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Abstract
Introduction—Germline mutations of the
STK11/LKB1 tumour suppressor gene
(19p13.3) are responsible for Peutz-
Jeghers syndrome (PJS), a rare genetic
disorder, which is dominantly inherited.
In addition to the typical hamartomatous
gastrointestinal polyps and perioral pig-
mented lesions, PJS is also associated with
the development of tumours in various
sites. No specific follow up has yet been
evaluated for gene carriers. Furthermore,
genetic heterogeneity has been reported,
which makes genetic counselling diYcult.
Methods—We report here the analysis of
the STK11/LKB1 locus in a series of 34 PJS
families, combining the search for muta-
tions and rearrangements in the coding
sequence, allele specific expression tests,
and linkage studies.
Results—Germline deleterious mutation
of the STK11/LKB1 gene were identified in
70% of cases. The hypothesis of a second
PJS locus was reinforced and PJS families
could be divided into two groups on the
basis of the presence or absence of an
identified STK11/LKB1 alteration. Analy-
sis of clinical data indicates that the
cancer associated risk is markedly diVer-
ent in the two groups. PJS patients with no
identified STK11/LKB1 mutation are at
major risk for proximal biliary adenocar-
cinoma, an infrequent tumour in the gen-
eral population.
Conclusion—Up to 30% of PJS patients
are caused by mutation in an unidentified
gene that confers high susceptibility to
cancer development.
(J Med Genet 2001;38:356–360)
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The Peutz-Jeghers syndrome (PJS) is an auto-
somal dominant disease with variable expres-
sion and incomplete penetrance. The diagnosis
is based on the occurrence of hamartomatous
gastrointestinal polyps and perioral pigmented
spots. Moreover, PJS patients are at increased
risk for tumours at several sites (colon,
pancreas, breast, ovary, testis, and cervix).

The PJS gene was mapped to chromosome
19p13.3 by linkage analysis. Recently, germline
mutations in the STK11/LKB1 gene have been
reported as a molecular cause of PJS.1 2 The
gene is divided into nine exons that encode a
433-aa protein, containing a serine/threonine

kinase domain. The protein has been proposed
to act as a tumour suppressor.3 4 Although most
of the tumours from PJS patients, even at an
early stage, exhibit loss of the wild type allele,
very few somatic mutations have been found in
sporadic tumours.5–12 This observation suggests
a frequent hamartoma-carcinoma sequence in
PJS that is rarely featured in sporadic tumori-
genesis.

While PJS is usually an early onset disease
with characteristic clinical features, the high
mutation rate, the lack of genotype-phenotype
correlation, and the existence of a possible sec-
ond locus makes individual predictive genetic
testing diYcult.13 14 However, identification of a
germline mutation in an index case allows the
initiation of specific screening programmes for
genetically aVected kindreds.

We report here the results of a detailed phe-
notypic analysis and a systematic characterisa-
tion of the STK11/LKB1 locus in a series of 34
unrelated PJS families referred from diVerent
regions of France.

Patients and methods
PATIENTS

A total of 34 unrelated patients exhibiting
extensive intestinal hamartomatous polyposis
was referred to the laboratory for genetic
analysis for PJS. The histological aspects of PJS
polyps were unambiguous in all cases.

Clinical data were collected through patient
interviews and hospital notes (table 1).
No family data were available in two cases
and 20 cases occurred without a previous
family history, five of them having aVected oV-
spring.

Blood samples and informed consent were
obtained from the patients and their relatives.
DNA was extracted from 10 ml of peripheral
blood using the Nucleon™ BACC I kit (Amer-
sham France, Les Ulis) according to the
manufacturer’s recommendations. Lympho-
blastoid cell lines could be established for some
samples. RNA was extracted from 107 lym-
phoblastoid cells using the RNA BTM isolation
kit (Quantum).

DNA samples from 24 unrelated subjects
from the CEPH family panel were added as
controls.

SEARCH FOR GERMLINE ALTERATIONS

The search for STK11/LKB1 mutations was
performed on genomic DNA after PCR
amplification of all nine exons and adjacent
intronic sequences (for primers see table 2),
purification on BioMag® carboxyl-terminated
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beads (Bio Advance), and sequencing using
Prism® ready reaction dye terminator cycle
sequencing kits and an ABI310 automated
sequencer (Applied Biosystems Inc, Les Ulis).
When a DNA variation was found, all available
relatives of the corresponding family were
tested.

The pair of primers 3L-8R was also used to
amplify a large DNA fragment containing the
genomic region from exon 3 to exon 8, which
was electrophoresed on 1% agarose gels.

