
ORIGINAL ARTICLE

A 23-Nucleotide Deletion in STK11 Gene Causes Peutz–Jeghers
Syndrome and Malignancy in a Chinese Patient Without
a Positive Family History

Zi-Ye Zhao1
• Yu-Liang Jiang2

• Bai-Rong Li2 • Fu Yang1
• Jing Li2 •

Xiao-Wei Jin2
• Shou-Bin Ning2

• Shu-Han Sun1

Received: 19 April 2017 / Accepted: 28 August 2017 / Published online: 6 October 2017

� Springer Science+Business Media, LLC 2017

Abstract

Background and Aims Peutz–Jeghers syndrome (PJS) is an

autosomal-dominant genetic disease caused by mutations

in the tumor suppressor gene, STK11, which is character-

ized by gastrointestinal hamartomas, melanin spots on the

lips and the extremities, and an increased risk of devel-

oping both gastrointestinal and extraintestinal

malignancies.

Methods and Results We treated a PJS patient without a

positive family history, who possessed typical clinical

manifestations including polyp canceration. In order to

explore the genotype of this patient, blood samples were

collected from all the available family members. The

whole coding region and the flanking regions of the STK11

gene were amplified by polymerase chain reaction and

analyzed by Sanger sequencing. Molecular analysis of the

STK11 gene here revealed a 23-nucleotide deletion

(c.426–448delCGTGCCGGAGAAGCGTTTCCCAG) in

exon 3, resulting in a change of 13 codons and a truncating

protein (p.S142SfsX13). This mutation was not found in

normal individuals in this family including her parents or in

100 control individuals. Protein structure prediction indi-

cated a dramatic loss of the kinase domain and complete

loss of the C-terminal regulatory domain.

Conclusions The results presented here enlarge the spec-

trum of STK11 mutation both disease-causing and malig-

nancy-causing.
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Abbreviations

AMPKa AMP-activated catalytic subunit alpha

DBE Double-balloon enteroscopy

dbSNP Database of single nucleotide

polymorphisms

GI Gastrointestinal

HGMD Human Gene Mutation Database

OMIM Online Mendelian Inheritance in Man

PCR Polymerase chain reaction

PJS Peutz–Jeghers syndrome

STK11 Serine/threonine kinase 11

STRADa/b STE20-related kinase adaptor alpha/beta

Introduction

Peutz–Jeghers syndrome (PJS, OMIM 175200) is a auto-

somal-dominant disorder characterized by gastrointestinal

(GI) hamartomatous polyps, mucocutaneous pigmentation,

and an increased risk for the development of gastroin-

testinal and various extra-GI malignancies [1, 2]. PJS is a

rare condition with an incidence of 1/50,000–1/200,000

[3], but its incidence in China is not been reported. The
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elevated cancer risk in PJS patients has been observed in

several cohort studies, and it is estimated to be 9–18 times

higher than the general population [4, 5]. The main clinical

symptoms of PJS include abdominal pain, rectal blood loss,

anemia, small bowel obstruction, and intussusception

leading to a high laparotomy rate [6].

The clinical condition connecting mucocutaneous pig-

mentation and multiple gastrointestinal polyps together

was first described in 1921 by Peutz, and Peutz reported

this association in a family [7]. Jeghers reported a series of

cases and established the syndrome as an autosomal-

dominant disease in 1940s [8]. In 1997, serine-threonine

kinase 11 (STK11/LKB1, OMIM 602216) on chromosome

19p13.3 was cloned by Jenne et al. [9] and Hemminki et al.

[10], respectively, which has been considered to be the

pathogenic gene of PJS. The gene is divided into nine

coding exons that encode a 433-amino-acid protein. STK11

has a wide mutation spectrum in PJS, and a considerable

uncharacterized genetic heterogeneity remains in this

syndrome. Up to now, STK11 is the only confirmed

pathogenic gene of PJS, and Buchet-Poyau et al. [11] has

excluded several candidate genes as a second PJS locus in

the 19q13.3–q13.4 region and other regions.

