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Abstract
Peutz-Jeghers syndrome (PJS), a rare autosomal dominant 
inherited disorder, is characterized by hamartomatous 
gastrointestinal polyps and mucocutaneous pigmentation. 
Patients with this syndrome have a predisposition to a 
variety of cancers in multiple organs. Mutations in the 
serine/threonine kinase 11 (STK11 ) gene have been 
identified as a major cause of PJS. Here we present the 
clinical and molecular findings of two unrelated Thai 
individuals with PJS. Mutation analysis by Polymerase 
Chain Reaction-sequencing of the entire coding region 
of STK11 revealed two potentially pathogenic mutations. 
One harbored a single nucleotide deletion (c.182delG) 
in exon 1 resulting in a frameshift leading to premature 

termination at codon 63 (p.Gly61AlafsX63). The other 
carried an in-frame 9-base-pair (bp) deletion in exon 
7, c.907_915del9 (p.Ile303_Gln305del). Both deletions 
were de novo and have never been previously described. 
This study has expanded the genotypic spectrum of the 
STK11 gene. 
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INTRODUCTION
Peutz-Jeghers syndrome (PJS) is an autosomal dominant 
disorder with predisposition for cancer (OMIM 175200), 
and is characterized by the occurrence of  multiple 
gastrointestinal hamartomatous polyps and pigmentation 
of  the lips, buccal mucosa and digits[1]. PJS patients 
also have a significantly increased risk for developing 
benign and malignant tumors of  multiple organs both 
in the gastrointestinal tract and in extragastrointestinal 
sites[2]. Cancers of  the lung, pancreas, breast, ovary and 
testis have been observed[3-6]. Germline mutations in 
the serine/threonine kinase 11 (STK11) gene at 19p13.3 
have been demonstrated to be responsible for most 
PJS cases[7, 8]. The STK11 gene consists of  nine coding 
exons and translates into a protein of  433 amino acids[8]. 
STK11 is proposed to function as a tumor suppressor 
that acts as an early gatekeeper[9], regulates cell polarity[10], 
and controls cell cycle arrest, cell proliferation and 
apoptosis[11]. 

PJS is the first cancer susceptibility syndrome caused 
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by inactivation of  the serine/threonine kinase. Previous 
findings suggested that the combination of  germline 
mutations and a defect of  the second allele causing loss 
of  heterozygosity in somatic cells was responsible for 
the phenotypic manifestations of  PJS[8]. 

 At least 200 different disease-causing mutations in 
the STK11 gene have been described with the majority 
being missense/nonsense mutations. The splice-junction 
alterations, insertions, and nucleotide or whole gene 
deletions have also been reported (http://www.hgmd.
cf.ac.uk, accessed July 2009). Most STK11 mutations affect 
the catalytic kinase domain and result in inactivation or 
loss of  protein function. 

 In this study, we report the clinical and molecular 
characterization of  two unrelated Thai PJS patients. 
Mutation analysis revealed that both patients carried  
de novo mutations. Both mutations were also novel. This 
is the first report of  molecularly-confirmed PJS in Thai 
patients.

CASE REPORT
Patient 1
A 14-year-old Thai boy was referred for further manage-
ment of  intestinal obstruction. The patient developed 
abdominal pain with distension and melena 3 d after 
receiving appendectomy. He was diagnosed with intus-
susception for which he underwent surgical resection. 
Physical examination revealed hyperpigmentation on the 
lower lip, buccal mucosa, and digits. Endoscopic exami-
nation revealed multiple polyps in the stomach, small 
bowel and colon. No other family members had any fea-
tures consistent with PJS.

Patient 2
A 14-year-old Thai girl was referred for treatment of  in-
testinal polyps. She presented with hematochezia and pro-
lapse of  a polypoid mass. Characteristic mucocutaneous 
pigmentation was also observed. Endoscopic examination 
demonstrated multiple polyps throughout the gastrointes-
tinal tract. She underwent polypectomy three times. The 
resected polyps were found to have characteristic features 
of  Peutz-Jeghers polyps. There was no history of  gastro-
intestinal problems in either of  her parents.