ALLELE SPECIFIC EXPRESSION TEST

Reverse transcription was performed on 1 µg
of total RNA using a T16 primer; PCR
reactions were done on cDNA using a pair of
primers located in exon 8 and 3'UTR respec-
tively: 5'- CTACACTCAGGACTTCACGG
and 5'- CAGCAGGGGAGGCCAGGGAA.
PCR products, of an expected size of 1050 bp,
were sequenced.

MICROSATELLITE POLYMORPHISM GENOTYPING

Three microsatellite loci localised close to the
STK11/LKB1 gene, D19S814, D19S536, and
D19S886 (GDB comprehensive map), were
genotyped after PCR amplification in a final
volume of 20 µl. Amplified products (1 µl of
each) were electrophoresed in 6% polyacryla-
mide sequencing gels (7 mol/l urea and 32%
(v/v) formamide, acrylamide:bisacrylamide
29:1), then briefly transferred by capillary
blotting onto a Hybond N+ nylon membrane
(Amersham, France). Membranes were hy-
bridised with a 3' labelled (CA)12 oligonucle-
otide that enabled the simultaneous detection
of all amplified alleles, using the ECL direct
nucleic acid labelling and detection system
(Amersham, France, Les Ulis). Genotyping
data were scored by comparison with the two
reference DNA samples, CEPH134702 and
CEPH88415. In each family, the probability
for the disease to be linked to the STK11/LKB1

Table 1 Clinical and family data of PJ patients

Ped
No

Age at
diagnosis

No of
aVected

Perioral
pigment

Hamartomatous lesions Carcinomas

Stomach Duodenum Colon Ovary Cervix Breast Kidney Liver Pancreas Duodenum

9 Child >3 + + + − + Father/gt
uncle

Aunt/gd
father

69 Child 3 + + + +
118 Infant >2 + − + −
128 Child >1 − − + +/

adenomas
+

199 Child >3 + − + − + Mother
229 Infant >3 + − + −
232 Child 1 + − − +/

adenomas
277 Adult >4 + − + − Aunt Gd

father
418 Child >3 + − + +
419 Child 1 + + + +
442 Child 1 + + + +
494 Child 2 + + + +/

adenomas
+ Father

571 Child >2 + + + +
622 Child 1 + + + −
626 Child 1 + + + −
687 Child 1 + + + + Mother
749 Child 2 + − + +
795 Child >3 + − + − Gd father Mother
842 Child >2 + − + + +
919 Adult 1 + − + +
1002 Child 2 + − + −
1216 Adult 2 + + + +
1475 Child 1 + + + +
2174 Infant 1 − − + −
2191 Child 1 + + − +
2234 Child >2 + − + +
2295 Child >4 + + + + Mother Mother Aunt
2472 Adult >1 − − + + +
2494 Child >4 + − + − +/Sister Father
2653 Adult 1 + + + +
2678 Adult 1 + − + + +
2688 Child 1 + + + + +
2708 Adult 1 + − + +
2733 Child 1 − + + + +

Table 2 Amplimers used for genomic PCR amplification of the STK11/LKB1 coding region

Exons Amplimers

1 5'-ACAATCGTTTCTGTTGGAAG & 5'-CCAGCTCAGGGTGTTAAGAG
2 5'-CACTGTGAACTCACAGCTTCTC & 5'-AGCCATTGCCACAATGGCTGACTTC
3 5'-CCTGAGCTGTGTGTCCTTAGCG & 5'-ATATCAGGACAAGCAGTGTG
4, 5 5'-GTGTGGCTCCCTGCTGGACCTAGCCTTTC & 5'-TACATTTCCATAAAGTAAGCACCCCCTA
6 5'-CGTCAACCACCTTGACTGACCACG & 5'-CCTGCTGGGGTCTCGGGGCCAATAG
7 5'-TTAGGAGCGTCCAGGTATCACCC & 5'-ACCCCCACCACGCCCTGCTCTAGCG
8 5'-GAGGACATGGCTGAGCTTCTGTGGT & 5'-AAGCTGTCCTTGTTGCAGACA
9 5'-CAGCATTTCAGGCTGGATACACCT & 5'-ACGGTCACCATGACTGACTA
3'UTR 5'-TGTGGGGACAACGCCTGGA & 5'-CAGCAGGGGAGGCCAGGGAA
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locus was calculated using the MLINK option
(two point lod score) of the LINKAGE
package.

Panel 11 of the ABI Prism® linkage mapping
set LD20 (Applied Biosystem Inc, Les Ulis)
was used to verify Mendelian segregation in
case of de novo occurrence of the disease.