Most mutations are frameshift or nonsense changes,

which result in an abnormal truncated protein and kinase

activity impaired, and they can be detected in PJS patients

despite of family histories [12]. However, the genotype–

phenotype correlation is still poorly understood in PJS.

Here, we report a novel STK11 mutation in a PJS patient

without a family history, which is associated with very

likely cancer risk.

Materials and Methods

Patient and Sample Collection

The index patient was a 26-year-old female from East

China. The characteristic pigmentation on his lips and

fingertips appeared shortly after birth. Clinical diagnosis of

PJS was determined at the age of 6 after her partial ileal

resection because of intestinal obstruction, and multiple

hamartomatous polyps was confirmed in her postoperative

pathological specimens [13]. Before regular endoscopy

surveillance was available, the patient received open

surgeries twice at the age of 12 and 23. The patient came to

our department for double-balloon enteroscopy (DBE) at

the age of 24. But the enteroscope could not pass through

due to serious intestinal adhesion, so she had to receive

polypectomy by another open surgery. The diameters of the

resected polyps were as large as 4 cm. Unfortunately,

adenocarcinoma infiltration within hamartomas was con-

firmed in surgical specimens (Fig. 1a). After that the

patient has regular endoscopy surveillance, and her health

is well maintained. Though the index patient possessed

typical manifestations of PJS, her parents, brother and

sister had no PJS-related complaints (Fig. 1b).

This study (AFGHEC2016-145) was approved by the

Medical Ethics Committee, Airforce General Hospital of

PLA. After obtaining informed consent, blood samples

were collected from all available family members (relatives

I:1, I:2, II:1, and II:3) including the patient.

Genomic DNA Isolation and Mutation Analysis

Genomic DNA of peripheral blood leukocytes was

extracted routinely by Isolation Kit (DP318, Tiangen

Biotech, Beijing, China) according to the manufacturer’s

instructions. All nine coding exons and flanking introns of

the STK11 gene were amplified by the use of primers listed

in Table 1. Polymerase chain reactions (PCR) of STK11

exons were performed in a 50-ll reaction which contained

0.4 lM of each primer, 50 ng genomic DNA, and 25 ll 29

premix Ex Taq DNA polymerase (RR030A, Takara Bio

Inc., Dalian, China). The PCRs were performed under the

following conditions: denaturation at 95 �C for 4 min,

followed by 35 thermal cycles, each composed of 95 �C for

30 s, 58 �C for 30 s, and 72 �C for 45 s.

All available family members underwent STK11 germ-

line mutation testing to confirm cosegregation of the

mutation with the disease. For frameshift mutation, T vec-

tor assay (CV15, Aidlab Inc., Beijing, China) was used to

identify each haplotype by constructing monoclonal cells.

In order to rule out polymorphisms and to confirm the

pathogenic effects of variations, 100 chromosomes from 50

unrelated healthy individuals were also screened for the

presence of the mutation.

The PCR products were gel- and column-purified and

directly sequenced. The purified PCR fragments were then

sequenced using BigDye Terminator (Applied Biosystems,

Foster City, CA, USA) on an ABI Prism 3100 genetic analyzer

(Applied Biosystems, Foster City, CA, USA) by Majorbio Co.

Ltd.(Shanghai, China). The results were used to performance

sequence alignment according to STK11 gene sequence

(NP_000446.1 and NM_000455.4 in GRCh38.p7). In addition,

samples from 50 unrelated ethnicity-matched healthy controls

were sequenced to exclude the mutations as non-disease

associated variations in the Chinese population.

Structure Predictions of the Mutant Protein

and Analysis of Evolutionary Conservation

of Amino Acid Residues

The homology modeling programs, Swiss-Model (http://

swissmodel.expasy.org), was used to develop an appro-

priate model to mimic the effects of the mutated region
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Fig. 1 Genogram, pathology and electropherogram of the index

