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INTRODUCTION

Cystic fibrosis (CF) is the most common autosomal

recessive disease in Caucasian populations affecting

about 1 in 2500 births. It is clinically characterized by

obstructive lung disease, exocrine pancreatic insuffi-

ciency, elevated sweat electrolytes and male infertili-

ty. The disease is caused by mutations (>1000) in the

cystic fibrosis transmembrane conductance regulator

(CFTR) gene, on the long arm of chromosome 7

(Riordan et al., 1989). The most common mutation is

a 3 base pair deletion, resulting in the loss of pheny-

lalanine at position 508 (¢F508).

The phenotype is highly heterogeneous among

patients, even between siblings carrying the same

mutations (Rowntree & Harris, 2003). The pheno-

typic variation may be caused by primary and sec-

ondary determinants. The primary source of varia-

tion is the high number of different mutations and

the possible interactions between them (Kiesewetter

et al., 1993). Furthermore, the modulation of the

severity of the disease may be explained by secondary

factors, such as other genes (modifier genes) and also

environmental effects (e.g. diet, socio-economical

status) (Kiesewetter et al., 1993; Rozmahel et al.,
1996; Zielenski et al., 1999; Rowntree & Harris,

2003).

CFTR genotype seems to be predictive of the

pancreatic status of the patients. Recent reports sug-

gest that two severe mutations (class I, II or III) are

required to cause pancreatic insufficiency (PI), whe-

reas patients with pancreatic sufficiency (PS) have at

least one mild mutation (class IV or V) (Kristidis et
al., 1992; Rowntree & Harris, 2003). About 90% of

the CF patients showed pancreatic insufficiency (The

Cystic Fibrosis Genotype-Phenotype Consortium,

1993). Moreover, pancreatitis is a rare complication

occurring in 1.24% of the CF patients, carrying a

wide range of mutations (De Boeck et al., 2005).

The main objective of this study was to test for

possible relative contribution of the pancreatitis asso-

ciated genes (cationic trypsinogen gene – PRSS1 –
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and pancreatic secretory trypsin inhibitor gene –PSTI–)

to the CF disease.

MATERIALS AND METHODS

Clinical data

Eighty-three unrelated CF patients were included in

this study. They originated from Northern Greece

and attended the CF unit of the Pediatric Depart-

ment of the Hippokration General Hospital of Thes-

saloniki, Greece. The diagnosis was based on clinical

manifestation, pulmonary and gastrointestinal status,

and on at least two abnormal values of the sweat

chloride test. The patients were classified as pancre-

atic sufficient (PS) and pancreatic insufficient (PI) by

biochemical tests in serum and by cationic trypsino-

gen levels.

Genetic analysis

Genomic DNA was extracted from whole blood sam-

ples of the patients by the phenol-chloroform proto-

col, and was screened for 11 common CFTR muta-

tions reported previously (Kalogeridis et al., 2001).

In the present study, the DNA was analyzed for 4

common mutations of the PRSS1 gene (R122H,

N29I, A16V and K23R) and 3 common mutations of

the PSTI gene (N34S, P55S and -215G>A). In par-

ticular, exons 2 and 3 of the PRSS1 gene, and exon 3

and promoter region of the PSTI gene were ampli-

fied by PCR. Primers for the PRSS1 gene were de-

signed in the lab, while primers for the PSTI gene

were those from the literature (Keneko et al., 2001)

(Table 1). PCRs were carried out in 50 Ìl reaction

mixtures and the conditions used for 30 cycles were

denaturation at 94ÆC for 35 sec, annealing at 58-65ÆC

(depending on primer pair) for 35 sec and extension

at 72ÆC for 60 sec. For the detection of mutations,

the PCR products of exons 2 and 3 of the PRSS1

gene and the promoter region of the PSTI gene were

digested with specific restriction enzymes (Table 1).

The digested products were analyzed on 8% poly-

acrylamide gels. Sequencing analysis was performed

for the PCR products of exon 3 of the PSTI gene by

the Sanger method.

232 Athanasios Kalogeridis et al. — Influence of the pancreatitis related genes on cystic fibrosis  

FIG. 1. Detection of the A16V mutation (PRSS1 gene) on

8% polyacrylamide gel. Sample 6 is homozygous for the

mutation, all the others are normal. M: marker pBR322.

