Gastroenterology

Baishideng Publishing Group Inc



World Journal of
Gastroenterology

Jaishideng®

Contents Weekly Volume 29 Number 21 June 7, 2023
REVIEW
3222 Crohn's disease: Why the ileum?
Richard N, Savoye G, Leboutte M, Amamou A, Ghosh S, Marion-Letellier R
3241  Emerging role of the gut microbiome in post-infectious irritable bowel syndrome: A literature review
Lupu VV, Ghiciuc CM, Stefanescu G, Mihai CM, Popp A, Sasaran MO, Bozomitu L, Starcea IM, Adam Raileanu A, Lupu A
MINIREVIEWS
3257  Biliary complications after liver transplantation: A computed tomography and magnetic resonance
imaging pictorial review
Vernuccio F, Mercante I, Tong XX, Crimi F, Cillo U, Quaia E
ORIGINAL ARTICLE
Basic Study
3269  Effects of ethanol and sex on propionate metabolism evaluated via a faster C-propionate breath test in
rats
Sasaki Y, Kawagoe N, Imai T, Urita Y
3280  Fibroblast growth factor 15, induced by elevated bile acids, mediates the improvement of hepatic glucose
metabolism after sleeve gastrectomy
Wei M, Cao WB, Zhao RD, Sun DP, Liang YZ, Huang YD, Cheng ZW, Ouyang J, Yang WS, Yu WB
Retrospective Cohort Study
3292  Ineffective esophageal motility is associated with acute rejection after lung transplantation independent of
gastroesophageal reflux
Lo WK, Hiramoto B, Goldberg HJ, Sharma N, Chan WW
Clinical Trials Study
3302  Peutz-Jeghers syndrome without STK11 mutation may correlate with less severe clinical manifestations in
Chinese patients
Jiang LX, Chen YR, Xu ZX, Zhang YH, Zhang Z, Yu PF, Dong ZW, Yang HR, Gu GL
Observational Study
3318  Artifacts in two-dimensional shear wave elastography of liver
Wang HP, Zheng PC, Wang XM, Sang L
3328  Therapeutic anticoagulation for splanchnic vein thrombosis in acute pancreatitis: A national survey and
case-vignette study
Sissingh NJ, Groen JV, Timmerhuis HC, Besselink MG, Boekestijn B, Bollen TL, Bonsing BA, Klok FA, van Santvoort HC,
Verdonk RC, van Eijck CHJ, van Hooft JE, Mieog JSD
WJG | https://www.wjgnet.com I June7,2023 | Volume?29 | Issue?2l



Contents

World Journal of Gastroenterology

Weekly Volume 29 Number 21 June 7, 2023

3341

SYSTEMATIC REVIEWS

Lumen-apposing-metal stent misdeployment in endoscopic ultrasound-guided drainages: A systematic
review focusing on issues and rescue management

Armellini E, Metelli F, Anderloni A, Cominardi A, Aragona G, Marini M, Pace F

3362

META-ANALYSIS

Association of non-alcoholic fatty liver and metabolic-associated fatty liver with COVID-19 outcomes: A
systematic review and meta-analysis

Jagirdhar GSK, Qasba RK, Pattnaik H, Rama K, Banga A, Reddy ST, Flumignan Bucharles AC, Kashyap R, Elmati PR,
Bansal V, Bains Y, DaCosta T, Surani S

3379

ACADEMIC WRITING
How to select a journal for your research

Ramia JM

JBaishideng®

WIJG | https://www.wjgnet.com I June7,2023 | Volume29 | Issue2l |



World Journal of Gastroenterology

Contents

Weekly Volume 29 Number 21 June 7, 2023

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Wei Jiang, MD, PhD, Chief Doctor, Professor,
Department of Gastroenterology, Zhongshan Hospital, Fudan University, Shanghai 200032, China. jiang.wei@zs-
hospital.sh.cn

