMarker® software
(Softgenetics LLC, State College, PA). Peak heights of the 15 TRPV6 amplicons in a given
sample were first normalized against those of the co-amplified control DSC2 and EPHB6
amplicons. The normalized fluorescent profiles of a test sample were then superimposed upon
those of a control sample. A reduction in peak height to 50% of normal was held to be

suggestive of a deletion.

2.6. Ca®* imaging assay

The Ca* imaging assay was performed at the Division of Gastroenterology, Tohoku
University Graduate School of Medicine, Sendai, Japan, as previously reported (Masamune et
al., 2020). We co-transfected HEK293 cells (American Type Culture Collection) with
recombinant TRPV6 expression plasmids and pEGFP-N1 or pEGFP-C1 (Clontech
Laboratories) as a transfection marker, using the SuperFect Transfection Reagent (Qiagen).
After transfection, cells were plated on coverslips and loaded with 1 uM Fura-2-

acetoxymethyl ester (AM) (Dojindo Molecular Technologies Inc, Kumamoto, Japan).
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Fluorescence images of the cells were recorded and analyzed with a video image analysis
system (AQUACOSMOS; Hamamatsu Photonics, Hamamatsu, Japan). Fura-2-AM
fluorescence at an emission wavelength of 510 nm was obtained by exciting Fura-2-AM
sequentially at 340 nm and 380 nm. The increase in the fluorescence ratio F340/F380
(F340/F380) evoked by the application of 2 mM Ca?* was then determined. The AF340/F380
value in the cells expressing wild-type (WT) TRPV6 was taken as 100% TRPV6 activity. We
defined functionally-defective variants as those for which an increase of intracellular calcium

concentration was significantly diminished compared to the WT (see below).

2.7. Statistical analysis

For Ca”* imaging assays, data are shown as mean + SEM of the assays from the sum of two or
three independent transfections. Differences between more than two groups in Ca?* imaging
assays were analyzed using the Tukey-Kramer method. A p value of <0.05 was considered
significant.

Differences in carrier frequencies of the functionally-defective TRPV6 variants between
patients and controls were performed using a 2x2 Contingency Table available at
http://vassarstats.net/odds2x2.html. A difference was regarded as being statistically significant
when the P value was <0.05.

Meta-analysis of the association between functionally-defective TRPV6 variants with CP
across Japanese, Chinese, German and French cohorts was performed using the Review
Manager 5.3 software (https://review-manager.software.informer.com/5.3/), as previously

described (Herzig et al., 2020).

2.8. Reference mRNA sequences and variant nomenclature


http://vassarstats.net/odds2x2.html
https://review-manager.software.informer.com/5.3/
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NM_018646.6, NM_002769.5, NM_001379610.1, NM_007272.3 and NM_000492.4 were
used as the reference TPRV6, PRSS1, SPINKI, CTRC and CFTR mRNA sequences,
respectively. All variants were named in accordance with Human Genome Variation Society

recommendations (http://varnomen.hgvs.org/; (den Dunnen et al., 2016)). Names for newly

described variants were verified as recommended (Higgins et al., 2021). TRPV6 variants that

were not previously described in the human SNP databases have been deposited in GenBank

(https://www.ncbi.nlm.nih.gov/genbank/).

3. RESULTS
3.1. Rare TRPV6 variants identified in three CP cohorts by targeted NGS
All functionally deficient TRPV6 variants previously reported in (Masamune et al., 2020; Zou
et al., 2020) were ‘rare variants’ (defined as having an allele frequency of <0.005 in their
respective control populations). We therefore focused our analysis here on rare
nonsynonymous variants by reference to the global population data in gnomAD. As such, we
found a total of 25 variants: 5 in HCP, 6 in FCP (Table 1), 4 in ICP of <20 years and 10 in
ICP of >20 years (Table 2). Each variant was found once in a single patient. With the
exception of c.1936C>T (p.Arg646Trp), which was found in an ICP individual of >20 years
in the homozygous state (Table 2), all variants found were heterozygous. All variants were
either absent from gnomAD or in the case of their presence, their allele frequencies were
extremely low (Tables 1 and 2). Of the 25 variants, only 7 (6 in Table 1 and 1 in Table 2)
were previously described in (Masamune et al., 2020; Zou et al., 2020). In other words, the
other 18 variants were newly described in this study.