PHENOTYPIC ANALYSIS

Families were subdivided into two groups,
according to the presence or absence of muta-
tion at the STK11/LKB1 locus. Subjects were
scored as aVected when they were carrying a
mutation (first group) and when they were
clinically aVected or obligate carriers (second
group). The presence or absence of carcinoma
was independently recorded. Association
analyses were done with a chi-square test
(StatView for MacIntosh).

Results
IDENTIFICATION OF STK11/LKB1 VARIANTS

Sequencing of the nine exons and the adjacent
intronic regions led to the identification of 35
diVerent variants in the 34 PJS patients and 11
in the 24 control cases. The 35 cases consisted
of 17 mutations predicted to alter the open
reading frame (three nonsense mutations, nine
frameshift mutations, and five mutations in
consensus splicing sites) and seven mutations
of a priori unknown biological consequence
(two in frame deletions and five missense
mutations) (table 3). The remaining 11 vari-
ants were identical to those observed in
the control population; they were all located in
the 3'UTR region and the intronic sequences
and were therefore considered as unrelated
to the disease phenotype and called SNPs
(table 4).

Amplification of the genomic fragment from
exons 3 to 8 did not show any abnormality. For

22 of the 24 unique variants, it was possible to
study multiple members of the corresponding
family, and the DNA variants were not present
in unaVected persons. In the 10 families
containing at least two aVected persons, all
DNA variants were shown to cosegregate with
the disease. In 10 out of 15 mutations found in
patients without a previous family history of
PJS, absence of the DNA variation in both par-
ents of the proband, as well as Mendelian seg-
regation of 11 polymorphisms, could be ascer-
tained, thus showing the de novo occurrence of
these mutations.

ALLELE SPECIFIC EXPRESSION ASSAY

DNA from 17 aVected patients from the 10
families in which no mutation had been
detected was tested for the 3'UTR polymor-
phisms. In seven families one or more aVected
patient was found to be heterozygous for at
least one polymorphism. One heterozygous
patient per family was selected for an allele
specific expression assay. Double strand se-
quencing of RT-PCR products did not show
unbalanced expression of the two STK11/
LKB1 alleles (table 3).

LINKAGE ANALYSES

Six of the 10 patients for whom no mutation
could be detected were familial cases and were
subsequently selected for linkage studies.
DNA from both parents of a sporadic case was
available and this family was added to the six
others. A total of 37 DNA samples were geno-
typed for the three microsatellite polymor-
phisms D19S814, D19S536, and D19S886
and for the 11 intragenic SNPs. Positive lod
scores were obtained in four families (9, 494,
571, and 795). Families 199 and 842 were
clearly unlinked to the STK11/LKB1 locus,
with two point lod scores of −2.40 and −2.32
respectively (table 3). Mendelian inheritance
was maintained in both familial and sporadic
cases.

PHENOTYPE-GENOTYPE ASSOCIATION

In the 24 families with STK11/LKB1 mutation
(group 1), there were 43 gene carriers, all clini-
cally aVected with symptomatic hamartoma-
tous gastrointestinal polyps. In addition to
hamartomatous polyposis, carcinomas at a
young age (< 50 years) were detected in 19% of
the gene carriers, with several locations (three
breast, one small intestine, two renal, and two
pancreatic carcinomas). In contrast, the 10
families without mutation (group 2) contained
four obligate carriers (from four diVerent fami-

Table 3 Germline mutations of the STK11/LKB1 gene

Ped No Exon
Nucleotide
change

Amino acid
consequence

Biallelic
expression

Two point lod
score

9 Y +0.30
69 5 725G>A G242V −
118* 1 200T>G L67R −
128 5 666del 222FS −
199 Y −2.40
229* 7 908del9 303del3 −
232 Y
277 1 180C>G Y60X −
418 1 169del 57FS −
419 2 354C>A Y118X −
442 5 IVS5+1g>a
494 Y +1.02
571 Y +0.84
622 3 407T>G M136R −
626 6 789del4 263FS −
687 1 153del3 52del −
749 6 753del 251FS −
795 Y +1.50
842 Y −2.42
919 5 636del5 212FS −
1002 8 957del2insT 319FS −
1216 2 350insTTTG 117FS −
1475 5 724G>T G242W −
2191 1 IVS1+1g>a
2234 5 IVS4-2a>t
2295 6 841del 281FS −
2472 4 IVS3-2a>g
2494 3 396C>A C132X −
2653 6 IVS5-1g>a
2708 6 744del 248FS −
2733 4 545T>C L182P −