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports, Index Medicus, MEDLINE, PubMed, PubMed
Central, Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and
Technology Journal Database, and Superstar Journals Database. The 2022 edition of Journal Citation Reports® cites
the 2021 impact factor (IF) for WJG as 5.374; IF without journal self cites: 5.187; 5-year IF: 5.715; Journal Citation
Indicator: 0.84; Ranking: 31 among 93 journals in gastroenterology and hepatology; and Quartile category: Q2. The
WIJG’s CiteScore for 2021 is 8.1 and Scopus CiteScore rank 2021: Gastroenterology is 18/149.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Y7 Yuan; Production Department Director: Xiang Ii; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/1007-9327/editorialboard.htm https:/ /www.wignet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 7, 2023 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WJG | https://www.wjgnet.com 11 June7,2023 | Volume?29 | Issue?2l


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

World Journal of
Gastroenterology

Submit a Manuscript: https:/ /www.f6publishing.com World | Gastroenterol 2023 June 7; 29(21): 3302-3317

DOI: 10.3748 / wjg.v29.i21.3302

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Clinical Trials Study

ORIGINAL ARTICLE

Peutz-Jeghers syndrome without STK71 mutation may correlate with
less severe clinical manifestations in Chinese patients

Li-Xin Jiang, Yu-Rui Chen, Zu-Xin Xu, Yu-Hui Zhang, Zhi Zhang, Peng-Fei Yu, Zhi-Wei Dong, Hai-Rui Yang,

Guo-Li Gu

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Katagiri R, Japan; Lee
EW, South Korea; Yashiro M, Japan

Received: January 20, 2023
Peer-review started: January 20,
2023

First decision: February 15, 2023
Revised: April 6, 2023
Accepted: May 4, 2023

Article in press: May 4, 2023
Published online: June 7, 2023

Li-Xin Jiang, Yu-Rui Chen, Air Force Clinical College of China Medical University, Beijing
100142, China

Zu-Xin Xu, Fifth Clinical College (Air Force Clinical College) of Anhui Medical University,
Beijing 100142, China

Yu-Hui Zhang, Zhi Zhang, Peng-Fei Yu, Zhi-Wei Dong, Hai-Rui Yang, Guo-Li Gu, Department of
General Surgery, Air Force Medical Center, Chinese People's Liberation Army, Fifth Clinical
(Air Force Clinical College) of China Medical University, Beijing 100142, China

Corresponding author: Guo-Li Gu, MM, Chief Doctor, Director, Department of General
Surgery, Air Force Medical Center, Chinese People's Liberation Army, Air Force Clinical
College of China Medical University, No. 30 Fucheng Road, Haidian District, Beijing 100142,
China. kzggl@163.com

Abstract

BACKGROUND

Peutz-Jeghers syndrome (PJ]S) is an autosomal dominant genetic disease with skin
mucosal pigment spots and gastrointestinal (GI) multiple hamartoma polyps as
clinical characteristics. At present, it is considered that the germline mutation of
STK11 gene is the genetic cause of PJS. However, not all PJS patients can be
detected STK11 germline mutations. The specific clinical characteristics of these
PJS patients without STK11 mutation is an interesting clinical question. Or, like
wild type GI stromal tumor, whether these PJS without STK11 mutation are also
called PJS is worth discussing. Therefore, we designed the study to understand
the clinical characteristics of these PJS patients without STK11 mutation.

AIM
To investigates whether PJS patients with known STK11 mutations have a more
severe spectrum of clinical phenotypes compared to those without.

METHODS

A total of 92 patients with PJS admitted to the Air Force Medical Center from 2010
to 2022 were randomly selected for study. Genomic DNA samples were extracted
from peripheral blood samples, and pathogenic germline mutations of STK11
were detected by high-throughput next-generation gene sequencing. Clinical-
pathologic manifestations of patients with and without STK11/LKB1 mutations
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were compared.

RESULTS

STK11 germline mutations were observed in 73 patients with PJS. Among 19 patients with no
detectable STK11 mutations, six had no pathogenic germline mutations of other genes, while 13
had other genetic mutations. Compared with PJS patients with STK11 mutations, those without
tended to be older at the age of initial treatment, age of first intussusception and age of initial
surgery. They also had a lower number of total hospitalizations relating to intussusception or
intestinal obstruction, and a lower load of small intestine polyps.

CONCLUSION
PJS patients without STK11 mutations might have less severe clinical-pathologic manifestations
than those with.

