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Abstract
AIM: To verify and expand the known spectrum of 
serine protease inhibitor Kazal type 1 (SPINK1 ) gene 
mutations in chronic pancreatitis. 

METHODS: DNA extracted from 172 chronic pancreatitis 
patients was assayed for SPINK1  gene mutations by PCR 
and DNA sequencing. A control cohort of 90 unrelated 
healthy individuals was analysed by the same methods 
for presence of common populational polymorphisms, 
and frequency of five-loci haplotypes was calculated. 
Linkages of gene aberrations in single SPINK1  gene 
copies were analysed by long-distance PCR followed by 
allele-specific PCR and DNA sequencing. 

RESULTS: The most frequent SPINK1  gene mutation 
N34S was found at a frequency of 6%. Furthermore, we 
detected the heterozygous intervening sequence (IVS) 
3 + 2 T > C mutated gene in 2 German patients and 
1 Macedonian chronic pancreatitis patient. In all three 
SPINK1  gene copies an additional rare base substitution 
was found: 5’untranslated region (UTR)-215 G > A. Poly-
morphism analysis revealed that all three affected genes 
carried the same five-loci haplotype. DNA sequencing of 
another chronic pancreatitis-related gene PRSS1  (cationic 
trypsinogen) did not reveal any mutations in these 3 pa-
tients.

CONCLUSION: We found in 3 (2%) of 172 chronic 
pancreatitis patients an IVS3 + 2 T > C SPINK1  gene 
mutation and a base substitution 5’UTR-215 G > A in 

the same gene copy. Most probably the 5’UTR-215 G > 
A represents a rare polymorphism and not a mutation 
as previously concluded. Haplotype analysis suggests a 
common origin of the IVS3 + 2 T > C mutation in these 
patients. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
In approximately one-third of  all patients with chronic 
pancreatitis, no etiological factor can be found, and 
these patients are classified as having idiopathic disease. 
Recent genetic discoveries have added much to our 
understanding of  chronic pancreatitis[1]. The identification 
of  a clear’ gain-of-function’ mutation, R122H, in a 
cationic trypsinogen gene (PRSS1) that causes hereditary 
pancreatitis has been of  high significance[2]. Loss of  
trypsin inhibitor function may cause pancreatitis. Several 
studies have demonstrated mutations in the serine protease 
inhibitor Kazal type 1 (SPINK1) gene (MIM#167790), 
also known as pancreatic secretory trypsin inhibitor gene 
(PSTI). This gene is approximately 7.5 kb long, consists 
of  4 exons and is located on chromosome 5[3]. It encodes 
a polypeptide of  79 amino acids that is processed into a 
mature active protein consisting of  56 amino acids. Due to 
its molar ratio of  1:5 to trypsin, it inhibits about 20% of  
its activity. SPINK1 gene variations are clearly associated 
with chronic pancreatitis[4,5]. They are probably a disease 
modifying factor, possibly by lowering the threshold for 
development of  chronic pancreatitis caused by other 
genetic or environmental factors[4,6,7]. 

The most frequent mutation of  human SPINK1 gene 
is a heterozygous or homozygous missense mutation of  
codon 34 in exon 3 (c.101 A > G), and its incidence is 
about 80% in familial and idiopathic chronic pancreatitis[4,5]. 



Kalinin VN et al.  SPINK1 gene mutations in chronic pancreatitis						             5353

This mutation leads to an A to G transition resulting in 
substitution of  asparagine by serine (N34S). The high 
prevalence of  this mutation in chronic pancreatitis led to 
the hypothesis that the N34S mutation could reduce the 
antiproteolytic activity of  SPINK1 subjects[7,8]. 