The p.Arg646Trp homozygote and all heterozygous HCP and FCP probands were also

analyzed by QFM-PCR for the possible presence of CNVs but none were found. This served


http://varnomen.hgvs.org/
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to validate the authenticity of the homozygous p.Arg646Trp variant as well as to exclude the

involvement of large deletions in these subjects.

3.2. Eight of the 18 newly described rare nonsynonymous 7RPV6 variants were found to
be functionally deficient by means of a Ca?* imaging assay
All 18 of the newly described TRPV6 variants were functionally analyzed by means of a Ca*
imaging assay, with 8 being identified as functionally deficient (Figure 1; Tables 1 and 2).
Herein two points should be noted. First, two variants previously reported by Zou and
colleagues (Zou et al., 2020), namely ¢.1517T>C (p.Met506Thr) and ¢.1360C>T
(p.Arg454Cys), were also assessed by Ca®* imaging assay in the current study.
Entirely consistent findings with respect to the functional annotations of the two variants —
the former was functionally deficient (see Table 1) but the latter not (see Table 2) — were
obtained from the two studies. Second, unlike the two previous studies (Masamune et al.,
2020; Zou et al., 2020), we did not perform protein expression analysis by
means of Western blotting. Nonetheless, based upon findings from the two previous studies,
functional deficiency of TRPV6 variants, as measured by the Ca** imaging
assay, was considered to reflect reduced mutant protein expression.

Functional analytical data corresponding to the remaining 5 previously described variants

were taken directly from (Masamune et al., 2020; Zou et al., 2020).

3.3. Functionally deficient TRPV6 variants tend to be found more frequently in
HCP/FCP than in ICP and more frequently in ICP of <20 years than in ICP of >20 years
The carrier frequencies of functionally deficient TRPV6 variants in the HCP, FCP, ICP of <20
years and ICP of >20 years cohorts (Tables 1 and 2) were respectively 4.9% (4/81), 2.5%

(5/204), 1.9% (2/108) and 0.8% (3/354), respectively. The carrier frequency (1.9%) of the
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functionally deficient TRPV6 variants in ICP of <20 years matched that of the 470 previously
analyzed French ICP patients of <20 years [1.9% (9/470) (Masamune et al., 2020)]; thus, for
ICP of <20 years, we employed the combined data from the current and previous studies
(1.9% (11/578)) (Table 3). In addition, the carrier frequencies of the functionally deficient
TRPV6 variants in the combined HCP and FCP patients and in the combined ICP patients are
also provided in Table 3.

The P values for the difference in carrier frequencies for the functionally-defective TRPV6
variants between each of the French patient cohorts and the previously analyzed 570 French
controls are provided in Table 3. It should be emphasized here that the corresponding ORs
were invariably infinite due to the absence of functionally deficient TRPV6 variants in the 570
French controls (Masamune et al., 2020).

Inspection of the data in Table 3 revealed two tendencies. First, functionally
deficient TRPV6 variants were found to occur more frequently in patients with a positive
family history than those without (3.2% vs. 1.5%; P = 0.0723, Pearson's > test). Second,
functionally deficient TRPV6 variants were found to occur more frequently in patients with an
early disease onset (<20 years) than those with a late disease onset (1.9% vs. 0.8%; P = 0.198,
Pearson's o test). The lack of a statistically significant difference in either context was

considered to be attributable to small sample size.

