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[2215G.A; IVS3+2T.C]
mutation in the SPINK1 gene
causes exon 3 skipping and loss
of the trypsin binding site
Previous studies have shown an association
between chronic pancreatitis (CP) and muta-
tions, especially the N34S mutation, in the
serine protease inhibitor Kazal type 1
(SPINK1) gene.1 2 The human SPINK1 gene
is approximately 7.5 kb long and consists of
four exons.3 The gene product consists of 79
amino acids, including a 23 amino acid signal
peptide. In exon 3, SPINK1 possesses a
reactive site that serves as a specific target
substrate for trypsin.4 It has been suggested
that SPINK1 mutations might result in altered
interaction between SPINK1 and trypsin,

thus affecting the protease/antiprotease bal-
ance within the pancreas.1 2 But the under-
lying molecular mechanisms remain unclear.
Splicing defects are estimated to account for
approximately 10–15% of disease causing
mutations in humans.5 Changes in the spli-
cing patterns and in levels of normal tran-
scripts lead to phenotypic differences. The
prevalence of splicing mutations in the
SPINK1 gene is unknown. Most reported
mutations have only been described at the
DNA level and have not been studied at the
mRNA level, mainly due to unavailability of
SPINK1 mRNA from patients.

We have recently shown that the
[2215G.A; IVS3+2T.C] mutation is asso-
ciated with familial and idiopathic CP in
Japan.6 7 Because the IVS3+2T.C mutation
affects the consensus splicing donor site,8 we
hypothesised that this mutation leads to
alternative splicing, resulting in decreased
SPINK1 function. To overcome the difficul-
ties in obtaining human pancreas samples,
SPINK1 mRNA was harvested from the
stomach, where SPINK1 is also abundantly
expressed,9 of (1) a 70 year old male A with
alcoholic CP carrying the homozygous
[2215G.A; IVS3+2T.C] mutation, (2) his
40 year old daughter B, a heterozygote who
had no abdominal complaints to date, and
(3) a 54 year old female C with idiopathic CP,
also heterozygous for the [2215G.A;
IVS3+2T.C] mutation. Total RNA was iso-
lated from biopsy specimen of the stomach.
The entire coding region of the SPINK1 gene
was amplified by reverse transcription-poly-
merase chain reaction (PCR) and sequenced.
Electrophoresis of the reverse transcription
PCR products from subjects carrying the
[2215G.A; IVS3+2T.C] mutation revealed
two bands: a fragment corresponding to a
normal (‘‘F1’’) and a truncated (‘‘F2’’) band
(fig 1). Sequencing of the truncated fragment
revealed complete deletion of exon 3. This
mutated protein was predicted to consist of
63 amino acids: deletion of amino acid
sequence from residues 30–64 and shifting
of the reading frame at amino acid 65.

To our knowledge, this is the first study
showing the splicing problem in the SPINK1
gene at the mRNA level. Northern blot
analysis revealed that the size of the SPINK1
transcript was identical both in the pancreas
and stomach,9 suggesting that exon 3 skip-
ping is also likely to occur in the pancreas. It
is logical to assume that skipping of exon 3
would result in functional loss of SPINK1,
thus affecting the protease/antiprotease bal-
ance within the pancreas. Of note, the
daughter of patient A carrying the hetero-
zygous [2215G.A; IVS3+2T.C] mutation
has not yet developed CP. Because this
mutation has not been found in healthy
controls,7 it is of interest to see whether she
will develop CP in the future. Recently, Le
Marechal and colleagues10 reported the
IVS2+1G.A mutation in a CP patient carry-
ing the P55S mutation in France. The
IVS2+1G.A mutation affects the consensus
splicing donor site of intron 2, implying a role
of another splicing variation. Further studies
using larger numbers of patients and differ-
ent types of mutations will establish the role
of splicing mutations in SPINK1 related CP.
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Neoadjuvant chemoradiation
treatment impairs accuracy of
MRI staging in rectal carcinoma
Neoadjuvant chemoradiotherapy (nCRT) is
considered one of the treatment modalities of
advanced rectal cancer (pT3/T4 or pN+) with
the intention of downsizing and downstaging
the tumour. Tumour restaging may be useful
for planning the operation but tissue altera-
tion after nCRT may disturb the accuracy of
the imaging procedures.

Between July 2004 and August 2005, we
analysed 28 consecutive patients (18 males,
10 females, ,63 years) with adenocarcinoma
of the middle and distal third of the rectum.
High spatial resolution magnet resonance
imaging (MRI) with intraluminary contrast
and endorectal ultrasonography (EUS)
(Olympus EU-M30S, 12 MHz) were per-
formed before and after nCRT as part of their

Figure 1 [2215G.A; IVS3+2] mutation
produced a truncated transcript. Total RNA was
isolated from the biopsy specimen of the
stomach, and the entire coding region of the
serine protease inhibitor Kazal type 1 (SPINK1)
gene was amplified by reverse transcription
polymerase chain reaction, followed by 2 %
agarose gel electrophoresis. Sm, size marker
(100 base pair ladders), WT, healthy control.
Patient A with alcoholic chronic pancreatitis
(CP) was homozygous for the [2215G.A;
IVS3+2T.C] mutation. His daughter B and
patient C with idiopathic CP were
heterozygous. In subjects carrying the
[2215G.A; IVS3+2T.C] mutation, two bands
were observed: a fragment corresponding to a
normal (‘‘F1’’) and a truncated (‘‘F2’’) band.
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