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Abstract 
Background: The combination of direct sequencing and multiple ligation-dependent probe 

amplification (MLPA) has resulted in an 80% detection rate of serine/threonine kinase 11 ( STK11 ) 
gene mutations in Peutz-Jeghers syndrome (PJS); however, this rate varies in different ethnicities. 

Aims: To test the efficacy of the combination in Chinese patients with PJS. 
Methods: PJS probands visiting our center during one year were enrolled. Sanger sequencing 

and MLPA were used to detect STK11 mutations. Associations between the occurrence of severe 
complications and risk factors were analyzed statistically. 

Results: We identified 47 PJS probands. Among them, 34 received an STK11 mutation test, 
revealing 23 point mutations and 2 exonic deletions. Nine of the mutations were splicing errors, 
reflecting a significantly higher proportion ( p < 0.05). Laparotomy history existed for 33 of the 
probands, and seven families had a history of cancer. Statistical analysis revealed no associations 
between the occurrence of severe complications or cancers and risk factors. 

Conclusion: The strategy achieved a high detection rate in Chinese people, validating its 
effectiveness. This cohort comprised a significantly higher proportion of splicing errors, reflecting 
the unique genetic characteristics Chinese people. No specific genotype-phenotype relationship 
was noted, while the wide usage of enteroscopy would benefit PJS surveillance. 

Keywords Peutz-Jeghers syndrome, STK11, Cancer, Surveillance, Multiple ligation-dependent 
probe amplification, MLPA. 
© 2018 Elsevier Inc. All rights reserved. 

 

 

 

 

 

 

Introduction 

Peutz-Jeghers syndrome (PJS; OMIM #175200) is an auto-
somal dominant inherited disorder, characterized by muco-
Abbreviations: DBE, double-balloon enteroscopy; DHPLC, dena- 
turing high performance liquid chromatography; EGD, esophagogas- 
troduodenoscopy; GI, gastrointestinal; MLPA, multiplex ligation- 
dependent probe amplification; MP, melanin pigmentation; NGS, next 
generation sequencing; PCR, polymerase chain reaction; PJP, Peutz- 
Jeghers syndrome polyp; PJS, Peutz-Jeghers syndrome; PRP, pro- 
lapsed rectal polyp; SSCP, single strand conformation polymorphism; 
STK11 , Serine/threonine kinase 11. 
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cutaneous pigmentation (MP), hamartomatous polyps of the
gastrointestinal (GI) tract (PJPs), and an increased risk of
developing of various neoplasms [1,2] . PJS is also a type of
colorectal cancer (CRC syndrome. Family history (FH) is pos-
itive in certain cases, whereas others arise de-novo . The in-
cidence of PJS is estimated to be low, at 0.5 to 2 in 100,000
[3] ; however, the incidence in a specific country or area is
unknown. 

As a Mendelian disorder, PJS’s genetic cause has been
identified as germline mutations in the serine–threonine ki-
nase 11 ( STK11 ) gene [4,5] . This gene is located on chro-
mosome 19p13.3 and comprises nine exons that encode a
433 amino-acid protein. As a tumor suppressor, STK11 works
together with several partners, like STE20-related kinase
adaptor alpha (STRADA) and scaffold protein 25 (MO25)
[6] , and takes part in many biological processes and sig-
naling pathways, such as cell cycle arrest [7] , P53-mediated

http://crossmark.crossref.org/dialog/?doi=10.1016/j.cancergen.2018.11.008&domain=pdf
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mailto:endayu@yeah.net
mailto:ningshoubin@126.com
https://doi.org/10.1016/j.cancergen.2018.11.008


48 Y.-L. Jiang, Z.-Y. Zhao and B.-R. Li et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

apoptosis [8] , Wnt signaling [9,10] , transforming growth fac-
tor beta (TGF- β) signaling [11] , Ras induced cell transforma-
tion [12] , and cell polarity [13–16] . Its extensive participation
in biological processes means that functional mutations of
STK11 probably cause physiological malfunction in PJS and
neoplasms in multiple sites [17] . 