Mutation analysis
Peripheral blood samples were obtained from the pro-
bands and their available parents after written informed 
consent. Total RNA and genomic DNA were extracted 
from peripheral blood using Qiagen RNA and DNA 
extraction kits according to manufacturer’s instructions, 
respectively (Qiagen, Valencia, CA, USA). Reverse tran-
scription was performed using ImProm-IITM reverse 
transcriptase (Promega, Madison, WI, USA), according 
to the manufacturer’s instructions. PCR amplification 
of  the entire coding sequence of  the STK11 gene was 
performed using primers as shown in Table 1. In brief, 
we used 50 ng of  cDNA, 1XPCR buffer (Promega),  
1.5 mmol/L MgCl2, 0.2 mmol/L dNTPs, 0.2 µmol/L of  

each primer and 0.5 U Taq DNA polymerase (Promega) 
in a volume of  20 µL using the following parameters: 35 
cycles of  1 min at 94℃, 1 min at 60°C and 1 min 30 s at 
72℃. PCR products were treated with ExoSAP-IT (USP 
Corporation, Cleveland, OH) according to the manufac-
turer’s recommendations, and sent for direct sequenc-
ing (Macrogen Inc., Seoul, Korea). Sequence data were 
analyzed using Sequencher (version 4.2; Gene Codes 
Corporation, Ann Arbor, MI, USA). Mutations found 
in both patients were confirmed by direct sequencing of  
the genomic DNA using a set of  primers and parameters 
according to their mutation sites (Table 1). The nucleo-
tide position is in accordance with the STK11 mRNA 
(Genbank Accession No. NM_000455). The available 
parents were also tested for the identified mutation by 
PCR-sequencing.

DISCUSSION
PCR-sequencing analysis of  the entire coding sequence 
of  STK11 revealed that patient 1 was heterozygous for 
a novel deletion of  a guanine at nucleotide position 182 
(c.182delG) in exon 1 of  the STK11 gene (Figure 1, 
left upper panel). The loss of  a guanine is expected to 
lead to a frameshift starting at codon 61 and introduce 
a premature stop codon at position 63. Sequencing his 
genomic DNA confirmed the presence of  the c.182delG 
(Gly61AlafsX63) mutation. This mutation was not found 
in either parent (Figure 1, left lower panel). 

Patient 2 was heterozygous for a novel in-frame 9-base-
pair (bp) deletion (c.907_915del9) in exon 7 (Figure 1, 
right upper panel). This identified mutation was confirmed 
by sequencing of  the patient’s genomic DNA. The 9-bp 
deletion results in absence of  three amino acids in the 
kinase domain of  the STK11 protein. The c.907_915del9 
was not detected in her mother. Her clinically unaffected 
father was unavailable for mutation analysis. 

Both Thai patients fulfilled the clinical diagnostic 
criteria for PJS[12]. These include the presence of  hamar
tomatous polyps and characteristic mucocutaneous pig
mentation. Inactivating mutations in the STK11 gene 
have been detected in 50%-94% of  PJS patients. The 
highest mutation detection rate could be achieved if  only 
patients who met the clinical criteria were considered 
and all mutation screening methods were used[12-15]. 
In this study, two different germline mutations were 
identified in the STK11 gene and were found to be  
de novo as evidenced by their clinically unaffected parents 
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Table 1  Oligonucleotides and PCR conditions for STK11 
mutation analysis

Primer sequences (5’ to 3’) Annealing 
temperature (℃)

STK11 cDNA F  GTCGGAACACAAGGAAGGAC 60
R  AACCGGCAGGAAGACTGAGG

STK11 Exon 1 F  GTCGGAACACAAGGAAGGAC 57
R  CAGAACCATCAGCACCGT GA

STK11 Exon 7 F  ATGTCCCAGGAGTGGAGTGG 60
R  ACAGGACACTGCCCA GAGAC
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as well as molecular findings. Both mutations have never 
been previously described.

