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arly genetic testing of STK11 is important for
anagement and genetic counseling for

eutz–Jeghers syndrome

o the Editor,

Peutz–Jeghers syndrome (PJS) is a rare autosomal dominant
nherited polyposis disorder (OMIM #175200), with an estimated
ncidence varying from 1/8300 to 1/280000 live births [1]. It is
haracterized by multiple gastrointestinal (GI) hamartomatous
olyps, and mucocutaneous pigmentation, particularly on the ver-
ilion border of lips. PJS patients have an increased lifetime

isk of GI cancers and a wide spectrum of extra-GI malignan-
ies [2,3]. More than 90% of PJS patients carry loss-of-function
utations at serine-threonine kinase 11(STK11, also named as LKB1,
MIM #602216), which is an important tumor suppressor gene
ontrolling cell growth, division and apoptosis [4]. About 25%
f PJS patients have de novo mutations of this gene [5]. PJS
hows some clinical heterogeneity, such that pigmented lesions
nd gastrointestinal symptoms may not always be demonstrated
n an affected individual [5]. Affected individuals, particularly
hose without family history of the condition, often pay insuf-
cient attention if symptoms are not obvious, until they have
o receive surgical treatment or develop cancer. Early diagno-

is of this disease can be quite helpful for treatment and cancer
urveillance and to improve life quality of PJS patients. Genetic
esting for STK11 gene is undoubtedly a promising and effective
ay.
Disease 51 (2019) 1348–1356 1353

Here, we report two unrelated Chinese PJS families, and
identify a novel and probably de novo “pathogenic” mutation
(c.1004 1005insT [p.Met335IlefsTer25]). The two families were
unrelated and from Hubei province of China.

Family 1

A 12-year-old boy was referred for diagnosis for his growing
mucocutaneous pigmentation. His father had similar symptoms at
youth, but he did not pay attention until he suffered advanced colo-
rectal cancer and then died of it at the age of 37 years. The boy
had characteristic pigmentation on his lips, buccal mucosa and two
hands. Pigmentation initially appeared on his lower lip at 6 months
after birth, then increased with age and appeared on his fingers in
recent months. Although the boy reported no GI symptoms (such as
abdominal pain, diarrhea, and hematochezia), endoscopic exami-
nation found some polyps in the stomach and colon. The polyps
were confirmed to be hamartomatous by pathological examination
after endoscopic polypectomy and the boy was diagnosed with PJS.
His father had mucocutaneous pigmentation and polyps, and died
at the age of 37 due to colorectal cancer. His mother showed no
features of PJS.

Family 2

A 30-year-old man was referred for further treatment of GI
polys and for relevant genetic counseling. He had characteris-
tic mucocutaneous freckling and reported years of intermittent
abdominal pain. In 2005, he was diagnosed with polyposis and
intestinal obstruction, and underwent surgical resection due to
partial intestinal necrosis. Then, he received several surgical treat-
ments because of multiple polyps on esophagus, stomach, small
bowel and colon. The pathological examination revealed hamar-
tomatous polyps. His mother, who had a similar history of intestinal
obstruction at age 10 years, was also diagnosed with PJS based on
pigmented lesions and GI hamartomatous polyps. Moreover, the
patient and his affected mother had pigmentation initially at the
age of 3 years. His 3-year-old daughter who presented two freck-
les in her left hand, and he wanted to know the risk of PJS for his
daughter. No other family members demonstrated any PJS features.

Based on written informed consents, we collected blood sam-
ples from the probands of both families and their available family
members. Genomic DNA was extracted using QIAamp DNA blood
mini kit (Qiagen GmbH, Germany), and then subjected to poly-
merase chain reactions (PCR) to amplify the entire coding regions
and splice boundaries of STK11 gene (NP 000446.1, NM 000455.4,
GRCh38.p7). The purified PCR products were analyzed by bidi-
rectional sequencing using the ABI 3500 DNA sequencer (Applied
Biosystems)