The diagnosis of PJS consists of two aspects, clinical and
genetic. The clinical cr iter ia are taken from the comprehensive
system in the Mallorca consensus statement (2007), which al-
lows for any two of the three features (PJP, MP, and FH) or
the isolated presence of two or more PJPs to diagnose PJS
[3] . The genetic diagnosis is based on the identification of an
STK11 germline mutation, although a single study has found
an MYH11 (encoding myosin heavy chain 11) germline mu-
tation in a PJS family [18] . The detection methods include
Sanger sequencing, next generation sequencing (NGS), de-
naturing high performance liquid chromatography (DHPLC),
single strand conformation polymorphism (SSCP), and multi-
ple ligation-dependent probe amplification (MLPA). Until now,
Sanger sequencing plus MLPA, or NGS plus MLPA, have
been the best combined detection strategies, with detection
rates of 65.8–87.5% [19–26] . The effectiveness of the combi-
nation may vary when applied in different ethnicities. Chinese
Han people are one of the most populous races, accounting
for more than 20% of the human population; however, data
from China are very limited. Previous reports presented PJS
detection rates of 67.3% and 81.8%, respectively, using these
combinations, which is a marked difference. 

In the present study, we applied the combination of direct
sequencing and MLPA in a cohort of patients with PJS hos-
pitalized over the course of one year to explore the effective-
ness of this strategy in Chinese Han people. We focused on
the risk factors that may be associated with the occurrence of
polyp-related complications and tumorigenesis. 

Materials and methods 

Subjects 

A total of 54 patients were diagnosed clinically with PJS in
the Airforce General Hospital of PLA (Beijing) and Changhai
Hospital (Shanghai) between Sep 2016 and Aug 2017. The
clinical diagnostic cr iter ia of PJS, as recommended by WHO
were adopted: (1) Three or more histologically PJPs in the
gastrointestinal tract; (2) any number of PJPs detected with a
positive FH of PJS; (3) characteristic MP with a positive FH
of PJS; and (4) any number of PJPs together with character-
istic MP [27] . The presence of any one of the above clinical
findings would suggest a clinical diagnosis of PJS. For inpa-
tients, surgery or GI endoscopic intervention, which included
esophagogastroduodenoscopy (EGD), colonoscopy, double-
balloon enteroscopy (DBE), or capsule endoscopy, were per-
formed. Outpatients received EGD, colonoscopy, or only a
genetic test. Fifty unrelated ethnicity-matched individuals who
came to Airforce General Hospital of PLA for gastric polyps’
treatment during the same time period were also included in
the study as the control group. 

Genetic tests were performed based on the probands’
genograms. Blood samples of the probands and all avail-
able family members were collected after obtaining informed
consent. This study was approved by the Medical Ethics
Committee, Airforce General Hospital of PLA, and the Institu-
tional Review Board of Changhai Hospital. 

Genomic DNA isolation 

Peripheral blood samples of at least 5 ml were collected
in ethylenediaminetetraacetic acid (EDTA) anti-coagulated
tubes. Genomic DNA from peripheral blood leucocytes
was extracted routinely using an animal genomic DNA kit
(TSP201, TsingKe Biotech, Beijing, China) according to the
manufacturer’s instructions. The extracted DNA was stored at
−20 °C before subsequent analyses. 

Direct sequencing 

All nine coding exons and their flanking sequences (20 bp)
of the STK11 gene were amplified using the primers listed
in Table S1. Polymerase chain reactions (PCR) of STK11
exons were performed in a 50-µl reaction system that con-
tained 10 µM of each primer, 100 ng of genomic DNA, and
25 µl of 2 ×TsingKe master mix polymerase (TSE004, Ts-
ingKe Biotech, Beijing, China). The PCR reactions were per-
formed according to the manufacturer’s instructions. The PCR
products were gel- and column-purified using a purification
kit (GE0101, TsingKe Biotech, Beijing, China). The purified
PCR fragments were then sequenced using the BigDye Ter-
minator method on an ABI Prism 3100 genetic analyzer (Ap-
plied Biosystems, Foster City, CA, USA) by Majorbio Co.
Ltd. (Shanghai, China). The results were used to perform
sequence alignment according to STK11 gene sequence
(NP_000446.1 and NM_000455.4 in GRCh38.p7). The ex-
perimental details have been reported previously [28,29] . 

