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Background and aims: Peutz-Jeghers syndrome (PJS) is a dominantly inherited disorder often caused by
mutations in STK11. Time to onset of symptoms was characterised for a large collection of individuals with
PJS who had been tested for STK11 mutations and genotype–phenotype correlations were evaluated.
Methods: We characterised mutations in 42 independent probands and also used a historical cohort
design to study 51 individuals with Peutz-Jeghers syndrome who had completed self-administered
questionnaires.
Results: Mutations were detected in 22/32 (69%) probands with PJS and 0/10 probands referred to rule
out PJS. Real-time PCR analysis to quantitate DNA failed to detect any large deletions in PJS participants
without STK11 mutations. The median time to onset for gastrointestinal symptoms or polypectomy was 13
years of age but showed a wide variability. Gastric polyps were frequent in PJS participants, with a
median age at onset of 16 years. Individuals with missense mutations had a significantly later time to onset
of first polypectomy (p = 0.04) and of other symptoms compared with those participants either with
truncating mutations or no detectable mutation.
Conclusion: STK11 mutation analysis should be restricted to individuals who meet PJS criteria or their close
relatives. Direct sequencing of STK11 yields a high rate of point mutations in individuals who meet
phenotypic PJS criteria. Individuals with missense mutations of STK11 typically had a later time to onset for
PJS symptoms. The common occurrence of gastric polyps may facilitate chemopreventive studies for this
disorder.

P
eutz-Jeghers syndrome (PJS) is a rare dominantly
inherited disorder. The estimated frequency of the
syndrome varies from 1/29 0001 to 1/120 000.2 It is

characterised by gastrointestinal (GI) hamartomatous polyps
and mucocutaneous pigmentation.3 4 A previous review
found that 96% of patients develop hamartomatous polyps
of the small bowel and polyps also commonly occur in the
colon and stomach.5 Hamartomatous polyps can cause
abdominal pain and self-limiting intussusception, sometimes
causing bowel obstruction and severe gastrointestinal bleed-
ing.6 In addition, buccal hypermelanocytic lesions were
reported to occur in 93% of individuals with PJS.7 Because
hyperpigmentation in PJS patients often fades with age,1 this
sign is not necessarily reliably present for patients identified
in adulthood.

Symptoms from polyps have a variable time to onset,
which has not been well characterised. One study of 30
Korean patients found a median age at onset of first GI
symptom of 12.5 years.7 Individuals with PJS have an
increased risk for adenocarcinoma of the GI tract and
extraintestinal malignancies such as breast, pancreas, and
reproductive organs, particularly at early ages.8–11

The only known cause for PJS is mutation in STK11
(alternatively known as LKB1) on chromosome 19p13.3.12 13

However, linkage studies suggest that a minority of families
with PJS do not have STK11 mutations14 and loci on
chromosomes 19q15 and 6q16 have been suggested in a few
families. Specific genetic factors other than STK11 have not
yet been identified. Although an STK11 interacting protein
(STK11IP) has been identified on chromosome 2, no
mutations have yet been found in this or other candidate
genes.17

Information is lacking about the natural history of PJS
and its relationship to STK11 mutations. We, therefore,

implemented a historical cohort study to estimate time to
onset of gastrointestinal symptoms such as abdominal pain,
first GI bleeding, first intestinal intussusception, first detec-
tion of gastric polyps, first detection of non-colonic polyps,
and polypectomies in PJS individuals. We also compared time
to onset of PJS-affected individuals with and without
detected STK11 mutations.