In family 1, a heterozygous 9-bp deletion,
c.907 915delATCCGGCAG (p.Ile303 Gln305del), was detected
in the boy (Fig. 1a and 1b, II: 1). The germline deletion was not
detected in his unaffected mother (Fig. 1a and 1b, I: 2) and was
speculated to be inherited from his affected father. The deletion
was in exon 7 of STK11 and could lead to loss of three amino acids
in the kinase domain (Fig. 1e). This mutation has not been recorded
in multiple population databases including Exome Aggregation
Consortium (ExAC), 1000 Genomes Project, genomeAD and dbSNP.
Integrative databases of MutationTaster and PROVEAN predicted
that it was deleterious based on evidence including evolutionary

conservation, protein features and structure. This mutation was
also detected in a 14-year-old Thai girl in a previous report [6].
Taken together, c.907 915delATCCGGCAG (p.Ile303 Gln305del)
is considered as a “likely pathogenic” mutation in STK11 causing
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Fig. 1. Pedigree of the PJS family 1 (a) and Sanger sequencing results (b). The proband’s father died three years ago and was unavailable for mutation analysis. Pedigree of the
PJS family 2 (c) and Sanger sequencing results (d). Three unaffected family members failed to receive genetic testing based on the following reasons: the proband’s maternal
grandfather and grandmother died several years ago, and his maternal uncle is more than 70 years and lives abroad. (e) The gene structure of STK11. c.907 915delATCCGGCAG
(p.Ile303 Gln305del) is located in exon 7 within the kinase domain. c.1004 1005insT (p.Met335IlefsTer25) is located in exon 8 within the C-terminal regulatory region. wt,
wild type. Squares indicate males and circles indicate females. Affected individuals are marked by solid symbols and unaffected individuals are marked by open symbols.
The proband is denoted by an arrow.

Table 1
Classification of detected genetic variants according to ACMG guidelines.

c.907 915delATCCGGCAG (p.Ile303 Gln305del) c.1004 1005insT (p.Met335IlefsTer25)

Population dataa Absent in multiple normal population databases,
including ExAC, 1000GP, genomeAD and dbSNP
(PM2)

Absent in multiple general population databases,
including ExAC, 1000GP, genomeAD and dbSNP (PM2)

Deletions/Insertions Changed protein length because of in-frame
deletions in a non-repeat region (PM4)

Located in exon 8 (but not at the 3′-most 50 bp of the
penultimate exon) and predicted to cause the
premature termination codon for NMD (PVS1)

De novo data NA Assumed de novo without paternal and maternal
confirmation (PM6)

Segregation data NA Co-segregation with PJS in multiple affected family
members (PP1)

Computational
evidencesb

Multiple computational evidences (MutationTaster
and PROVEAN) support a deleterious effect on STK
gene product including evolutionary conservation,
protein features and structure (PP3)

Disease-causing predicated by MutationTaster

Phenotype support Carriers have typical PJS features, including
mucocutaneous pigmentation (particularly on
vermillion border of the lips) and hamartomatous
polyps (PP4)

Carriers have typical PJS features, including
mucocutaneous pigmentation (particularly on
vermillion border of the lips) and hamartomatous
polyps (PP4)

Conclusion Likely pathogenic (2 PM and 2 PP) Pathogenic (1 PVS1 and 2 PM)

Abbreviation: ACMG, American College of Medical Genetics and Genomics; ExAC, Exome Aggregation Consortium; 1000GP, 1000 Genomes Project; NMD, nonsense-mediated
decay; PVS, pathogenic very strong; PM, pathogenic moderate; PP, pathogenic supporting; NA, not available.

a ExAC, http://exac.broadinstitute.org/); 1000GP, http://www.internationalgenome.org/1000-genomes-browsers; genomeAD, https://gnomad.broadinstitute.org/; dbSNP,
https://www.ncbi.nlm.nih.gov/snp/.

b MutationTaster, http://www.mutationtaster.org/; PROVEAN, http://provean.jcvi.org/index.php.