All available family members underwent an STK11
germline mutation test to confirm cosegregation of the muta-
tion with the disease. To rule out polymorphisms and to con-
firm the pathogenic effect of the variations, 100 chromosomes
of 50 individuals from the control group were also screened
for the presence of the mutations. 

Multiplex ligation-dependent probe amplification 

(MLPA) assay 

The SALSA MLPA reagent kit (EK1-FAM, MRC-Holland, Ams-
terdam, the Netherlands) and SALSA MLPA probemix STK11
(P101-B4) were prepared. The sequences of probes used are
shown in Table S2. The SALSA MLPA reagent kit contain-
ing SALSA MLPA buffer, Ligase-65, Ligase buffer A and B,
SALSA PCR primer mix, and SALSA polymerase, was pre-
pared. Extracted genomic DNA (100 ng) was denatured by
incubating at 98 °C in a thermocycler, and then the MLPA
probes were added to the genomic DNA samples and hy-
bridized at 60 °C. The subsequent ligation reaction was per-
formed at 54 °C for 15 min after the addition of the ligase
and ligase buffer. The ligase was inactivated by incubating
the reaction tube at 98 °C. PCR amplification of the ligation
product was performed following the addition of universal
PCR primers, dNTPs, and polymerase. The amplified prod-
ucts were then analyzed using the ABI 3730XL DNA Analyzer
(Thermo Fisher Scientific, Waltham, MA, USA) by Sangon Co.
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Ltd. (Shanghai, China). The MLPA assay results were ana-
lyzed using Coffalyser.Net (MRC-Holland, Amsterdam, The
Netherlands). A peak ratio less than 0.7 was interpreted as a
“deletion”, while a peak ratio greater than 1.3 was interpreted
as a “duplication”. 

Statistical analysis 

Occurrence of severe polyp-related complications (presented
at laparotomy) and tumorigenesis are the two main concerns
in PJS prognosis; therefore, we explored the association be-
tween them and certain risk factors (gender, family history of
PJS, and STK11 mutation information) by statistical analysis.
Statistical analyses of the data were performed using SPSS
17.0 statistical software (SPSS Inc., Chicago, IL, USA). The
results obtained were expressed in terms of median and range
or proportion. χ2 test or Fisher’s exact test were used to test
the significance, which was set at p < 0.05. 

Results 

Clinical features 

The study process was performed according to the flowchart
displayed in Fig. S1. During the whole year investigated (Sep
2016–Aug 2017), 54 patients with clinically diagnosed PJS
visited our hospitals and were enrolled in this investigation.
The median age of this cohort for diagnosis and first inter-
vention (polypectomy or laparotomy) were 18 and 17 years,
respectively, and the proportion of men was 70.4%. Among
them, 24 had family history of PJS and 30 did not. Thirty-four
patients experienced severe complications, such as intussus-
ception, bowel obstruction, and tumorigenesis. The clinical
characteristics are presented in Table 1 . 

After sorting according to family history, 47 patients were
determined as probands of the PJS pedigrees, upon which
the subsequent analyses were based. As shown in Table 1 ,
the 47 probands from unrelated families comprised 17 familial,
29 sporadic patients, and 1 from an adoptive family, and their
birth places comprised various locations in China (Table S3).
The 17 familial cases (PJS02, 03, 05–07, 13, 14, 30, 33, 35–
39, 41, 44, and 45) showed an autosomal dominant pattern of
inheritance ( Fig. 1 ). MP on the lips, buccal mucosa, or digits
( Fig. 2 (A)–(C)) and classical PJPs in the GI tract ( Fig. 2 (G))
were detected in all probands. All probands in these families
underwent polypectomy, using open surgery or endoscopy, at
various ages, and 32 of them underwent laparotomy because
of intussusception, intestinal obstruction, or other complica-
tions ( Fig. 2 (D) and (E)). Fifteen probands underwent DBE.
Four probands (PJS07, 12, 29, and 40) in this study had de-
veloped PJS-related tumors (GI tract cancers and genital tu-
mors) before the age of 35 years ( Fig. 2 (F)), and familial can-
cer history existed in another three families (PJS14, 41 and
45). Detailed information is shown in Table 2 . 