Key Words: Peutz-Jeghers syndrome; STK//; Mutant type; Wild type

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Peutz-Jeghers syndrome (PJS) is an autosomal dominant genetic disease with skin mucosal
pigment spots and gastrointestinal (GI) multiple hamartoma polyps as clinical characteristics. At present, it
is considered that the germline mutation of STK// gene is the genetic cause of PJS. However, not all PJS
patients can be detected STK// germline mutations. The specific clinical characteristics of these PJS
patients without STK7/ mutation is an interesting clinical question. Or, like wild type GI stromal tumor,
whether these PJS without STK/1 mutation are also called PJS is worth discussing. Therefore, we
designed the study to understand the clinical characteristics of these PJS patients without STK// mutation.
Final results found that PJS patients without STK// mutations might have less severe clinical-pathologic
manifestations than those with.

Citation: Jiang LX, Chen YR, Xu ZX, Zhang YH, Zhang Z, Yu PF, Dong ZW, Yang HR, Gu GL. Peutz-Jeghers
syndrome without STK// mutation may correlate with less severe clinical manifestations in Chinese patients.
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INTRODUCTION

Peutz-Jeghers syndrome (P]S) is an autosomal dominant disorder which is mainly characterized by
mucocutaneous pigmentation and hamartomatous polyps of the gastrointestinal (GI) tract[1,2]. While
PJS is rare, with an estimated prevalence of 1:200000 births[3], the continuous growth of multiple GI
polyps predisposes patients to serious complications including intussusception, intestinal obstruction,
GI bleeding and malignancies. PJS patients also have a markedly increased risk of developing various
neoplasms in extraintestinal sites such as the lungs, liver and breast[4].

Germline mutations in the STK11 gene (also named LKB1), which is located on Chromosome 19p13.3
and encodes a serine/threonine protein kinase[5], have been identified as the major cause of PJS[6,7].
STK11 is a tumor suppressor gene comprised of 433 amino acids with nine coding exons and one non-
coding exon[8]. Depending on the screening method, STK11 variants can be detected in over 80%-90% of
PJS cases[8,9]. Previous studies have largely focused on exploring the phenotypic landscape of STK11
variants based on their type or location. Due to the rare nature of PJS, very few studies have attempted
to examine the correlations between STK11 mutations and overall severity of PJS phenotype in terms of
the earlier onset of GI pathology arising from the polyps, such as intussusception or earlier onset
malignancy. Understanding the phenotypic differences between PJS patients with and without STK11
variants could facilitate more personalized care for PJS patients and their families via appropriate
counseling, risk stratification and targeted cancer screening[10].

A total of 92 PJS patients admitted to the Air Force Medical Center between February 2010 and
February 2022 were randomly selected for inclusion in the study, and their peripheral venous blood was
collected for high-throughput next-generation gene sequencing (NGS). 73 cases in which STK11 gene
mutations were detected were named mutant-type, and 19 cases in which no STK11 gene mutations
were detected were named wild-type. In this retrospective study, we aimed to investigate the
differences in clinical phenotypes between wild-type and mutant-type STK11 gene, and provide a
theoretical basis for a more precise medical monitoring and follow-up strategy for different types of PJS
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patients.

MATERIALS AND METHODS

Study participants

A total of 92 patients with PJS admitted to the Air Force Medical Center, PLA between February 2010
and February 2022 were randomly selected for inclusion in the study, and all patients met the diagnostic
criteria for PJS recommended by the NCCN guidelines[11]. All enrolled patients and their guardians
were aware of the purpose and process of the study, and had signed informed consent agreements. All
data and information collection for this study followed the ethical principles of the Universal
Declaration on the Human Genome and Human Rights, Declaration of Helsinki and Statement of the
Human Genome Organisation Ethics Committee on DNA Sampling, Control and Access.