patient. a Representative hematoxylin–eosin-stained tissue slices of

the GI polyp resection specimens showed carcinoma infiltration. Up,

9100 magnification; low, 9400 magnification. b The genogram

showed an isolated PJS patient. Roman numerals indicate generations,

and Arabic numbers indicate individuals. Squares males, circles

females. Affected individuals are denoted by solid symbols and

unaffected individuals are denoted by open symbols. The index

patient is indicated by an arrow. c The structure of STK11 gene. This

novel mutation is within exon 3. d Sanger sequencing with the help of

T vector assay revealed a heterozygous frameshift mutation,

c.426–448delCGTGCCGGAGAAGCGTTTCCCAG. The codons in

red cause amino acid residues changed in the mutant haplotype. Red

box, 23 nucleotides deleted in the mutant haplotype; black bar the site

where the deletion starts; blue bar the site where the deletion ends;

red arrow the new junction site in mutant haplotype
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[14]. Evolutionary conservation of amino acid residues

altered was analyzed by comparing across different species

(https://www.ncbi.nlm.nih.gov/protein/).

Results

Direct sequencing analysis of the DNA from the proband

revealed a heterozygous germline frameshift mutation in

exon 3. Further, we performed T vector assay and identified

the exact haplotype, which is a 23-nucleotide deletion

(c.426–448delCGTGCCGGAGAAGCGTTTCCCAG)

(Fig. 1c, d). To our knowledge, this mutation has not been

reported in literatures. Then we checked public databases

such as dbSNP (database of single nucleotide polymor-

phisms), OMIM (Online Mendelian Inheritance in Man),

ClinVar and HGMD (Human Gene Mutation Database), and

we confirm that this mutation has not been discovered or

recorded.

Through sequence alignment, we find this mutation

results in a translational frameshift (p.S142SfsX13), and

the premature stop codon appears in codon 154, which

causes largely partial loss of kinase domain and C-terminal

regulatory domain (Fig. 2a). Evolutionary conservation

analysis of amino acid residues revealed that these

impaired amino acid residues were most evolutionary

conserved, indicating the mutation was likely pathological

(Fig. 2b). The predicted 3D structure of the mutant protein

is dramatically impaired compared with the wide type

(Fig. 2c).

The mutation was only found in the patient, but not in

her parents, which means it is a de-novo mutation. More-

over, this genetic variation was not detected in her healthy

relatives and 50 unrelated ethnicity-matched healthy indi-

viduals. Since it clearly co-segregates with the disease

phenotype in the family, and the mutation is predicted to

affect the key structure of STK11 protein, we conclude that

this mutation is disease-specific and not a polymorphic

variant of the STK11 gene.

Discussion

PJS is mainly caused by heterozygous germline mutation in

STK11, and in this study we identified a novel de-novo muta-

tion of STK11, c.426–448delCGTGCCGGA-

GAAGCGTTTCCCAG, in a Chinese PJS patient without a

family history. This mutation possesses cancer risk, which also

broadens the spectrum of cancer-related STK11 mutation.

The STK11 protein is mainly comprised of three major

domains: an N-terminal regulatory domain, a catalytic

kinase domain, and a C-terminal regulatory domain [15].

Among 396 reported STK11 mutations detected in patients

with PJS or other disorders (HGMD Professional 2016.2)

[16], most variants are located in the region of catalytic

kinase domain (amino acids 49–309) and result in the

absence of kinase activity and disrupting the formation of a

complex to maintain kinase activation [17]. Several

autophosphorylation sites within this area have been

described [18]. Sequence alignment shows the mutation

detected here causes translational frameshift

(p.S142SfsX13), and the premature stop codon (codon 154)

leads to large-scale protein truncation including most kinase

domain. It is reasonable to conclude the pathogenicity of

this mutation. Moreover, the C-terminal domain of STK11

protein is important for binding STRADa/b [19, 20], so lack

of this part could also lessen the AMPKa activity, affect cell

polarity, and impair downstream signaling [19].

The exact function of STK11 needs further investigat-

ing, and it is currently thought to play a role in cell sig-

naling and apoptosis [21]. The elimination of STK11

kinase activity and the impaired interaction between

STK11 and several proteins (P53, Cdc37, Hsp90, and

PTEN) are probably responsible for PJS phenotype, which

are mainly associated with a loss of growth suppression

function [22]. STK11 induces cell cycle arrest and apop-

tosis on the dependence of P53. Overexpression of STK11

could elevate the transcriptional activity of P53, while its

depletion inhibited P53 functions, which has been observed

in patients of PJS-associated GI carcinomas [23, 24].