Direct sequencing 

Mutation detection by direct sequencing was performed
in 34 probands, and mutations in the STK11 gene were
observed in 23 of them (67.6%). Missense, nonsense, indel,
and splicing mutations were observed in five, five, four, and
nine probands, respectively ( Table 2 and Fig. 3 ). In particular,
one of the indels (c.907_915delATCCGGCAG) was the dele-
tion of three codons, which resulted in the deletion of three
amino acids instead of a frame shift (p.303_305delIRQ). Ex-
cept for one mutation (c.109C > T) in the region encoding the
N-terminal domain, all the other mutations were located within
the kinase domain coding region of the STK11 gene. Most
of the mutations have been previously reported [30,31] ex-
cept for c.243delG, c.667G > T, c.464 + 1G > A (IVS3), and
c.598–1G > A (IVS4). Details about mutation 667G > T are
presented in Fig. S2. All three frame shift mutations led to
partial loss of the kinase domain and completed loss of the C-
terminus. PJS10, 12, 28, 31, and 40 possessed nonsense mu-
tations of STK11 that resulted in the production of truncated
proteins (p.Y60 

∗, p.E223 

∗, p.Q37 

∗, p.W239 

∗, and p.Q220 

∗).
Among the 23 patents with mutations, nine were familial, 13
were sporadic, and one of them was adopted with an unclear
family history. 

MLPA assay 

Nine probands received direct sequencing without pathogenic
mutations being detected; therefore, they were subjected to
an MLPA assay. Among them, a deletion in exon 1 of STK11
was observed in two probands with PJS ( Fig. 3 ). 

Therefore, by applying both direct sequencing and the
MLPA assay, the total mutation detection rate for STK11
gene in this Chinese cohort with PJS was 73.5% (25 of 34
probands). 

Polyp-related complications, tumorigenesis, and 

risk factors 

Polyp-related complications include abdominal pain and
distention, diarrhea, hematochezia, prolapsed rectal polyp
(PRP), intussusception, and bowel obstruction. Among them,
intussusception and bowel obstruction are the most severe,
which often require treatment by laparotomy. There were 32
probands who received laparotomy, and none of the risk fac-
tors, including gender, family history of PJS, STK11 muta-
tion detected, or STK11 splicing error was associated with
requirement for laparotomy ( p > 0.05) (Table S4). Tumorige-
nesis occurred in seven of the PJS families, and none of the
risk factors mentioned above was associated tumorigenesis
( p > 0.05) (Table S5). 

Discussion 

PJS has various manifestations related to PJPs, such as
abdominal pain, distention, hematochezia, chronic anemia,
PRP, bowel obstruction, and clinical intussusception [32–34] .
An increased risk of cancer at multiple sites is also a consid-
erable threat to patients with PJS, and the sites range widely,
including the GI tract, breast, ovary, testis, and lung [35] . The
two main purposes of PJS management/surveillance are to
detect sizeable GI polyps and to detect cancer at the early
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Table 1 Characteristics of the cohort with PJS. 

Characteristics Number (percentage) 

For all PJS patients 
Cases diagnosed in the study period 54 
Age ∗

Median (range) 
D 18 (1–55) years 
F 17 (1–42) years 
P 24 (4–56) years 

Gender 
Male 38 70.4% 

Female 16 29.6% 

Family history ∗∗

Familial 24 45.3% 

Sporadic 29 54.7% 

Severe GI complications ∗∗∗

Yes 36 69.2% 

No 16 30.8% 

For PJS probands 
Probands in duration 47 
Gender 
Male 33 70.2% 

Female 14 29.8% 

Family history ∗∗

Familial 17 37.0% 

Sporadic 29 63.0% 

Severe GI complications ∗∗∗

Yes 33 73.3% 

No 12 26.7% 

DNA mutation analysis 34/47 72.3% 

STK11 mutation carrier 25/34 73.5% 

∗ D , diagnosis; F , first polypectomy or laparotomy; P , present. Present age was unknown for one 
patient and age at diagnosis and polypectomy were unknown for two patients. 