To date, many variants of  the SPINK1 gene have been 
reported, however other mutations than N34S are rare 
(for an up-to-date list of  pancreatitis-associated SPINK1 
mutations visit the website[9]). Concerning other SPINK1 
gene sequence abnormalities, only two of  them can prob-
ably be recognised as true mutations. Mutation c.2 T > C 
(M1T) destroys the translation initiation codon[5]. The base 
substitution intervening sequence (IVS)3 + 2 T > C (also 
named c.194 + 2 T > C) destroys the splicing of  exons 3 
and 4, and was described in approximately 10 cases[9]. A 
splicing mutation IVS2 + 1 G > A (c.87 + 1 G > A) and 
the frameshift mutations c.27delC and 98insA, both de-
tected in single families, may be fatal for protein synthesis 
because of  preliminary termination of  the translation[10]. 
The base substitution 5’ untranslated region (UTR)-215 G 
> A in the untranslated 5’-region of  SPINK1 has been re-
ported in two Japanese chronic pancreatitis families up to 
now, but in no healthy individuals[11]. 
    The aim of  this study was to verify and extend the 
known spectrum of  SPINK1 gene mutations. We found 3 
chronic pancreatitis patients carrying an IVS3 + 2 T > C 
SPINK1 gene mutation together with a base substitution 
5’UTR-215 G > A in the same gene copy. Our finding 
implicates that the 5’UTR-215 G > A substitution most 
probably represents a rare polymorphism and not a 
mutation as previously concluded[11]. The same haplotypes 
in these genes suggest a common origin of  the IVS3 + 2 
T > C mutation in all 3 patients. 

MATERIALS AND METHODS
Patients and controls
This study was approved by the ethics committee of  the 
Chamber of  Physicians in Hamburg, Germany. Written 
informed consent was obtained from all patients for use of  
tissue and blood samples. One hundred and seventy-two 
patients with chronic pancreatitis who underwent surgery 
in the Clinic for General, Visceral and Thoracic Surgery, 
University Medical Center Hamburg-Eppendorf, Germany 
between 1992 and 2002 were included. Pancreatic disease 
was confirmed by histopathological evaluation of  all cases. 
Blood samples of  90 unrelated and healthy individuals 
(donors) were used as a source of  control DNA and for 
the study of  populational polymorphism. 

DNA extraction and PCR
Genomic DNA from peripheral blood leukocytes and 
tissue specimens was extracted and purified according 
to the established protocols using the QIAamp blood-
tissue kit (Qiagen, Hilden, Germany). All four exons of  
the SPINK1 gene were amplified by polymerase chain 
reaction (PCR) using Taq DNA-polymerase (Perkin-
Elmer, Foster City, USA) and oligonucleotide primers 
as previously described[5]. PCR products were analysed 
by electrophoresis on a 2% agarose gel and purified by 
the QIAquick spin PCR-purification kit (Qiagen). Direct 

DNA sequencing of  the PCR products was carried out 
using the BigDye terminators sequencing kit (Perkin-Elmer, 
Foster City, USA) and nested primers on an automatic 
sequencer ABI 377 (Perkin-Elmer). The presence of  
the 5’UTR-215 G > A substitution was also tested by 
performing BglI restriction endonuclease digestion and 
gel electrophoresis analysis. SPINK1 genes from chronic 
pancreatitis patients carrying the substitutions IVS3 + 2 
T > C and 5’UTR-215 G > A were amplified by PCR to 
generate two fragments (5’-UTR-exon 3 and exon 3-3’
-UTR). The long-distance PCR was performed in a 100 
µL reaction mix supplemented with the TaqPlus long 
polymerase mixture, a high-salt buffer (Stratagene, La 
Jolla, USA) and the following primers: SPINK1 pr-F 5’
-TTTGAGTTCATCTTACAGGTGAG and SPINK1 
3-R 5’-GTTTGCTTTTCTCGGGGTGAG, SPINK1 3-F 
5’-CCAATCACAGTTATTCCCCAGAG and SPINK1 
4-R 5’-CCAAAGTCCCCTGACCCTGG. PCR products 
were analysed electrophoretically on an 0.8%-1% agarose 
gel and purified as described above. Allele-specific PCRs 
were performed in a 100 µL reaction with 1 µL of  long-
distance PCR products as templates and Taq DNA-
polymerase. The following primers were used: Spl3-T-R 
5’-AAGAAACTCAAGTTTGTACTCA or Spl3-C-R 5’
-AAGAAACTCAAGTTTGTACTCG and SPINK1 pr-F, 
Pr-215G-F 5’-CATGTTTCAGGCCCACCTGG or Pr-
215A-F 5’-CATGTTTCAGGCCCACCTGA and SPINK1 
3-R for amplification of  the 5’ region of  the SPINK1 
gene; Spl3-T-F 5’-GTGTTATGTTTTGAAAATCGGT 
or Spl3-C-F 5’-GTGTTATGTTTTGAAAATCGGC 
and SPINK1 4-R for amplification of  the 3’ region of  the 
SPINK1 gene. The amplification was performed by 10-15 
PCR cycles using 0.5 units of  Taq DNA-polymerase. The 
products of  the allele-specific PCRs were analysed by gel 
electrophoresis on an 0.8%-1% agarose gel and purified as 
described above. For detection of  the IVS3 + 2 T > C and 
5’UTR-215 G > A substitutions and polymorphisms the 
amplified DNA was sequenced.