Inclusion and exclusion criteria
Inclusion criteria: All enrolled patients met the clinical diagnostic criteria of PJS[12-14] (in accordance
with any of the following): (1) Two or more histologically confirmed PJS polyps; (2) Any number of PJS
polyps in an individual with a family history of PJS in close relative(s); (3) Characteristic mucocutaneous
pigmentation in an individual with a family history of PJS in close relative(s); and (4) Any number of
PJS polyps in an individual with characteristic mucocutaneous pigmentation. Peripheral venous blood
was retained and genomic DNA extracted, and the sequence of the coding region of the STK11 gene was
detected using polymerase chain reaction (PCR) amplification and NGS sequencing.

Exclusion criteria: Patients who could not meet both of the above two inclusion criteria, could not
provide experimental specimens or did not agree to participate in this study.

Research methods

Observational index: The general information, diagnosis and treatment history, pathology, times of
examination and other clinical data of the 92 enrolled PJS patients were collected for statistical analysis.
The observed indices were as follows: (1) General patient information: Origin, gender, personal marital
status, family history and ABO/RH blood groups; (2) History of diagnosis and treatment: Age of initial
treatment, age of mucocutaneous pigmentation appearance, order of mucocutaneous pigmentation
appearance, time interval from mucocutaneous pigmentation appearance to abdominal symptoms
(abdominal pain, intestinal obstruction, GI bleeding, etc.), location of GI polyps, load and maximum
diameter of GI polyps, pathology of polyps, carcinogenesis, total hospitalizations, number of operations
and final age of follow-up; (3) Examinations: Endoscopic examinations and times of GI imaging examin-
ations; and (4) Other: Comorbidities.

Genetic sequencing: EDTA anticoagulation tubes were used to extract 8 mL of peripheral venous blood
from PJS patients. Leukocytes were isolated and DNA extracted, and the extracted DNA was
interrupted by ultrasound using a Covaris M220 instrument to build a DNA library. The DNA library
was then purified and hybridised by the probe library, which would bind specifically to the target DNA
fragment through the principle of complementary binding of nucleic acid sequences. Magnetic beads
conjugated with streptavidin were mixed with the hybridisation solution, and the streptavidin was
tightly bound to the biotin. The captured exon target fragment was indirectly bound by the probe to the
beads, which were adsorbed by a magnet, and the supernatant was discarded. The unbound DNA
fragments were washed off and the desired DNA library eluted from the beads with the eluent. The
eluted DNA library was then amplified using a PCR instrument. Lastly, NGS sequencing was used to
detect full exons and associated single nucleotide polymorphism (SNP) and microsatellite instability

sites for previously reported genes associated with hereditary GI tract tumors, including STK11
(Table T).

Statistical analysis: Statistical analysis was carried out using the SPSS 26.0 software package: (1) Cases
and proportion of qualitative data were presented as percentages (%), and comparisons between groups
were conducted using the chi-square test or Fisher's exact test; and (2) The t-test was used for quantitative
data that matched the normal distribution with equal variance, the t-test was used for those with
unequal variance and the rank sum test was used for skewed data; P < 0.05 was considered statistically
significant.

RESULTS

Analysis of NGS test results
The 73 of 92 patients with PJS (79.3%) in this group had STK11 gene mutations, of which 47 had STK11
gene mutations in combination with other mutations. 19 of the 92 PJS patients (20.7%) had no STK11
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No. Genes
1 AKT1
2 BRAF
3 CYP2D6
4 GALNT12
5 MET
6 NRAS
7 POLD1
8 SDHC
9 UGT1A1
10 APC
11 BRCA1
12 DPYD
13 GREM1
14 MLH1
15 PDGFRA
16 POLE
17 SDHD
18 ATM
19 BRCA2
20 EGFR
21 HRAS
22 MSH2
23 PIK3CA
24 PTCH1
25 SMAD4
26 BLM
27 CDH1
28 EPCAM
29 KIT
30 MSH6
31 PMS1
32 PTEN
&5 STK11
34 BMPRA
65 CHEK2
36 ERBB2
37 KRAS
38 MUTYH
39 PMS2
40 SDHB
41 TP53
WIJG | https://www.wjgnet.com 3305 June7,2023 | Volume29 | Issue2l |
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gene mutations, of which 6 (6.6%) had no other gene mutations and 13 (14.1%) had other gene
mutations in the 41 genes group. By comparing the Human Gene Mutation Database (HGMD) (http://
www.hgmd.cf.ac.uk/ac/index.php), dbSNP database (https://www.ncbi.nlm.nih.gov/snp/) and
COSMIC database (https://cancer.sanger.ac.uk/cosmic/), a total of 582 STK11 gene mutant sites were
included in HGMD as of March 1, 2022. We identified 21 new mutant sites in other genes (Table 2) and
26 new STK11 gene mutant sites (Table 3).