∗∗ One patient was excluded from the analyses because he was from an adoptive family. 
∗∗∗ Two patients were excluded from the analyses because of lack of information. PJS, Peutz-Jeghers 

syndrome; GI, gastrointestinal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

stage [3] . In the present study, we noticed that a history of la-
parotomy and PJS-related cancer existed in 32/45 (71.1%)
and 7/45 (15.6%) of the probands, respectively. The high
prevalence validates the necessity of close follow up in pa-
tients with PJS. PJS-related cancers can occur in a patient’s
early twenties or thirties, in addition to other PJS-related com-
plications that occur in young children; therefore, the use
of baseline and follow-up endoscopy must be emphasized,
and may be performed earlier and more strictly. Belsha et al.
[36] suggested that DBE-facilitated polypectomy is an effec-
tive therapeutic option in pediatric patients with PJS. Among
16 patients, 14 underwent DBE-facilitated polypectomy (11
by DBE alone and three by Lap-DBE facilitated polypectomy).
Except for one pelvic abscess post-procedure, which was re-
lated to an infected laparoscopy-port, all other patients recov-
ered well and lived uneventfully in the 26 month follow up.
Compared with these results, we believe that the high preva-
lence of laparotomy observed in the present study reflects the
lack of DBE usage in China. Many open surgeries could be
avoided if DBE was used earlier. Statistical analysis did not
reveal significant associations between the occurrence of se-
vere complications or cancers and risk factors like gender, FH,
STK11 mutation detection, or STK11 splicing errors ( p > 0.05)
(Table S4 and S5). 
Among STK11 mutations recorded in the Human Genome
Mutation Database (HGMD), more than 300 point mutations
and small range mutations are recorded, and 89 gross dele-
tions or insertions [37] . As a cause of mutations, genomic
rearrangements have been detected by MLPA and reported
in other hereditary CRC syndromes, such as Lynch syndrome
[38] and familial adenomatous polyposis (FAP) [39] . Discov-
ery of the pathogenic mutation is the cornerstone of genetic
counseling; however, it is not always possible because of tech-
nical limitations. Before MLPA, the detection rate of PJS was
around 60% or lower [40–42] . With the help of MLPA, the de-
tection rate has increased by 10–20% as shown in Table 3 . In
the present study, Sanger sequencing detected 23 mutations,
and MLPA detected two additional mutations. 

As the major pathogenic gene in PJS, STK11 has been
studied to identify associations between its mutations and ele-
vated cancer risk [17,43–48] . Mehenni et al. [45] reported 149
patients with PJS s from 41 families, and suggested that muta-
tions within exon 6 possessed a higher cancer risk. Salloch et
al. [49] reported of 31 patients from 22 families, and suggested
that truncating mutations were associated with more polyps,
surgical interventions, and cancers. Wang et al. [26] reported
116 patients from 52 families, and stated that mutations in
exon 7 correlated with a 90% (9/10) incidence of GI polyp
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Table 2 Demography, initial evaluation, and clinical course of 47 PJS probands. 

ID and Sex 
Age ∗ Reason 

for visit Laparotomy Intervention 
Tumorigenesis Mutation 

P MP D F Age Tumor Exon Nucleotide 
Amino acid 
change/effect 

01 M 31 0 1 1 PRP Yes TE, Lap, Ent 1 del(exon1) Kinase domain 
deletion 

02 M 4 1 4 4 PRP No Ent Not tested 
03 M 11 1 5 5 FH Yes Col, Lap, Ent 6 790–793delTTTG F264RfsX22 
04 M 28 0 5 5 Sto Yes Lap, EGD, Col, 

Ent 
No mutation detected 

05 M 6 2 6 6 PRP No EGD, Col 4 597 + 1G > T(IVS4) Splicing error 
06 M 19 1 6 6 Int Yes Lap, Ent 7 863–2A > G(IVS6) Splicing error 
07 M 32 5 6 6 Int Yes Lap, Ent 32 CRC 5 598 –1G ≥A(IVS4) ∗∗∗ Splicing error 
08 M 9 0 7 7 Hemato No Col, Ent 1 243delG 

∗∗∗ K81KfsX15 
09 M 7 3 7 6 NR Yes Lap Not tested 
10 F 17 2 9 9 BO Yes Lap 1 180C > G Y60X 