METHODS
The study population included five probands with Peutz-
Jeghers syndrome who were seen at the University of Texas
M.D. Anderson Cancer Center, four probands from the M.S.
Hershey Medical Center, Penn State College of Medicine, four
probands referred by an onco-genetics service at the Sheba
Medical Center in Israel, and 33 probands recruited through
referrals to the University of Texas M.D. Anderson Cancer
Center either from our website or from gastroenterologists
and genetic professionals. Confirmed sporadic cases (n = 11)
were defined as having no family history of Peutz-Jeghers
syndrome, two or more hamartomatous polyps, and muco-
cutaneous hyperpigmentation. An additional three sporadic
patients failed to meet the PJS criteria because we could not
obtain documentation to show that they had hamartomatous
polyps of the small bowel. These probands were labelled as
likely to have PJS because they reported polyposis, had
hyperpigmentation, and were referred by a medical profes-
sional. An additional three sporadic cases were labelled as
possible PJS because they lacked documentation of two
hamartomatous polyps and were self-referred or lacked
hyperpigmentation. We identified seven confirmed familial
cases that met the same criteria as the sporadic confirmed
cases and also had a family history of Peutz-Jeghers

Abbreviations: GI, gastrointestinal; PJS, Peutz-Jeghers syndrome
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syndrome in a first degree relative. One familial case lacked
hyperpigmentation but we classified this subject as a
confirmed case based upon many documented PJS polyps.

An additional seven familial cases were labelled as likely
because we did not obtain documentation from them. One
suspected PJS case was included as a likely case because this
subject had mucocutaneous hyperpigmentation and reported
relatives with breast and colon cancer, including a sister with
hamartomatous polyps and breast cancer. Blood samples
were obtained from 32 PJS probands and 19 PJS affected
relatives of these probands. Questionnaire data and sequence
information were available from 10 individuals who were
referred to rule out PJS. Included in this group were: two
patients with breast cancer and a family history of cancer
(one case was referred for p53 testing based upon a family
history of very early onset breast cancer); one case with
hyperplastic and hamartomatous polyps along with skin cysts
who was referred for PTEN testing; five cases with a history
of hyperpigmentation and GI symptoms but no history of
polyposis (one case was deemed possible coeliac disease); one
patient with a rectal hamartoma but no pigment; and one
patient with a history of only hyperpigmentation. We were
interested to identify whether some individuals with STK11
mutations might present with a milder spectrum of
phenotypes insufficient for diagnosis of Peutz-Jeghers
syndrome and so tested these individuals for STK11
mutations.

All participants were enrolled on an Institutional Review
Board-approved protocol. Participants were asked to provide
a detailed personal medical history questionnaire and blood
after signing informed consent forms. We used a self-
administered questionnaire to collect information from both
affected and unaffected family members, on which partici-
pants indicated the age at which they first had gastrointest-
inal symptoms, their first polypectomy, and other symptoms
of PJS. At the same time we requested medical history
information and access to pathological reports from all
affected individuals. At least one family member was asked
to fill out a detailed family history questionnaire. We
recontacted participants who did not complete information
about polypectomies. We obtained medical records from 30 of
the 52 PJS cases.

Mutation analysis
For affected persons who gave blood, we directly sequenced
STK11 (LKB1) using the primers presented in table 1 to
search for mutations in exons 1–3 and 6–9, while exons 4 and
5 and the intervening intron were jointly sequenced.12 We
modified the prior protocol of Jenne et al12 to split exon 1 into
two segments. We did not sequence exon 10, which is in the
39 untranslated region. The PCR fragments were amplified
using primer pairs specific for each of the nine exons, in a
30 ml reaction mixture. The PCR products were mixed with
20 U of exonuclease 1 and 4 U of shrimp alkaline
phosphatase and incubated at 37 C̊ for 15 min and then at
85 C̊ for 15 min to remove the unused primers and residual
dNTPs. The products were subjected to electrophoresis in
1.5% agarose gels in TBE. Ethidium bromide was used to
visualise the PCR products and to determine the fragment
length and concentration. The DNA sequences of PCR
products were sequenced in both directions using the
forward and reverse primers. Sequencing was performed
with an Applied Biosystems model 377 sequencer. We used
the software application Polyphred (Phred, Phrap, and
Consed) to detect polymorphisms and mutations.18–22 We
also visually checked all sequence runs to search for
mutations that might have been missed by Polyphred
analysis (none were found). When mutation detection
identified a case in a family, all other relatives who showed

features of PJS were assumed to have the same STK11
mutation. Positive findings were verified in an independent
CLIA certified laboratory, either at the U.T. M.D. Anderson
Cancer Center or by GeneDx (Gaithersburg, MD, USA; http://
www.genedx.com/) so that the results could be disclosed to
the proband’s identified health care professional. There was
complete concordance in mutation detection between the
laboratories, except in one case in which a questionable
missense mutation from analysis only in the forward
sequencing direction (the reverse direction was negative)
was definitively excluded by GeneDx.