Gene detection results and pathogenicity analysis of PJS with mutant-type STK11: STK11 gene
detection results and pathogenicity analysis. STK11 gene mutations were detected in 73 PJS patients in
our group. By making comparisons with the dbSNP and COSMIC databases, 49 PJS-related gene
mutations were included and 26 STK11 gene mutation sites were newly identified by sequencing in this
group (Table 3). Types of STK11 gene mutations included premature termination codons (24), frame
shift mutations (14), splice site variants (13), missense mutations (17), nonsense mutations (4), mutations
in the 3' untranslated region (2) and gene fusion (1).

The pathogenicity of STK11 gene mutations was determined by comparing the HGMD and ClinVar
gene mutations in the disease database, and following the corresponding grading criteria (Table 3). By
making conservative predictions of amino acid sequences, we made determinations about the
pathogenicity of STK11 gene mutations according to the corresponding grading criteria (Table 3):
Premature termination codons, frame shift mutations, splice site variants, missense mutations, nonsense
mutations and mutations in the 3' untranslated region were associated with pathogenicity. Premature
termination codons accounted for 58.3% (14/24) that were clearly pathogenic and 41.7% (10/24) that
were probably pathogenic. Frameshift mutations accounted for 35.7% (5/14) that were clearly
pathogenic, 50.0% (7/14) that were probably pathogenic and 14.3% (2/14) that were of uncertain
significance. Splice site mutations accounted for 23.1% (3/13) that were clearly pathogenic, 61.5% (8/13)
that were probably pathogenic and 15.4% (2/13) that were of uncertain significance. Missense mutations
accounted for 17.6% (3/17) that were clearly pathogenic, 41.2% (7/17) that were probably pathogenic
and 41.2% (7/17) that were of uncertain significance. 3' untranslated region mutations accounted for
50.0% (1/2) that were clearly pathogenic and 50.0% (1/2) that were probably pathogenic. All four
nonsense mutations were clearly pathogenic (100.0%).

Other gene detection results and pathogenicity analysis in PJS patients with mutant-type STKI11:
Among the 73 PJS patients with mutant-type STK11, 47 were combined with other gene mutations:
Combined with AKT1 mutation in 3 cases, APC mutation in 4 cases, ATM mutation in 5 cases, BLM
mutation in 3 cases, BRCA2 mutation in 4 cases, CDH1 mutation in 3 cases, CHEK2 mutation in 3 cases,
EGFR mutation in 1 case, EPCAM mutation in 1 case, GALNT12 mutation in 6 cases, KIT mutation in 3
cases, MUTYH mutation in 5 cases, MSH6 mutation in 5 cases, MSH2 mutation in 4 cases, MLH1
mutation in 1 case, PDGFRA mutation in 5 cases, PIK3CA mutation in 1 case, PMS1 mutation in 1 case,
PMS2 mutation in 1 case, POLD1 mutation in 3 cases, PTCH1 mutation in 4 cases, POLE mutation in 8
cases and TP53 mutation in 2 cases.

Among the other gene mutations in PJS patients with mutant-type STK11, there were 52 missense
mutations (68.4%), 5 intron mutations (6.6%), 11 mutations in the 3' untranslated region (14.5%), 3 splice
site mutations (4.0%), 1 premature termination codon (1.3%), 1 frameshift deletion (1.3%), 1 mutation in
the 5' untranslated region (1.3%), 1 upstream gene mutation (1.3%) and 1 case (1.3%) of stop gain. All
mutations were of uncertain significance (100.0%) (Figure 1).