3.4. Functionally deficient TRPV6 variants found in HCP and FCP tend to be more
frequently associated with known risk variants in SPINKI, CTRC and/or CFTR than
those found in ICP

Patients with a rare TRPV6 variant were evaluated for known CP risk variants in PRSS/,
SPINKI, CTRC and CFTR, with the findings being presented in Tables 1 and 2. The

frequency of functionally deficient TRPV6 variants co-segregating with another CP risk



14

variant was calculated for each disease subtype as well as for a straight comparison between
CP patients with a positive family history (HCP/FCP) and those without (ICP irrespective of
age) and the results are summarized in Table 4. The data from the French ICP patients of <20
years in the current study were combined with those from (Masamune et al., 2020). In the
previous study, of the nine ICP patients (<20 years) carrying a functionally deficient TRPV6
variant, two also carried the SPINK1 p.Asn34ser variant whilst another carried the common
CFTR p.Phe508del variant (Masamune et al., 2020). In the current study, the corresponding
figure was 1/2 ICP patients <20 years carrying a functionally deficient TRPV6 variant also
carried a defective CFTR allele (see Table 2).

Notably, functionally deficient TRPV6 variants found in CP patients with a positive family
history (HCP and FCP) appeared to be more frequently associated with known risk variants in
SPINK1, CTRC and/or CFTR than functionally deficient TRPV6 variants found in ICP
patients (66.7% vs 28.6%; Table 4). Again, the lack of a statistically significant difference in
this particular context (P = 0.102, two-tailed Fisher’s exact test) was considered to be

attributable to small sample size.

3.5. Genetic analysis of available family members in HCP and FCP revealed complex
patterns of inheritance

Only a few relatives of the HCP and FCP probands were available for variant analysis (Figure
2). Whereas TRPV6 variants were invariably found to cosegregate with the CP phenotype in
all informative subjects, this was not always the case for the other known CP-predisposing
variants. Thus, in pedigree C, the father of the proband did not harbor the detected CFTR
p-Phe508del variant and it was almost certainly inherited from the proband’s mother

(although in the absence of a maternal sample for analysis, we could not formally confirm it).
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By contrast, in pedigree G, the proband inherited from his father both the TRPV6

p-Arg345Cys and the CFTR p.Leu997Phe but not the father’s SPINK1 p.Arg67His variant.

3.6. Meta-analysis of the association of functionally deficient TRPV6 variants with ICP
across four populations
Finally, we performed a meta-analysis of the association of functionally deficient TRPV6
variants with ICP across Japanese, Chinese, German and French populations. Data from the
first three populations were obtained from (Masamune et al., 2020; Zou et al., 2020),
with the term ‘non-alcoholic CP’ being regarded as equivalent to ICP in
accordance with our previous practice (Chen et al., 2021). As for the corresponding French
data, it was the combined ICP data as provided in Table 3 that were used for analysis.
Functionally deficient TRPV6 variants were found to be significantly associated with an
increased risk for ICP in the context of each population, as the corresponding 95% Cls did not
overlap with 1 (Table 5). Since the test for heterogeneity did not reveal significant
heterogeneity across the four populations (32 = 1.56, P = 0.67; I = 0%; Supp. Figure S1), the
Mantel-Haenszel fixed-effect model was used to compute the pooled OR of the association
across the four populations. The pooled OR was 21.65 [95% CI 6.56-71.44; P < 0.00001)

(Table 5; Supp. Figure S1).

4. DISCUSSION

In the present study, we have for the first time analyzed the TRPV6 gene in three distinct CP
cohorts, HCP, FCP and ICP, by means of targeted NGS. We found a total of 25 rare
nonsynonymous variants, of which 18 had not been previously reported in (Masamune et al.,

2020; Zou et al., 2020). We performed functional analysis on all 18 variants, resulting in the
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identification of 8 new functionally deficient TRPV6 variants. Comparison of findings in the
different CP cohorts revealed several novel observations;