For the 22 persons who had PJS, or were referred to rule
out PJS, and who did not show detectable mutations from
direct sequencing of STK11 exons, we searched for larger
deletions using real-time PCR. We designed the real-time
PCR primers and probes for exon 1, exon 2, and exon 6 as
shown in table 2. Blood DNA from a normal unaffected
person was used as control. We used 12.5 ng of template,
900 nM of each primer, and 10 mM probe. Multiplex PCR for
both the STK11 gene and RNase P gene as internal control
were performed on an ABI Prism 7700 Sequence Detector
(Applied Biosystems, Foster City, CA). A comparative (DDCT)
method was used for relative quantitation of the gene copy
number as suggested by the manufacturer.23

Statistical analysis
We used STATA software (STATA, College Station, TX, USA)
for Kaplan-Meier analysis to characterise the time to onset of
GI symptoms, polypectomies, gastric polyps, and intussus-
ceptions, as shown in figs 1–4. The log-rank test was used to
test whether the time to onset of these symptoms varied by
proband status (or was a relative in the pedigree), whether
the case was familial or sporadic, and to compare participants
with known STK11 mutations to those without detected
mutation. We present analyses both without adjustment for
possible correlation among the family members and after
adjustment for family membership. For this adjustment, we
used a sandwich estimator to correct for the common family
membership of some participants24, in the presence of
familial correlation with respect to time to onset. Data from
individuals who failed to report an age at onset of any
particular sign or symptom were deleted from the analysis of
that condition. On figs 1–4 we indicate the times at which
individuals were censored (that is had not yet shown the
condition of interest by their current age). The figures show
the number of individuals censored at each age by including
that figure above the time to onset line.

RESULTS
Summary characteristics of all participants who provided
blood and completed questionnaires are shown in table 3. Of
the probands, 15 had at least one other relative with PJS,
while 17 were sporadic. We did not obtain histologic
confirmation of two or more hamartomatous polyps from
seven familial probands and six sporadic probands reported
to have PJS. There were eight families in which either the
proband or relatives had carcinomas. The relatively low
proportion of cancers in the individuals we studied may
reflect the relatively young ages of participants in our study.
Of the familial probands 53% (8/15) were females while for
the sporadic probands 53% (9/17) were females. We obtained
pathologicial confirmation from one of six referrals from
genetic counsellors, 12 of 14 referrals from gastroenterolo-
gists, four of five referrals from geneticists, and two of seven
self-referrals. Perhaps the lower rate of confirmation that we
were able to achieve in referrals from genetic counsellors
reflects the referral patterns in which genetic counsellors see
patients from multiple sites. In some cases, we were not
provided with sufficient information to retrieve documents.
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We detected pathological mutations in 69% of indepen-
dently tested probands (22/32). Of the detected mutations,
six (27%) were missense mutations, six (27%) were inser-
tions, four (18%) were deletions, four were nonsense (18%),
one (5%) affected a splice site, and one was likely to
introduce alternate splicing. This proband had a silent
mutation from GCG to GCA in codon 347 of exon 8 that
may introduce a cryptic splice site. Interestingly, exon 8 uses
the alternate (low-affinity) splicing acceptor sequence gca
and it is possible that the cause of PJS in this individual (who
developed an oesophageal carcinoma) might be aberrant
splicing of this exon. Because the pathological significance of
this variant is uncertain, we excluded data from this subject
when comparing time to onset of symptoms of PJS according
to whether participants were or were not carriers of known
mutations in STK11.