Gene detection results and pathogenicity analysis in PJS patients with wild-type STK11: Wild-type
PJS gene mutations included BLM mutation in 2 cases, BMPRIA mutation in 1 case, POLD1 mutation in
3 cases, CHEK2 mutation in 4 cases, MUTYH mutation in 6 cases, SDHC mutation in 1 case, POLE
mutation in 2 cases, BRCA mutation in 3 cases, APC mutation in 2 cases, CDHI mutation in 1 case, ATM
mutation in 3 cases, ERBB2 mutation in 1 case, SMAD4 mutation in 1 case and SBDS mutation in 1 case.

Among the other gene mutations in wild-type PJS patients, there were 23 missense mutations (74.2%),
5 intron mutations (16.1%), 1 splice site mutation (3.2%), 1 frameshift deletion (3.2%) and 1 mutation in
the 3' untranslated region (3.2%). All mutations were of uncertain significance (Table 4).

Comparison of general information, diagnosis and treatment, pathology and examinations

Through the comparison of related items between the two groups (Table 5), it can be found that there
were significant differences between the two groups in the following items (P < 0.05). Such as Age of
initial treatment, Total hospitalizations, Age of first intussusception, Frequency of intussusception, Age
of initial surgery, Time interval from mucocutaneous pigmentation appearance to abdominal
symptoms, Maximum diameter of gastric polyps, Load of duodenal intestine polyps, Distribution of
colorectal polyps, Times of endoscopic examinations.

Exploration of PJS genotype-clinical phenotype linkage

Clinical phenotypic variations between PJS with mutant-type and wild-type STK11: (1) There were no
statistical differences in gender, family history, ABO blood group or Rh blood group between PJS with
mutant-type and wild-type STK11; (2) There were differences (P < 0.05) between wild-type and mutant-
type in age of initial treatment, total hospitalizations, age of first intussusception, frequency of intussus-
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Table 2 21 new mutant sites in other genes

Sample Gene Description HGVSc Mutation type

1 AKT1 p-E135G c.404A>G Missense variant

2 APC p.A41T c121G>A Missense variant

8 APC p-C417G ¢.1249T>G Missense variant

4 ATM p-L2750" ¢.8249T>G Stop gained

5 ATM p-A84S ¢.250G>T Missense variant

6 ATM p11332M ¢.3996T>G Missense variant

7 BLM p-E1035G c.3104A>G Missense variant

8 BRCA2 p-D635E c.1905T>A Missense variant

9 BRCA2 p.T1346N c.4037C>A Missense variant

10 CHEK2 ¢.908+16T>G c.908+16T>G Intron variants

11 CDH1 c47G>A' c47G>A! 3 prime UTR variant
12 CDH1 p.S145Y c434C>A Missense variant

13 CDH1 p-883Yext?! €.2649G>C Stop lost

14 GALNT12 c.-6G>T c.-6G>T Upstream genetic variant
15 KIT p-M2891 ¢.867G>C Missense variant

16 MLH1 p.T451R ¢.1352C>G Missense variant

17 PMS1 p-D405E c1215T>A Missense variant

18 POLE p-R1556G c.4666C>G Missense variant

19 POLD1 p-K486del c.1456_1458del Conservative inframe deletion
20 SDHC p.L106V ¢.316C>G Missense variant

21 SMAD4 p-A309V c.926C>T Missense variant

'Nonsense mutation leading to protein inactivation.

ception and age of initial surgery, with wild-type PJS having a much higher age of initial treatment,
much smaller number of total hospitalizations, higher age of first intussusception and lower frequency
of intussusception than mutant-type PJS. There was no statistical difference between wild-type and
mutant-type PJS in number of operations; (3) There was no statistical difference between wild-type and
mutant-type PJS in age or order of mucocutaneous pigmentation appearance, but there was a difference
in time interval from mucocutaneous pigmentation appearance to abdominal symptoms (P < 0.05),
which was longer in wild-type PJS than in the mutant-type PJS; (4) There was no statistical difference in
distribution and load of gastric polyps between wild-type and mutant-type PJS, but the maximum
diameter of gastric polyps was significantly lower in wild-type PJS than mutant-type PJS (P < 0.05).
There was no statistical difference in distribution and maximum diameter of duodenal intestine polyps,
but there was a difference in load of duodenal intestine polyps (P < 0.05), which was much lower in
wild-type PJS than in mutant-type PJS. There was no statistical difference in load and maximum
diameter of colorectal polyps, but distribution of colorectal polyps was significantly lower in wild-type
PJS than in mutant-type PJS; and (5) There was no statistical difference in pathology or carcinogenesis of
polyps between wild-type and mutant-type PJS. There was a difference in endoscopic examination
between wild-type and mutant-type PJS (P < 0.05), with fewer times of endoscopic examination in wild-
type than mutant-type PJS.