A novel heterozygous 1-bp deletion (c.182delG; 
p.Gly61AlafsX63) in exon 1 of  the STK11 gene was 
detected in patient 1. It resulted in a frameshift leading 
to premature termination of  the codon at position 63. 
The mutation was not detected in his parents. Since 
codons 49-309 encode the catalytic kinase domain[16], 
this truncated protein is expected to result in incomplete 
catalytic kinase domain leading to inactivation of  the 
kinase activity as well as a complete loss of  the C-terminal 
domain. 

The second patient was heterozygous for a novel in-frame 
9-bp deletion in exon 7 (c.907_915del9; p.Ile303_Gln305del). 
The 9-bp deletion results in absence of  three amino acids 
in the kinase domain of  the STK11 protein. This alteration 
was close to another 9-bp deletion that has been previously 
described in PJS patients from different populations 
(c.908_916del9; p.Ile303Asn; Arg304_His306del) and 
involved similar residues. In addition, they were located 
at the conserved catalytic core of  the kinase domain[7,17]. 
These findings confirmed an important role of  these critical 
residues. 

Several studies have been performed to analyze 
genotype-phenotype correlations in PJS. One such 
study showed that PJS patients with predominantly 
truncating mutations had breast carcinomas, whereas in-
frame deletions in the ATP binding domain were rarely 
associated with cancers in PJS patients[18]. However, an 
analysis of  the spectrum of  cancers and the risk of  these 
cancers with different types of  STK11 mutations in 419 
PJS individuals suggested that there was no significant 
correlation between the type or site of  mutation and 
the cancer risk[19]. Considering the correlation between 

time to the onset of  gastrointestinal symptoms and the 
mutation status, individuals with missense mutations 
of  STK11 had a later time to onset of  the symptoms 
compared with those with truncating mutations[20]. A 
subsequent study showed a trend toward earlier age 
of  intussusception onset in individuals with STK11 
truncating mutations; however, the difference was not 
statistically significant[21]. Our patient with a truncating 
mutation, c.182delG, in the STK11 gene developed 
intussusception at the age of  14 years, close to the 
median time to onset of  intussusception in those with 
STK11 truncating mutations from both studies[20, 21]. To 
strengthen the genotype-phenotype correlations, larger 
and well-designed studies are still required. 

Identification of  the STK11 mutation remains essen
tial for a correct diagnosis of  PJS and has important 
clinical implications. Genetic counseling and surveillance 
strategies which are of  value in disease management 
could be provided for patients with PJS and their at risk 
family members regardless of  their mutations identified.

In conclusion, we report on the clinical and molecular 
characterization of  two unrelated Thai patients with PJS. 
Two novel potential pathogenic mutations, c.182delG 
(p.Gly61AlafsX63) and c.907_915del9 (p.Ile303_Gln305del) 
were identified expanding the mutational spectrum of  
STK11. This study demonstrates that the STK11 gene 
is responsible for PJS across different populations and 
emphasizes the important role of  genetic testing for 
definite diagnosis as well as appropriate genetic counseling.
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Figure 1  Mutation analysis. The left and right panels relate to c.182delG (p.Gly61AlafsX63) and c.907_915del9 (p.Ile303_Gln305del) mutations, respectively. Upper 
and lower panels are electropherograms of patients and unaffected parents, respectively. Each identified mutation is indicated by an arrow. 

c.907_915del9 (p.Ile303_Gln305del)

  C    G    G    C   A  G   A  T  C  C   G    G    C  A    G   C    A  C   A  G

      C  A  C  A   G   C   T G   G   T   T  C   G  G

      C   T  T  A  C  G   G  C  A  A  G  G  T   G   A  A  G  G   A  G  G   C   G  G   C  A  G   A   T  C   C  G   G   C  A  G   C  A  C   A  G

c.182delG (p.Gly61AlafsX63)

C    T   T A  C    G  G  C  A  A   G  G   T  G  A  A  G   G  A  G  G

           C  A  A  G   G  T   G  A  A  G  G   A  G  G  T
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