For six patients we identified only polymorphic variants (in
introns) and for four patients no mutations or polymorph-
isms were detected, so that in all 10/32 (32%) did not have
detectable mutations by sequence analysis. Of these, one is
family 4 in our linkage study from which we previously found
evidence for linkage to 19p13.3.25 In addition to the
participants from independent families, we also had ques-
tionnaire data from 19 PJS-affected participants in families,
so that 51 participants in all had known mutation informa-
tion and questionnaire data.

The inclusion criteria that we have used in this study could
be deemed excessively liberal. Among those for whom we
had confirmed PJS diagnoses, the proportion testing positive
was 79%. Mutations were detected in 73% (8/11) of patients
who we scored as likely to have PJS. Notably, none (0/3) of
those that we have scored as possible PJS in table 3 tested
positive for STK11 mutations. Possible status was assigned to
these three patients because of a lack of confirmation of PJS
polyps and a lack of hyperpigmentation (ID 41), self-referral
(ID 38), and confirmation of only a single PJS polyp found
after four polypectomies (ID 59). We failed to detect any
mutations among the nine participants who were referred by
genetic counsellors to rule out PJS based upon features

possibly consistent with PJS such as a family history of
cancers or a single polyp.

Protein modelling to evaluate missense mutations
Protein models of STK11 were used to analyse the impact of
missense mutations on STK11 structure and function.
Homology modelling was utilised to obtain a preliminary
structure based on three kinase (1ATP, 1KOB, 1AQ1)
templates.15 Although these models rely on a predicted
STK11 structure, they can be of great benefit in under-
standing the role of STK11 mutations in Peutz-Jeghers
syndrome. Mutations R304W (ID 61) and L67P (ID 34) have
been shown to disrupt auto-phosphorylation activity.13 15 The
F354L (ID 9) mutation has been reported, however, its
impact on STK11 activity is unknown.26 It is important to
note that the F354L mutation occurs in the C-terminal region
of the protein. This region contains a CAAX box, which is a
consensus sequence for prenylation.27 Also, the C-terminal
region contains serine and threonine residues that are
phosphorylated.28 Thus, mutations in the C-terminal region
might interrupt phosphorylation and post-translational
events critical for STK11 activity. In our study, this mutation
was found in an extended family including many affected
relatives and the change cosegregated perfectly with disease
in our earlier linkage analysis.25

The Q170P (ID 1) mutation occurs near the end of an
a-helix in the kinase domain. Typically, the introduction of
proline in an a-helix induces a bend in the helix. The Q170P
mutation is likely to induce a bend near the C-terminal end of
the a-helix. This bend may impact on substrate interactions
and catalytic activity. This mutation was detected in a very
large family that has been the basis of its own report29 and
which shows cosegregation with PJS. A missense mutation
next to codon 170, G171S, has been reported.26 The N181E
mutation (ID 32) occurs near the active site of STK11. The
proximity of the mutation to the active site and the
replacement of a polar amino acid with a charged one could
impact on the protein’s kinase activity. A mutation in codon

Table 1 Primers for exon-specific sequencing

Exon Forward primer Reverse primer

1 (1st half) 59-GGTCCCCGAGGACGAAGTTGA 59-ATCAGGTACTTGCCGATGAG
1 (2nd half) 59-TCATCTACCAGCCGCGCCGCAA 59-ACCATCAGCACCGTGACTGG
2 59-TCGCCGGCCGATGACAGA 59-AAGGAGACGGGAAGAGGAGCAG
3 59-GAGGAGGGGCAAGGTGGGT 59-GTGTGGCCTCACGGAAAGGAC
4 59-AGCTGGGCCTGTGGTGTTTG 59-CAGAGGCCCCTCGGAGTGTG
5 59-AGCTGGGCCTGTGGTGTTTG 59-CAGAGGCCCCTCGGAGTGTG
6 59-TCAGTCCTCTCAATGCCTGCTG 59-GCCTCTGTCCCTGGGGTAGA
7 59-GCGGGGTCCCCCTTAGGAG 59-CTAGCGCCCGCTCAACCAG
8 59-GGAGCTGGGTCGGAAAACTGGA 59-TGCTCCCGTGGGACATCCTG
9 59-GTAAGTGCGTCCCCGTGGTG 59-GTGGCATCCAGGCGTTGTCC

