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Mutations and polymorphisms in the SPINK1 gene, which encodes trypsin’s physiological inhibitor,
pancreatic secretory trypsin inhibitor, have been found to be associated with chronic pancreatitis.
However, to date, all currently reported SPINK1 variants are either single-nucleotide substitutions or
microinsertions/deletions. It is possible that large genomic rearrangements at this locus may underlie
certain cases of chronic pancreatitis. However, such events, if indeed they exist, may have been overlooked
by conventional PCR-based techniques. Here we attempted to screen all four exons as well as the promoter
region of the SPINK1 gene for large genomic deletions by means of quantitative high-performance liquid
chromatography analysis. Of the 47 pancreatitis families (not carrying any known PRSS1, SPINK1 and CFTR
variants/mutations after screening the coding regions by our previously established denaturing high-
performance liquid chromatography methods), one family was suggested to carry a large genomic
deletion in the SPINK1 gene. The aberrant chromosomal junction was encapsulated by long-range PCR and
the breakpoints were determined by direct sequencing of the rearranged fragment. A 2-bp short direct
repeat was present at the deletion breakpoints; this simple deletion (c.1–320_c.55þ961del1336bp) can
thus in principle be explained by replication slippage. Identification of this lesion has not only expanded
the SPINK1 mutational spectrum but also served to identify a novel mutational mechanism causing chronic
pancreatitis.
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Introduction
Pancreatitis is a continuing or relapsing inflammatory

disease of the pancreas. More than a century ago, it was

proposed that pancreatitis is an autodigestive disease, and

thereafter a wealth of circumstantial evidence, including

clinical observations and experimental models, has sug-

gested that prematurely activated trypsin is pivotal in

initiating pancreatic autodigestion (reviewed by Chen and

Férec1). This theory was given wide support when an

apparent ‘gain-of-function’ mutation, namely R122H, in

the cationic trypsinogen gene (PRSS1; MIM #276000),

was identified as the cause of hereditary pancreatitis.2
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Bretagne Occidentale, Etablissement Français du Sang – Bretagne, 46
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Subsequently identified and functionally characterised

pancreatitis-associated PRSS1 missense mutations includ-

ing D19A,3 D22G,3,4 K23R,3,4 N29I/T,5 E79K6 and R122C7

were also demonstrated to cause a ‘gain’ of trypsin. By

contrast, ‘loss-of-function’ PRSS1 mutations8 as well as a

degradation-sensitive anionic trypsinogen (PRSS2; MIM

#601564) variant (G191R)9 appear to protect against the

disease.

Mutations and polymorphisms in the SPINK1 gene (MIM

#167790; encoding trypsin’s physiological inhibitor,

pancreatic secretory trypsin inhibitor) have also been

identified and shown to be associated with chronic

pancreatitis.10 –12 However, to date, all currently reported

SPINK1 variants (B30) are either single-nucleotide sub-

stitutions or microinsertions/deletions (see http://www.u-

ni-leipzig.de/pancreasmutation/db.html for an up-to-date

list). It is possible that large genomic rearrangements at this

locus may underlie certain cases of chronic pancreatitis.

However, such events, if indeed they exist, may have been

overlooked by conventional PCR-based techniques.

We have recently reported that gross genomic rearrange-

ments in the CFTR gene (MIM #602421) accounted for a

significant fraction of unidentified cystic fibrosis chromo-

somes by means of the quantitative multiplex PCR of short

fluorescent fragments and quantitative high-performance

liquid chromatography (QHPLC) analyses.13,14 In the

present study, we have attempted to identify this kind of

mutation in the SPINK1 gene using the QHPLC technique.

Materials and methods
Pancreatitis families and controls

A total of 47 unrelated pancreatitis families were recruited

from several clinical centres in France. As described

previously,15 all families were defined as having at least

two cases of recurrent acute pancreatitis or chronic

pancreatitis from whom known precipitating factors such

as alcohol abuse and gallstones were excluded. In addition,

these families had not been found to carry any known

PRSS1, SPINK1 and CFTR variants/mutations after screen-

ing the coding regions by our previously established

denaturing high-performance liquid chromatography tech-

nique.15–17 Fifty unrelated healthy bone marrow donors

were used as controls.

QHPLC analysis

Primers used for amplifying the four exons of the SPINK1

gene were described elsewhere.15 A new primer pair

(forward: 50-GAAACTCTTTGCAGGAAATGCAG-30; reverse:

50-TCAAGCCCAAACCTCGTTGT-30) was further designated

to amplify a fragment (208bp) corresponding to the

promoter region of the gene. DNA quantification was

performed using the Quant-iTt PicoGreens dsDNA reagent

(Invitrogen, Eugene, OR, USA). PCR was performed in a

50ml reaction mixture containing of 200mM each dNTP,

1.5–2.5mM MgCl2, 1U AmpliTaq DNA polymerase (PE

Applied Biosystems, Foster City, CA, USA), 0.5mM each

primer and 100ng genomic DNA. The PCR programme

consisted of an initial denaturation at 941C for 2min,

followed by 26–32 cycles denaturation at 941C for 30 s,

annealing at 50–601C for 30 s and extension at 721C for 30 s.

QHPLC was performed using the Transgenomic Wave

system. Briefly, 8 ml PCR products were injected into a

DNASep column (50� 4.6mm) in nondenaturing condi-

tion (501C). All five amplicons were eluted in a linear

acetonitrile gradient (54–64% B buffer increased) with a

0.9mlmin�1 flow rate. Elution of DNA was detected by

UV absorbance at 260nm and data were visualised with

Hitachi System Manager software. The presence of a

deletion was indicated by a two-fold reduction in the

height of the corresponding peak as compared with that of

the control.