11 M 14 3 9 12 MP No Col, Ent Not tested 
12 F 27 5 10 10 Hemato Yes Lap 26 SC 5 667G ≥T 

∗∗∗ E223X 

13 M 13 2 10 10 Int Yes Lap No mutation detected 
14 F 24 0 11 11 FH Yes Lap 30 ∗∗ CRC 7 863–2A > G(IVS6) Splicing error 
15 M 22 7 11 11 NR Yes Lap Not tested 
16 M 18 4 12 12 MP Yes EGD, Col, Lap 6 735–1G > A(IVS5) Splicing error 
17 F 23 3 12 12 Int Yes Lap No mutation detected 
18 F 14 4 13 13 Int Yes Lap Not tested 
19 M 27 5 14 14 Hemate No EGD, Ent 4 580G > A D194N 

20 M 25 1 17 17 BO Yes Col, Lap 5 725G > A G242E 

21 M 23 1 18 18 Dia No Ent 4 580G > A D194N 

22 F 20 0 18 18 Int Yes Lap 7 910C > T R304W 

23 M 20 2 18 18 NR Yes Lap Not tested 
24 M 20 NR 19 19 NR No EGD, Col No mutation detected 
25 M 25 4 19 19 Int Yes Lap No mutation detected 
26 F 27 4 19 19 Int Yes Lap Not tested 

( continued on next page ) 



52
 

Y.-L.
 Jiang,

 Z
.-Y.

 Z
hao

 and
 B

.-R
.
 Li

 et
 al.

 

Table 2 ( continued ) 

ID and Sex Age ∗ Reason 
for visit 

Laparotomy Intervention Tumorigenesis Mutation 

P MP D F Age Tumor Exon Nucleotide Amino acid 
change/effect 

27 M 19 0 19 10 Int Yes Lap Not tested 
28 M 34 4 20 20 NR Yes Lap 1 109C > T Q37X 

29 M 29 5 20 20 MP Yes Lap 29 SBC 1 157delG D53TfsX11 
30 M 33 10 21 21 Int Yes Lap 1 290 + 1G > A(IVS1) Splicing error 
31 F 23 NR 22 22 Hemato No EGD, Ent 5 716G > A W239X 

32 M 39 0 22 15 NR Yes Lap 7 
907_915delATCCGGCAG 

303–305delIRQ 

33 M 23 0 23 23 NR No Ent 3 464 ±1G ≥A(IVS3) ∗∗∗ Splicing error 
34 F 28 18 23 23 BO Yes EGD, Lap No mutation detected 
35 M 26 0 25 25 MP No EGD, Col No mutation detected 
36 M 36 0 25 17 Int Yes Lap, Ent 4 527A > G D176G 

37 F 33 2 26 20 Vom Yes Lap Not tested 
38 F 36 3 27 10 Int Yes Lap, Ent Not tested 
39 M 36 0 27 27 Sto Yes Col, Lap, Ent 2 291–2A > C(IVS1) Splicing error 
40 F 32 3 31 31 NR Yes Lap 31 OMC 5 658C > T Q220X 

41 M 32 4 32 7 Int Yes Lap NR 

∗∗ RC No mutation detected 
42 M 41 10 34 18 NR Yes Lap 1 290 + 1G > T(IVS1) Splicing error 
43 F 36 5 34 34 Int Yes Lap 1 del(exon1) Kinase domain 

deletion 
44 M 41 1 35 35 NR No EGD, Col Not tested 
45 M 42 1 38 38 NR No Col NR 

∗∗ SBC Not tested 
46 F NR NR NR NR NR NR Col NR NR No mutation detected 
47 M 24 NR NR NR NR NR Col NR NR Not tested 

∗ The unit of measurement is year. P, present; MP = mucocutaneous pigmentation; D, diagnosis; F, first polypectomy. 
∗∗ These three patients had family history of cancer, and their parents who were PJS patients had cancers. 
∗∗∗ There are four novel mutations, which are shown with underlines. 