Table 2 Sequences for real-time PCR primers and
probes

Primer or probe Sequence

Exon 1 forward primer TCGGTGGGTATGGACACGTT
Exon 1 reverse primer GCGCGGCTGGTAGATGAC
Exon 1 probe TCCACCGCATCGAC
Exon 2 forward primer TGATACACCCCTGTCCTCTCTGT
Exon 2 reverse primer TGTGCCGTAACCTCCTCAGTAG
Exon 2 probe CCAGGGAAATTCA
Exon 6 forward primer ACATCACCACGGGTCTGTACC
Exon 6 reverse primer TGGCGTAGCTCCCCTTCC
Exon 6 probe ACATCTACAAGTTGTTTGAGAAC

Figure 1 Time to onset of first reported gastrointestinal symptom by
mutation group.
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181 has been reported (N181Y) but its impact is unknown.30

The T230P (ID 53) mutation occurs at a loop. Loops tend to be
rich in charged and polar amino acids. The change to proline,
a hydrophobic amino acid, likely induces a bend in the loop
and impacts on substrate and solvent interactions. It is
important to note that mutations near this region have been
reported (S232P) but their impact is not clear.31

Phenotypic characteristics
About 82% (42/51) of those tested for STK11 mutations
reported hyperpigmentation. Among all individuals (n = 51)
who had PJS with mutation results the median time to onset
of GI symptoms and the median time to onset of first
polypectomy were both 13 years of age (figs 1 and 2). There
was a significant difference between time to onset of GI
symptoms such as abdominal pain by mutation type as
assessed by the log-rank test (p = 0.025), but further
adjustment to allow for intrafamilial correlations reduced
the significance of this finding (p = 0.07). The median times
to onset of first reported GI symptoms were 21 years for
individuals with missense mutations, 10 years of age for
participants with truncating mutations, and 12 years of age
for those PJS participants with undetectable mutations.
Similarly, we found a borderline difference in time to onset
of first polypectomy among the three mutation groups
(p = 0.05 prior to family adjustment, p = 0.08 after adjust-
ment). The median times to onset of first polypectomy were
28, 18, and 14 years of age respectively for participants with
missense, truncating, or undetectable mutations. In addition,
there was a significant difference between time to first
detection of gastric polyps by mutation type as assessed by
the log-rank test (fig 3; p = 0.03, p = 0.09 after adjustment).
The median times were 23, 13, and 15 years for participants
with missense, truncating, or undetectable mutations. Time
to first intussusception (fig 4) also varied according to
mutation status (p = 0.04 prior to adjustment, p = 0.3 after
adjustment). Fewer than 50% of participants with missense
mutations reported intussusceptions, while the median time
to onset of this endpoint was 13 and 15 years of age for those

individuals with truncating or undetectable mutations. The
large difference in significance prior to and after adjustment
suggests strong familial effects in the endpoint of intussus-
ception. Despite the borderline significance of some findings,
the time to onset of the four symptoms described here varied
considerably among groups for these conditions. We also
evaluated the impact that including the three possible cases
of PJS in our study might have had upon the time to onset
analysis. When these three subjects were excluded, we still
found significant differences among the mutation groups for
time to polypectomy (p = 0.03), first intussusception
(p = 0.04), and time to gastric polyps (p = 0.06).

To assess the possibility that individuals with the most
severe phenotype had been referred as probands into our
study, we compared the time to onset of probands versus
relatives with detected mutations. For these two groups we
found a similar time to onset of the major signs and
symptoms we studied, including time to onset of first
gastrointestinal symptoms, age at first polypectomy, and
time to onset of gastric polyps. This finding indicates that the
selection of probands into our study was not strongly
correlated with these symptoms. This lack of correlation
suggests that our findings are generalisable to other popula-
tions of Peutz-Jeghers patients, since the selection process
appears uncorrelated with the disease endpoints we are
studying. We similarly did not find significant differences
according to whether the proband was familial or sporadic
with respect to the time to onset of the four symptoms
evaluated.