Haplotype analysis
The frequency of  polymorphic variations in the normal 
population was estimated from the results obtained from 
DNA sequencing of  the appropriate amplified DNA 
fragments which were extracted from leukocytes of  the 
peripheral blood from 90 healthy unrelated individuals (180 
alleles). The IVS2-352 A/G polymorphism was additionally 
assessed by MspI restriction endonuclease digestion. The 
distribution of  haplotypes in normal subjects for single-
nucleotide polymorphic loci (SNP’s) was calculated 
by the expectation-maximisation-algorithms (EM-
algorithms) described by Weir[12] for two-, three- and four-
loci haplotypes, and according to a method proposed[13] 
for two- to five-loci haplotypes. The comparison of  the 
calculated results and probabilities of  both methods led to 
concordant data. 

RESULTS
DNA sequencing revealed mutations in SPINK1 gene
To determine the frequency of  SPINK1 gene aberrations, 
DNA was isolated from consecutive surgical specimens 
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and blood samples of  172 patients suffering from chronic 
pancreatitis and analysed for SPINK1 gene mutations. The 
most frequent mutation found in the SPINK1 gene of  
chronic pancreatitis patients examined in our study was 
the N34S (A > G in position c.101), but with a rather low 
frequency of  about 6% (10 of  172 patients). 
    In 3 (2%) of  152 patients a heterozygous IVS3 + 2 T > C  
splicing mutation was detected. DNA sequencing revealed 
the presence of  another heterozygous base substitution in 
the same gene copy in the promoter region of  exon 1. The 
detection of  the 5’UTR-215 G > A substitution was also 
confirmed by BglI restriction endonuclease cleavage and 
subsequent gel electrophoresis analysis (Figure 1).

Both mutations IVS3 + 2 T > C and 5’UTR-215 G > A were 
present in the same gene copy
Genomic DNA from IVS3 + 2 T > C and 5’UTR-215 G 
> A carrying patients was amplified into two long DNA 
fragments (each about 4 kb) by long-distance PCR using 
SPINK1 gene-specific primers. To examine the linkage 

of  IVS3 + 2 T > C/5’UTR-215 G > A mutations and 
SPINK1 gene polymorphisms (Table 1), allele-specific 
PCR with a limited number of  cycles was performed. 
Whereas the discrimination of  alleles in the PCR reaction 
was incomplete, DNA sequencing could demonstrate the 
enrichment of  the A peak at the position 5’-UTR-215 of  
the product which was synthesized with the specific primer 
Spl3-C-R, and, accordingly, the enrichment of  the G peak 
of  the product which was synthesized with the specific 
primer Spl3-T-R (Figure 2). Concordant results were 
found for all three patients. Based on these findings, we 
concluded that both single-nucleotide substitutions IVS3 + 
2 T > C and 5’UTR-215 G > A were located in the same 
SPINK1 gene copy of  the diploid genome.