http://exac.broadinstitute.org/
http://exac.broadinstitute.org/
http://exac.broadinstitute.org/
http://exac.broadinstitute.org/
http://exac.broadinstitute.org/
http://www.internationalgenome.org/1000-genomes-browsers
http://www.internationalgenome.org/1000-genomes-browsers
http://www.internationalgenome.org/1000-genomes-browsers
http://www.internationalgenome.org/1000-genomes-browsers
http://www.internationalgenome.org/1000-genomes-browsers
http://www.internationalgenome.org/1000-genomes-browsers
http://www.internationalgenome.org/1000-genomes-browsers
https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
https://gnomad.broadinstitute.org/
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/snp/
https://www.ncbi.nlm.nih.gov/snp/
http://www.mutationtaster.org/
http://www.mutationtaster.org/
http://www.mutationtaster.org/
http://www.mutationtaster.org/
http://www.mutationtaster.org/
http://provean.jcvi.org/index.php
http://provean.jcvi.org/index.php
http://provean.jcvi.org/index.php
http://provean.jcvi.org/index.php
http://provean.jcvi.org/index.php
http://provean.jcvi.org/index.php


Liver

P
G

p
c
(
(
t
l
t
p
i
c
d

t
H
a
i
v
i
a
s
c
a
i
[
P
f

t
o
a
t
I
i
[
d
a
t
t
m
o
C

t
i
(
n
b
i

C

E

p
T
t
f
o

[

Correspondence / Digestive and

JS according to the guidelines of American College of Medical
enetics and Genomics (ACMG) (Table 1).

In family 2, co-segregation analysis demonstrated that the
roband (III: 1 in Fig. 1c and 1d) inherited a heterozygous insertion,
.1004 1005insT (p.Met335IlefsTer25), from his affected mother
Fig. 1c and 1d, II: 4), but did not transfer it to his daughter
Fig. 1c and 1d, IV: 1). It was a translational frameshift muta-
ion in exon 8 of STK11, resulting in a premature stop codon and
oss of the C- terminal regulatory domain (CRD) (Fig. 1e). Muta-
ions within this CRD could attenuate the activity of AMP-activated
rotein kinase, impair downstream signaling, and affect the polar-

ty of cells [7]. Based on available evidences, we considered that
.1004 1005insT (p.Met335IlefsTer25) was a novel and probably
e novo “pathogenic” mutation of STK11 (Table 1).

In general, PJS can be easily diagnosed based on characteris-
ic features (mucocutaneous pigmentation and GI hamartomas).
owever, typical manifestations may not always appear in an
ffected individual and/or draw sufficient attention, especially
n those without positive family history. In this case, the indi-
idual is often prone to develop serious outcomes, leading to
nevitable open surgery or even cancer [8]. In family 1, the
ffected boy’s father neglected his fading pigmentation and incon-
picuous GI symptoms until he was diagnosed with advanced
olorectal cancer. Fortunately, the tragedy increased awareness
nd allowed timely diagnosis and treatment for the boy. Our
dentified likely pathogenic mutation (c.907 915delATCCGGCAG
p.Ile303 Gln305del]) provided molecular diagnostic evidence for
JS, and it could be used for early diagnosis of individuals whose
amily has a history of the condition.

Usually, individuals with positive family history desire to know
he risk of PJS on themselves and their offspring. Genetic testing
f STK11 gene is an effective way to identify potential PJS patients
head of onset of symptoms, and provide predictive diagnosis, fur-
her management and genetic counseling for affected pedigrees.
n the case of family 2, we identified that the proband inher-
ted a novel heterozygous pathogenic mutation (c.1004 1005insT
p.Met335IlefsTer25]) from his affected mother, but fortunately
id not transmit it to his daughter, greatly relieving their stress
nd anxiety. If they have future pregnancies, prenatal genetic
esting or preimplantation genetic diagnosis (PGD) could help
hem avoid an affected baby based on the identified pathogenic

utation. In fact, prenatal diagnosis of PJS by genetic testing
f STK11 gene has been successfully performed in India [9] and
hina [10].

In summary, we report clinical and molecular characteris-
ics of two unrelated PJS families with different outcomes, and
dentified a novel and probably de novo “pathogenic” mutation
c.1004 1005insT [p.Met335IlefsTer25]) of STK11 gene. Our work
ot only highlights the broad pathogenic mutation spectrum of PJS,
ut also emphasizes the importance of genetic testing and counsel-

ng in high-risk individuals.
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Noninvasive prediction model for diagnosing
gastrointestinal stromal tumors using
contrast-enhanced harmonic endoscopic
ultrasound: Methodological issues

Dear Editor,
We read with great interest the recent paper by Cho et al.,
published in the Digestive and Liver Disease journal, entitled “Non-
invasive prediction model for diagnosing gastrointestinal stromal
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