DISCUSSION
The success of mutation detection varied according to the
reason for referral. As we did not detect any STK11 mutations
among nine individuals referred to rule out PJS in this study,
we do not believe that STK11 mutation testing is warranted
for participants who fail to meet the rather broad definition
of PJS we used in our study. On the other hand, we did
identify STK11 mutations in most study participants with
PJS, suggesting that STK11 mutation analysis is effective in
this group. Furthermore, despite the small sample size, we
have identified significant differences in the time to onset of
symptoms of PJS associated with the type of STK11 mutation
that we identified. A priori, we might have expected that
participants who did not show STK11 mutations might have
a less severe manifestation of PJS. We anticipate that some
individuals with PJS harbour currently undetectable muta-
tions in the regulatory regions of STK11. At least some
apparent regulatory variants, such as that inferred in family 4
with ID 6 in this study25, result in a phenotype similar to that
observed among participants with truncating mutations of
STK11. Alternately, mutations in genes other that STK11 may
cause a similarly severe form of PJS as found for individuals
with truncating mutations. A recent report indicates an
association of hyperpigmentation and gynaecological

Figure 4 Time to onset of first intussusception by mutation group.

Figure 3 Time to onset of first gastric polyp by mutation group.

Figure 2 Time to onset of first polypectomy by mutation group.
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cancers.32 These observations suggest that if another locus
predisposes for PJS or PJS-like conditions, it may have a
more pronounced impact in women. Several other reports
have indicated other loci than STK11 may cause
PJS.14 15 17 33 34 Our study suggests that these other genetic
causes explain a minority of cases of PJS.

Our study obtained participants from a variety of sources
and reflects referral to tertiary care centres. In order to
evaluate potential selection bias we compared the time to
onset among probands with their relatives, and did not find
any significant differences. We also did not find any
significant difference in time to onset between familial
probands and sporadic probands. These results argue against
selection bias strongly affecting our results. If selection bias
were a major determinant of time to onset, then we would
have anticipated that familial probands would have an earlier
time to onset than their relatives. Mutation status was
unknown prior to the enrolment of participants into our
study. Therefore, any selection of participants into the study
would not explain the differences we observed in time to
onset according to the types of mutations participants had.
The selection of cases through individuals affected with
symptoms may still bias the sample to contain mutations
having severe phenotypic effects. In most of the PJS families
evaluated, differences existed between exon sites and types of
mutation. This is the first study to examine the time to onset
of GI symptoms and polypectomies in a large sample that had
been tested for STK11 mutations. Our results show early
onset of polypectomies, first gastrointestinal symptoms, and
gastric polyps. Our finding that gastric polyps are very
common among individuals with PJS has not been properly
appreciated in the genetics community and provides an
opportunity for further chemopreventive studies.

The mechanisms involved in the tumour suppressor
function of STK11 in PJS remain largely uncharacterised.
However, cyclooxygenase 2 (COX-2) plays a key role in
inflammatory response and cell cycle control. Chemo-
prevention studies have shown that down regulating COX-2
in participants with familial adenomatous polyposis controls
adenomatous polyp growth.35 Similarly, clinical chemopre-
vention studies have shown a strong protective role of
aspirin, which down regulates COX-2, in protecting from
colon cancer.36 Our recent studies showed that COX-2 levels
were increased in a majority of hamartomatous polyps from
patients with PJS37 38 and similar results have been found in
animal models.39 These findings suggest that COX-2 modula-
tion might be important for either controlling hamartoma-
tous growth or decreasing cancer risk among participants
with PJS. Our study shows that the majority of participants
with PJS show gastric polyps. The ease in accessing this site
for visualisation and measurement in chemopreventive
studies indicates the feasibility of clinical trials of COX-2
and other potential chemopreventive agents.

The variability of time to onset of symptoms according to
the type of STK11 mutation (missense versus truncating)
suggests a potential value for genetic testing of STK11 in
disease management. However, larger studies would help to
evaluate the strength of correlation in time to onset within
families, and to identify whether any missense mutations
have particularly later or earlier times to onset of symptoms.
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