*Previously reported by Hemminki et al.1

Table 4 Polymorphisms of the STK11/LKB1 gene

Exon Nucleotide change Allele frequencies

1 IVS1+36g>t 0.75/0.25
2 IVS2+24g>t 0.875/0.125
3 IVS3+49ins7 0.89/0.11
4 IVS3-51c>t 0.27/0.73
7 IVS6-8c>t 0.99/0.01
7 IVS7+7g>c 0.78/0.22
9 3'UTR+129c>t 0.70/0.30
9 3'UTR+259g>t 0.70/0.30
9 3'UTR+506g>a 0.95/0.05
9 3'UTR+633c>t 0.95/0.05
9 3'UTR+677t>a 0.95/0.05
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lies) exhibiting perioral pigmentation as the
only manifestation of PJS and 16 symptomatic
subjects, including 11 who had developed a
carcinoma (two breast, four small intestine,
four hepatic hilum, and one cervix) (table 1).
Chi-square analysis of the data indicated
significant diVerences in gastrointestinal ex-
pressivity (p=0.01 with correction) and in can-
cer associated risk (p=0.0002) between the two
groups, the risk being very high for proximal
bile duct adenocarcinoma in group 2 when
compared with group 1 and the general popu-
lation (life time risk=0.1-0.2‰, p<0.0001).

Discussion
Genomic DNA sequencing of the STK11/
LKB1 gene allowed the identification of 11
SNPs and 24 germline variants in a series of 34
well documented PJS patients. Seven of the
latter were not predicted to lead to the synthe-
sis of a truncated protein. The 200T>C muta-
tion (family 118) changed the normal Leu67

into Pro67, and thus disrupted the highly
conserved kinase core domain; in addition, this
variation and 908del9 (family 229) were each
present in three aVected relatives. The five
other variations (table 3) were de novo events
that were detected in patients without a previ-
ous family history of PJS and cosegregated with
the disease in oVspring (family 69). Thus, all
24 variants were considered to be mutations
responsible for PJS.

Additional genotyping of 11 biallelic and
three microsatellite polymorphisms, located
within or close to the STK11/LKB1 gene, con-
firmed the presence of a second PJS locus in at
least two out of six familial cases. Mendelian
segregation was validated in all informative
cases, excluding the presence of null alleles.
Moreover, PCR amplification of genomic
DNA from exons 3 to 8 did not show abnormal
fragments that might indicate internal gene
deletion, but this approach precludes the
detection of large rearrangements involving the
5' and/or 3' part of the gene. No allelic
imbalance was found in RNA samples from
seven unrelated patients of the 10 families
without identified mutation, including one of
the two unlinked cases. Taken together, these
observations suggest that both STK11/LKB1
alleles were normally expressed, supporting the
fact that they were not altered in the corre-
sponding families. These data reinforce our
previous linkage analyses and LOH studies
using the D19S886 polymorphism, which
indicated possible genetic heterogeneity in
PJS.13

These combined analyses led to the identifi-
cation of a STK11/LKB1 germline alteration
in 70% of PJ patients, 15 of them being de
novo mutations. Of the 10 cases without
STK11/LKB1 alteration, five were sporadic, a
proportion consistent with that observed in
the case of mutation. Conversely, expressivity
of the genetic defect appeared more severe;
although four obligate carriers exhibited peri-
oral pigment spots as the unique manifestation
of the disease, 11 out of 16 symptomatic sub-
jects developed a carcinoma, including four
primitive biliary adenocarcinoma, which are

rare tumours in the general population.
Because all four carcinomas occurred in fami-
lies compatible with 19p linkage, they might
be associated with mutations in the STK11/
LKB1 gene that escaped detection. However,
aVected patients in these families appear to
have normally expressed STK11/LKB1 alleles.
Although a recent compilation of reported
carcinomas developing in a context of PJS did
not show such a high frequency of biliary tract
tumours,15 close study corroborates our obser-
vation. Familial Cowden disease (CD), famil-
ial Bannayan-Riley-Ruvalcaba syndrome
(BRRS), and CD/BRRS overlap families have
been screened for PTEN mutation. The
significantly reduced mutation frequency in
BRRS specific families, as had been already
noted in cases of sporadic BRRS, suggested to
the authors that this syndrome could be
related to a specific genetic defect or another
locus.16

In conclusion, the high frequency of cancers
and the variations in the tumour spectrum of
STK11/LKB1 negative PJS families, together
with the presence of genetic heterogeneity,
illustrate a severe variant of the disease caused
by mutations in the putative second gene.
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