Table 1 Primers used for

STK11 exons amplification and

sequencing

Exon Forward primer (50–30) Reverse primer (50–30)

1 CCGTTGGCACCCGTGACCTA ACCATCAGCACCGTGACTGG

2 GGGCGGATCACAAGGTCA AGGAGACGGGAAGAGGAGC

3 TGTGCCCAGAGCAAGAGC GCAGAAGAATGGCGTGAACC

4 and 5 AGGAGACGGGAAGAGGAGC TGAACCACCATCTGCCGTAT

6 TGACTGACCACGCCTTTCTT TGAGGGACCTGGCAAACC

7 CAGGGTCTGTCAGGGTTGTCC CCGTCCGCTGCTCTGTCTT

8 ACTGCTTCTGGGCGTTTGC AGGTGGGCTGGAGGCTTT

9 GGTTCTGTGCTGGCATTTCG GGCTCTGACGCTGGTGGAT

10a TGCCCAGGCTGACCTCTTC CGATGGCGTTTCTCGTGTTTT

10b GGATTTGAGCTGTGGCTGTGAG AACACCGTGACTGCCGACCT
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Transgenic mice experiments have proven a greater life

span reduction and tumor incidence increasing in STK11

and P53 both knockout than single gene knockout [25]. In

PJS, a mutation in key domain of STK11 gene may induce

the function impaired of STK11 protein and the distur-

bance in its interaction with the partners, and eventually

cause PJS phenotype, including the cancerogenesis.

Generally, identification of a STK11 gene mutation in an

index patient offers the possibility of a predictive diagnosis

in PJS pedigrees, but sometimes a patient without a posi-

tive family history is found clinically. Genetic testing often

discovers a STK11 germline mutation carried only by the

proband but not the parents, which is called a de-novo

mutation. In these cases, clinicians should take de-novo

Fig. 2 Mutant protein structure and evolutionary conservation of

amino acid residues. a Schematics of the secondary structure of

functional domains of the STK11 protein. NLS nuclear localization

signal, NRD or CRD, N- or C-terminal regulatory domain. b Evolu-

tionary conservation of amino acid residues altered by

c.426–448delCGTGCCGGAGAAGCGTTTCCCAG (p.S142SfsX13)

across different species. c The mutant protein (p.S142SfsX13) was

predicted to result in loss of part of the kinase domain and complete

C-terminal regulatory domain by Swiss-Model online software

compared to the wild type

3018 Dig Dis Sci (2017) 62:3014–3020
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mutation into consideration and be aware of the possible

cancer risk, so that an appropriate surveillance recom-

mendation can be suggested. The genotype–phenotype

correlation in PJS is indeed existing but largely obscure,

and PJS-associated cancer should be considered as a

complex disease, with gene–gene and gene-environment

interactions. So surveillance is as important as diagnosis

for clinical management in PJS.

To treat PJS, DBE is the key method to use. When DBE

is absent, PJS patients often suffer from recurrent intestinal

obstruction and come to the surgical emergency [26]. With

the widely use of DBE, PJS patients can be managed

intensively to avoid emergency condition and potential

cancer risk. People with positive family histories should

receive first upper GI endoscopy and colonoscopy at age

8 years, and regular follow-up is necessary [27]. DBE is

the most effective method to detect and remove small

bowel polyps nonoperatively [28–31]. In our clinical cen-

ter, 131 PJS patients who had abdominal surgery for

intestinal obstruction before received DBE intervention,

and 113 of them (86.3%) avoid a second open surgery,

indicating proper follow-up ensures the patients free of

intestinal obstruction and malignancy [32].

In conclusion, we identified a novel heterozygous

mutation (c.426–448delCGTGCCGGA-

GAAGCGTTTCCCAG, p.S142SfsX13) in the STK11 gene

causing PJS in a Chinese female without a PJS family

history, and this mutation possesses high cancer risk. This

study also expanded the mutation spectrum of PJS, which

formed the fundament of genetic counseling.
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