Ad = adopted; BO = bowel obstruction; CE = capsule endoscopy; Col = colonoscopy; CRC = colorectal cancer; Dia = diarrhea; EGD = esophagogastroduodenoscopy; Ent = enteroscopy; 
FH = family history; G = gastroduodenal; Hemate = hematemesis; Hemato = hematochezia; Int = Intussusception; Lap = Laparotomy; OMC = ovarian mucinous carcinoma; 
MP = mucocutaneous pigmentation; NA = not available; NR = not recorded; PJS;. = Peutz-Jeghers syndrome; PRP = prolapsed rectal polyp; SB = small bowel; SBC = small bowel 
cancer; SC = Sertoli cell tumor; Sto = stomachache; Vom = vomiting. 
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Fig. 1 Genogram of PJS probands with a family history of PJS. Pedigrees of the 17 PJS cases with a positive family history. 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. Individuals with cancer history are denoted using 
a pink label in the upper left quadrant of the symbols. The probands are indicated by arrows. PJS, Peutz-Jeghers syndrome. 

Table 3 Information of mutation detection studies in PJS probands. 

Author Year Country N 

∗ PCR 

∗∗ MLPA 

∗∗ TotalDR 

(%) 
Journal 

N DR (%) N DR (%) 

Aretz 2005 Germany 71 37 52.1 17 23.9 76.0 Hum Mutat 
Chow 2006 Australia 33 14 42.4 10 30.3 72.7 Clin Genet 
Hearle 2006 UK 38 19 50.0 6 15.8 65.8 J Med Genet 
Volikos 2006 Europe 76 48 63.2 11 14.5 77.6 J Med Genet 
Yang 2010 Korea 17 5 29.4 6 35.3 64.7 Dig Dis Sci ∗∗∗

Orellana 2013 Chile 8 3 37.5 4 50.0 87.5 Clin Genet 
Wang 2014 China 52 27 51.9 8 15.4 67.3 Hum Mutat 
Zheng 2017 China 11 4 36.4 5 45.5 81.8 J Pediatr 

Gastroenterol 
Nutr ∗∗∗

Zhao 2018 China 34 23 67.6 2 5.9 73.5 –
∗ N , number of PJS probands. 
∗∗ PCR, polymerase chain reaction; MLPA, multiple ligation-dependent probe amplification; DR, detection rate. 
∗∗∗ The probands are children. 

 

 

 

 

 

 

 

 

 

 

 

dysplasia. However, Hearle’s study [17] , comprising 419
cases and 297 documented mutations, which is the largest
one on this topic, reported that the type or site of STK11 muta-
tion did not significantly influence cancer r isk. Surpr isingly, in
our study, we noticed a significantly higher frequency of splic-
ing errors in STK11 in our cohort than in the HGMD (9/25 vs .
40/413, χ2 = 16.429, p < 0.01). However, we did not find any
association between splicing errors and severe surgical com-
plications or cancers (Table S4 and S5). 

In summary, we validated the effectiveness of the com-
bined strategy, consisting of Sanger sequencing and MLPA,
for STK11 mutation detection, with a total detection of 73.5%,
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Fig. 2 Clinicopathological feature of patients with PJS patients. (A) and (B) Melanin pigmentation spots of the lips and fingers in patient 
II: two in PJS13 family. (C) Melanin pigmentation spots of the lips in patient III: one in PJS44 family, which is super nor mal obvious. 
( D) Abdominal computed tomography scan of patient III: One in PJS07 showed intussusception in the left abdomen. (E) Endoscopic 
view of a jejunal giant polyp with a diameter of 5.5 cm in patient PJS02 who was only 4 years old. ( F) Endoscopic view of the giant 
polyp in patient PJS07, which already showed tumorigenesis. ( G) Hematoxylin and eosin-stained tissue slices of the polyp specimens 
in patient PJS12, confirmed as hamartomatous. Upper, ×40 magnification; lower, ×100 magnification. PJS, Peutz-Jeghers syndrome. 
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Fig. 3 Distribution of the 25 STK11 mutations detected (A) and the electropherograms of the four novel mutations, together with 
MLPA analysis of the del(exon1) (B). MLPA, multiple ligation-dependent probe amplification. 
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and noticed significantly more splicing errors in this Chinese
Han cohort than that in the universal database HGMD. Al-
though no association between the occurrence of severe com-
plications or cancers and certain risk factors was found, we
still believe in early screening in patients with PJS patients
and the wider use of DBE in PJS surveillance. 
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