Family history of IVS3 + 2C/5’UTR-215A gene carriers was 
disclosed 
The investigation of  the relatives revealed that one patient 
inherited both gene aberrations of  the same SPINK1 gene 
copy from his mother. Interestingly however, the patient 
did not suffer from chronic pancreatitis but from celiac 
disease. These results might be a hint for a role of  SPINK1 
gene mutations in celiac disease. Unfortunately, the family 
history of  the other 2 patients was not available. 

Haplotype analysis suggested a common origin of IVS3 + 
2C/5’UTR-215A mutations
The haplotypes, composed of  f ive common SNP 
markers, were evaluated in a population of  90 healthy 
individuals (blood donors) and calculated by using an EM-
algorithm[12,13]. The observed frequencies of  15 out of  32 
possible haplotypes are presented in Table 1. The remaining 
17 haplotypes could not be found in any individual. 
Long-distance PCR followed by allele-specific PCR and 
subsequent DNA sequencing of  the IVS3 + 2C/5’UTR-
215A-mutant genes showed that all three genes carried 
the most frequent haplotype 1. In contrast, the haplotype 
of  the other IVS3 + 2C/5’UTR-215A-free SPINK1 gene 
copy of  the heterozygous gene set of  all three patients 

Table 1 Haplotype frequencies at five positions of the SPINK1  gene from 90 individuals (180 chromosomes) as estimated by 
EM-algorithm

Haplotype IVS2-352 A/G IVS3-1643 G/C IVS3-1568 C/A IVS3-476 T/G IVS3-321 C/T nhplt
1 Haplotype frequency2

  1 A G C T C  61 0.338889
  2 G G C T C  35 0.194444
  3 A G C T T   4 0.022222
  4 A G A T C   2 0.011111
  5 G G C T T   6 0.033333
  6 G G C G C   2 0.011111
  7 G G A T C   7 0.038889
  8 A G A T T   1   0.0055556
  9 A C A T C   2 0.011111
10 G G A T T  28 0.155556
11 G G A G C   1   0.0055556
12 G C A T C   4 0.022222
13 G G A G T   1   0.0055556
14 G C A T T  25 0.138889
15 G C A G T    1   0.0055556
Total 70/110 148/32 108/72 175/5 114/66 180                1.0

1 Estimated number of haplotypes. 2 The remaining 17 possible haplotypes could not be found in any individual.

Figure 1  Detection of 5’UTR-215 G/A heterozygote in SPINK1 gene by BglI 
restriction endonuclease cleavage. 1: untreated prF-1R PCR fragment; 2: normal 
(-215 G/G) prF-1R PCR fragment treated with BglI endonuclease; 3: heterozygote 
(-215 G/A) prF-1R PCR fragment treated with BglI endonuclease [M: marker 
(Boehringer-Mannheim marker Ⅷ); bp: base pairs].
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appeared to be random. One of  them represented 
the same most frequent haplotype 1, one belonged to 
haplotype 2 and the third to the relatively rare haplotype 
6. In spite of  the low number of  mutant samples, these 
findings suggested a common origin of  the IVS3 + 2C/5’
UTR-215A mutation in these patients. The conclusion of  
a common origin is supported by the assumption that 5’
UTR-215A is a rare polymorphism and not a mutation as 
previously proposed[11].

No mutations of PRSS1 gene could be detected in IVS3 + 
2C/5’UTR-215A carriers
DNA sequencing did not reveal any mutation in the other 
chronic pancreatitis-related gene PRSS1 in these three 
patients. 