First, functionally deficient TRPV6 variants were previously reported to be more
frequently found in patients with early-onset disease (i.e., age at symptom onset, <20 years)
than in patients who developed symptoms after the age of 20 (Masamune et al., 2020). We
confirmed this finding by analyzing further ICP patients of <20 years and >20 years.
Importantly, we made a new observation; functionally deficient TRPV6 variants were found to
occur more frequently in HCP/FCP patients than in ICP patients. The biological reason
underlying these trends would appear to lie in the strong genetic effect of functionally
deficient TRPV6 variants (Masamune et al., 2020; Zou et al., 2020), which not only
predispose subjects to early-onset disease but also increase the probability of the disease
manifesting in families. In this regard, it is pertinent to make a comparison with the
rs10273639C-tagged common PRSSI-PRSS2 haplotype, which has a very small genetic effect
on CP (pooled OR of 1.28 from a meta-analysis (Herzig et al., 2020)) and was more
frequently found in CP patients of >20 years than in CP patients of <20 years (Derikx et al.,
2015).

Second, some 20% of the previously reported functionally deficient TRPV6 variants were
associated with a known risk variant in SPINKI, CTRC or CFTR (Masamune et al., 2020). We
confirmed this in the context of our combined ICP patients (Table 4). Interestingly, we found
that up to 66.7% of the functionally deficient TRPV6 variants detected in the HCP/FCP
probands carried a known risk variant in SPINK1, CTRC and/or CFTR. This new observation
is readily interpretable as follows: two variants, irrespective of whether their effects were
additive or synergistic, when inherited together, would normally confer a higher penetrance as

compared to either variant inherited alone.
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Third, we were able to analyze a few family members, which revealed complex patterns of
inheritance in some families. In pedigree C, one may speculate that the co-inherited TRPV6
p-Arg345His and CFTR Phe508del variants could have advanced the age of disease onset in
the proband as compared to the father who harbored a single TRPV6 p.Arg345His variant
(Figure 2). However, in pedigree G, the father had a much later age of disease onset than the
proband even although the former also carried SPINKI p.Arg67His. It should be noted that
SPINKI p.Arg67His has previously been described in multiple pancreatitis patients (Boulling,
Keiles, Masson, Chen, & Férec, 2012; Giefer et al., 2017; Jalaly et al., 2017; Werlin et al.,
2015) and has been shown by in vitro transfection experiments to abolish SPINK1 protein
expression (Boulling et al., 2012).

Finally, we have performed a meta-analysis on the association of functionally deficient
TRPV6 variants with ICP using data from the two previous studies (Masamune et al., 2020;
Zou et al., 2020) and the current one, obtaining a pooled OR of 21.65 (P < 0.00001).

Our study has its limitations. For example, the sample size was small in the context of
HCP and FCP cohorts. This, together with the rare occurrence of functionally deficient
TRPV6 variants, invalidated formal statistical analysis. Moreover, we did not explore the
possibility that some missense variants might affect splicing or mRNA stability. However, we
do not consider that these limitations would have changed the main conclusions of the study.

In summary, our findings confirm that functionally deficient TRPV6 variants are an
important contributor to CP. Moreover, we have for the first time demonstrated that
functionally deficient TRPV6 variants account for a significant proportion of cases of HCP

and FCP.
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Figure 1. Functional analysis of the 18 newly described TRPV6 variants by means of a Ca*
imaging assay. Two variants previously reported by (Zou et al., 2020), p.Arg454Cys and
p.Met506Thr, were additionally included for analysis. Intracellular Ca** concentration in
wild-type (WT) TRPV6-transfected HEK293 cells was set as 100% TRPV6 activity. **, P <

0.01.
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Figure 2. Rare nonsynonymous TRPV6 variants found in five families with hereditary chronic
pancreatitis (A to E) and six families with familial chronic pancreatitis (F to K). Probands are
indicated by arrows. Numbers to the right of patient symbols refer to the age at onset of
pancreatitis symptoms. Variants identified in TRPV6, as well as in the pancreatitis-relevant
genes SPINK1, CTRC and/or CFTR, are indicated below the individuals subjected to genetic
analysis. Functionally deficient TRPV6 variants are given in red type whereas functionally
sufficient TRPV6 variants are given in normal type. Pancreatitis-relevant variants in SPINK ],
CTRC and/or CFTR are given in blue type. All variants were found in the heterozygous state.
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