Characterisation of the gross genomic deletion

Expand Long Template PCR System (Roche Diagnostics,

Meylan, France) was used to obtain the fragment spanning

the aberrant chromosomal junction. The forward primer

initially used for amplifying the promoter region and the

reverse primer initially used for amplifying exon 2 of the

SPINK1 gene were used as the forward and reverse primers

of the long-range PCR, respectively. After 2min denatura-

tion at 941C, the PCR programme was 40 cycles of

denaturation at 941C�15 s, annealing at 561C�30 s and

extension at 681C�6min.

Long-range PCR products were visualised on a 1.4%

agarose gel. The newly generated patient-specific band was

purified on TaKaRa RECOCHIP (Takara Bio Inc., Otsu,

Shiga, Japan) and then directly sequenced using the ABI

PRISMt BigDyet Terminator Cycle Sequencing Kit (PE

Applied Biosystems, Foster City, CA, USA).

Mutation nomenclature

The sequence of the rearranged PCR products was com-

pared with GenBank accession numbers NM_003122.2.

and NC_000005.8. The characterised gross deletion was

named in accordance with the standard nomenclature

guidelines proposed by the Human Genome Variation

Society (http://www.hgvs.org/; i.e. cDNA-based numbering

with the A of the ATG translational initiation codon as

þ1).18

Results and discussion
Taking advantage of our previous experience of QHPLC

analysis of the CFTR gene,13,14 we have here established a

similar method for systematically analysing the promoter

region and all four exons of the SPINK1 gene. Of the 47

pancreatitis families analysed, one family was found to

carry a large genomic deletion in the SPINK1 gene. The

index patient in this family is a 47-year-old French woman,
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whose symptoms started at the age of 16 with severe

abdominal pain. Chronic pancreatitis was diagnosed by the

presence of calcifications in the pancreas and a dilated

pancreatic duct, revealed by ultrasound and endoscopic

retrograde cholangiopancreatography investigations. Eight

of her 15 brothers and sisters were reported to have chronic

pancreatitis. Her parents are healthy.

The index patient (II.1) as well as her 41-year-old brother

with chronic pancreatitis (II.2) was suggested to carry a

heterozygous deletion involving exon 1 of the SPINK1 gene

by QHPLC (Figure 1a). As the promoter region (data not

shown) and exon 2 of the gene appeared to be normal in

these two patients, this putative deletion’s breakpoints

should be located somewhere between the promoter region

and exon 2. We therefore used the forward primer initially

used for amplifying the promoter region and the reverse

primer initially used for amplifying exon 2 of the SPINK1

gene to perform a long-range PCR amplification. Indeed,

an additional, shorter band was shown in the two patients

as compared with a normal control (Figure 1b), thereby

confirming the presence of a large deletion involving exon

1 in both patients. This shorter band was then recovered,

purified and directly sequenced. As shown in Figure 1c

and Figure 2, this deletion extends from nucleotide �320 50

to the A of the ATG translational initiation codon to

nucleotide þ961 30 to c.55 with a loss of 1336bp and was

thus designated as c.1–320_c.55þ961del1336 bp (Gen-

Bank accession number DQ494480).

This large deletion was further detected in the index

patient’s 35-year-old brother with chronic pancreatitis

c
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Figure 1 Characterisation of a large genomic deletion in the SPINK1 gene. (a) Superimposed QHPLC profiles of exons 1 and 2 from the index
patient (II.1), one of her diseased brothers (II.2) and a normal control. (b) Electrophoretic profiles of the long-range PCR products from patients II.1 and
II.2 as well as a normal control (c) on a 1.4% agarose gel. Arrow indicates the newly generated, shorter band in the patients. M, SmartLaddert marker
(Eurogentec, Southampton, U K). (c) Determination of the chromosomal junction (indicated by a vertical bar) by direct sequencing.
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(data not shown). However, until now, we have been

unable to obtain DNA samples from the patients’ healthy

parents and other family members for genetic analysis. In

addition, this larger deletion was shown to be absent in

50 healthy controls by QHPLC analysis. Finally, a 2-bp short

direct repeat (ag) was present at the deletion breakpoints

(Figure 2); this deletion can thus in principle be explained

by replication slippage.19

The newly identified large deletion as well as the

previously reported c.2T4C,11 c.194þ2T4C

(IVS3þ 2T4C),11 c.98_99insA (Y33X),20 c.27delC15 and

c.87þ 1G4A115 are severe mutations in the context of

their presumed effect on SPINK1’s function (i.e. complete

functional loss of the involved allele). Not surprisingly,

these mutations were always found in families with

chronic pancreatitis. In sharp contrast, the most common

N34S variant (and other intronic variants in linkage

disequilibrium), which has an allele frequency of 0.18–

0.79% in control populations,10,11,12,21 was often found in

sporadic pancreatitis. Based upon these observations, we

would like to reiterate that the differing views (i.e. disease-

causing11 vs disease modifier12) regarding SPINK1’s role in

the aetiology of chronic pancreatitis should be considered

in the context of specific mutations: although the common

N34S-associated haplotype is more like to act as a disease

susceptibility factor, severe mutations are more likely to be

disease-causing.15

In summary, we have reported the first large genomic

deletion in the SPINK1 gene using a newly established

QHPLC analysis. This finding has not only expanded the

spectrum underlying SPINK1 mutations but also identified

a novel mutational mechanism causing chronic pancrea-

titis. This kind of lesion should also be systematically

searched for in other populations, by QHPLC or other

techniques such as the multiplex ligation-dependent probe

amplification.22
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