TABLE 1. PCR primers and detection methods used

Mutation Gene Primers Method

R122H PRSS1 5′ tggctgtgggagaaggtctt 3′ RFLPs

exon 3 3′ tggtgcccagtgcagagtct 5′ (AflIII)

N29I PRSS1 5′ tagcagaaagcaatcacagg 3′ RFLPs

exon 2 3′ gttttcttctccaccacctc 5′ (HpyCH4III)

A16V PRSS1 5′ tagcagaaagcaatcacagg 3′ RFLPs

exon 2 3′ gttttcttctccaccacctc 5′ (Fnu4HI)

K23R PRSS1 5′ tagcagaaagcaatcacagg 3′ RFLPs

exon 2 3′ gttttcttctccaccacctc 5′ (AlwI)

N34S PSTI 5′ ccaatcacagttattccccagag 3′ Sequencing

exon 3 3′ gtttgcttttctcggggtgag 5′
P55S PSTI 5′ ccaatcacagttattccccagag 3′ Sequencing

exon 3 3′ gtttgcttttctcggggtgag 5′
-215G>A PSTI 5′ tttgagttcatcttacaggtgag 3′ RFLPs

promotor 3′ tatggcagatggcagcaagg 5′ (BglI)



RESULTS AND DISCUSSION

From the 83 CF patients, only one was found to be

homozygous for the A16V mutation (Fig. 1). This is a

C to T transition in exon 2 of the PRSS1 gene, lead-

ing to a change of alanine to valine at codon 16. It is

a substitution at the signal peptide cleavage site of the

cationic trypsinogen.

Cystic fibrosis is a disorder that results in a com-

plex spectrum of phenotypes. The amount of CFTR

protein required for each organ involved in the dis-

ease to remain phenotypically “normal” varies, and

similarly, the extent to which each organ contributes

to the CF phenotype varies substantially. This het-

erogeneity suggests that, except for the CFTR geno-

type, there are more factors involved in the determi-

nation of the phenotype, e.g. other genetic determi-

nants. A CF modifier gene for meconium ileus was

detected in 1999 on chromosome 19 (Zielenski et al.,
1999), and there is an ongoing effort to determine

other modifier genes. The aim of this study was to

test for the possible modifying role of the pancreati-

tis associated genes (cationic trypsinogen gene

–PRSS1– and pancreatic secretory trypsin inhibitor

gene –PSTI–) to the CF disease.

Our single patient, who was found homozygous

for the A16V mutation (Truninger et al., 2001) of the

PRSS1 gene, was also homozygous for the ¢F508

mutation in the CFTR gene (Kalogeridis et al., 2001).

He was a 20-year-old male, who belonged to the pan-

creatic insufficiency group, with positive sweat chlo-

ride test (90 mmol/l). According to the “Huang score

method” (Matouk et al., 1997) and other tests, his

lung function was extremely normal for a CF patient.

His PI status was in accordance with the fact that he

was homozygous for a severe CFTR mutant allele

(Kristidis et al., 1992). Moreover, it is known that

among patients with this genotype, a wide variability

of pulmonary function has been observed (Kerem et
al., 1990). Comparing the clinical data of all our 20

patients that were homozygous for the ¢F508, the

certain patient showed more severe pancreatic de-

fects.

What is the role of the A16V mutation identified

in a single CF patient? There could be two possibili-

ties: a) The A16V mutation represents a mere coinci-

dence, providing that it does not have any phenotyp-

ic-modifying effect on the CF disease. Thus, the clin-

ical phenotype of the CF patient is the result of his

homozygous status for the common ¢F508 CF muta-

tion; b) The PRSS1 gene may act as a modifier gene

in the pathogenesis of the CF disease. Even in CF

patients with the most severe PI genotype (¢F508 /

¢F508), the pancreatic status may be the result, not

only of a specific CFTR genotype, but also of the co-

existence of mutations in the CFTR gene and the

PRSS1 gene related to pancreatitis.

Although it seems more likely that the PRSS1

gene is not involved as a modifier in cystic fibrosis,

co-examination of CFTR and PRSS1 gene mutations

in a large number of CF patients could shed light on

possible gene interactions in the CF disease. Identifi-

cation of modifier genes will permit better under-

standing of the clinical heterogeneity of CF and,

thereby provide insights into prognosis and manage-

ment.
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