DISCUSSION
The most frequent variation of  the human SPINK1 
gene is the heterozygous or homozygous c.101 A > G 
(N34S) transition representing about 80% of  all SPINK1 
aberrations found in familial and idiopathic chronic 
pancreatitis[4,5]. In our study we detected the N34S with 
a frequency of  6% in chronic pancreatitis patients. In 
accordance with previous reports, this substitution is 
also the most frequent mutation of  the SPINK1 gene. 
Other mutations of  this gene are rare, but may be of  high 
interest concerning the role of  SPINK1 in development 
of  hereditary chronic pancreatitis. More than 10 proposed	
SPINK1 gene mutations have been described until now[9]. 
However, to avoid incorrect interpretation, functional 
analysis has to be done to investigate the influence of  the 
suggested mutations on the activity of  the SPINK1 gene. 
Particularly, examination of  the artificially produced N34S 
mutant protein demonstrated no change in its trypsin-
binding ability differing from the wild-type protein[14]. On 
the other hand, an inactivating effect could be postulated 
a priori for other SPINK1 gene mutations, like IVS3 + 2 
T > C, that destroys the splicing site of  exons 3 and 4 
and consequently leads to inactivation of  the gene. We 
found three of  these IVS3 + 2 T > C SPINK1 mutations 
in two German and a Macedonian patient with chronic 
pancreatitis. Another base substitution, 5’UTR-215 G > A, 

was also detected in all three mutant gene copies and for 
the first time in Caucasians. Up to now this substitution 
has only been detected as a homozygous base substitution 
in two chronic pancreatitis patients from Japan. Supported 
by the fact that this abnormality has never been found 
in healthy controls it has been considered to be an 
inactivating SPINK1 gene mutation[11]. Furthermore, 1 
of  the 2 Japanese patients had a family history of  chronic 
pancreatitis. In our study, we only detected the 5’UTR-215 
G > A substitution in direct linkage with the known 
SPINK1 gene inactivating mutation IVS3 + 2 T > C. The 
probability of  the occurrence of  2 true mutations in the 
same gene copy seems to be rather seldom. Therefore, 
our conclusion is that the associated base substitution 5’
UTR-215 G > A in the same SPINK1 gene copy is a rare 
polymorphism rather than a mutation. This assumption is 
supported by the fact that this base substitution is located 
outside the known coding and controlling sequences of  
the SPINK1 gene[11]. 
    All 3 SPINK1 gene copies carrying these 5’UTR-
215A/IVS3 + 2C aberrations had an identical haplotype 
of  common polymorphism, namely haplotype 1. Although 
only 3 cases were discovered in our study, this finding hints 
for a single origin of  the IVS3 + 2C mutation in these 3 
patients. This can also substantiate that the 5’UTR-215 G 
> A base substitution is rather rare.
    Family data were available for one patient with 5’UTR-
215A/IVS3 + 2C mutant SPINK1 gene. This mutated 
gene was inherited from his mother who did not suffer 
from chronic pancreatitis, but from celiac disease. In some 
families the celiac disease was mapped close to the SPINK1 
locus on chromosome 5 (5q31)[15,16]. Our results might be 
the first data suggesting a role of  SPINK1 gene mutations 
in celiac disease. 
    The data from Kume et al[17] are compatible with our 
findings described in the present study. They showed that 
the 5’UTR-215 G > A and IVS3 + 2 T > C substitutions 
were in complete linkage in 9 of  116 pancreatitis patients. 
The published frequency of  8% in this report is higher 
than our incidence of  2% and suggests that the linkage 
of  both substitutions may rather play a role in Japanese 
patients[17]. It would be interesting to compare the 
haplotypes of  these mutant genes in both populations, 

Figure 2  Linkage between 5’UTR-215 G > A and IVS 3 + 2 T > C mutations in SPINK1 gene. A: sequencing of -215 G/A heterozygote; B: sequencing of IVS 3 + 2 T (normal 
allele) enriched by allele-specific PCR; C: sequencing of IVS 3 + 2 C (mutant allele) enriched by allele-specific PCR.
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Mongoloids and Caucasians, to evaluate the origin of  these 
mutations.
    Taken together, we found 3 chronic pancreatitis patients 
carrying an IVS3 + 2 T > C SPINK1 gene mutation 
and the rare base substitution 5’UTR-215 G > A in the 
same gene copy. Most probably, the 5’UTR-215 G > A 
substitution represents a rare polymorphism and not a 
mutation as previously concluded[11]. Future studies with 
a larger patient sample and functional analysis of  the 
SPINK1 gene mutations are required to closer evaluate our 
findings and increase our understanding of  their clinical 
manifestations.
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