Clinical phenotypic differences between mutant-type PJS combined with other mutations and not
combined with other mutations: (1) MUYTH: There was a difference in ABO blood group between
mutant-type PJS with and without MUYTH mutations (P < 0.05); (2) CHEK2: There were differences in
ABO blood group, total hospitalizations and number of operations between mutant-type PJS with and
without CHEK2 mutations (P < 0.05); (3) APC: There were differences in distribution, load and
maximum diameter of gastric polyps between mutant-type PJS with and without APC mutations (P <
0.05); (4) CDH1: There were differences in load and maximum diameter of duodenal intestine polyps
between mutant-type PJS with and without CDHI mutations (P < 0.05); (5) GALNT12: There were
differences in time interval from mucocutaneous pigmentation appearance to abdominal symptoms and
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Table 3 Characterization and pathogenicity of STK711 mutations

Sample Mutation_type Description  HGVSc dbSNP RS COSM_ID Classification

1 Stop gained p-Y60' ¢.180C>G / COSM20874 P

2 Splice acceptor variant c.921-1G>A c.921-1G>A / COSM49008 LP

3 Splice acceptor variant ¢.921-1G>C ¢.921-1G>C 15398123406 / P

4 Stop gained p-Ks4! ¢.250A>T 15137853076 COSM3388586;, COSM3388585 P

5 Splice acceptor variant c.921-1G>C c.921-1G>C 15398123406 / P

6 Stop gained p-Q123! ¢367C>T / COSM5224269; COSM380443 P

7 Missense variant p-W239C c.717G>T / COSM333593;, COSM4278104 LP

8 Missense variant p-R297S c.891G>T 15730881984 / P

9 Stop gained p-Q100’ ¢.298C>T / / LP

10 Stop gained p.K84' c.250A>T 15137853076  COSM3388586, COSM3388585 P

11 Missense variant p-R409W c.1225C>T 15368466538 COSM25854 Vvus

12 Stop gained p-Q112' ¢.334C>T / COSM3528680; COSM3528681 LP

13 Missense variant p-D176N c.526G>A 15730881979 COSM4827691; COSM4827690 P

14 Stop gained p-K84! c.250A>T 15137853076 COSM3388586;, COSM3388585 P

15 Missense variant p-R304W ¢.910C>T 15786201090 COSM29468 LP

16 Stop gained p-E120" ¢.358G>T 15775595174 COSM20875 P

17 Stop gained p.Ks4! ¢.250A>T rs137853076 COSM3388586; COSM3388585 P

18 Conservative inframe p-Y60fs ¢.179dup 15876661012 COSM5219400; COSM1480565 P
deletion

19 Stop gained p-R86' ¢.256C>T / COSM4767773; COSMA4767772 P

20 Stop gained p-Q170" c.508C>T 15121913323 COSM20943 LP

21 Stop gained p-Q170" c.508C>T 15121913323 COSM20943 LP

22 Missense variant p.S240W c.719C>G 15730881976 / Vvus

23 Splice acceptor variant c.921-2A>G c.921-2A>G / / LP

24 Splice acceptor variant ¢.921-1G>C ¢.921-1G>C 15398123406 / P

25 Conservative inframe p-P281fs c.842del 15121913321 COSM4336438; COSM20871 I
deletion

26 Splice acceptor variant p.L245F c.733C>T / COSM1523960; COSM4278108 vUs

27 Stop gained p-Q137' c.409C>T 15730881970 COSM48901 P

28 Stop gained p-Q137' c.409C>T 15730881970 COSM48901 P

29 Stop gained p-Q123' ¢.367C>T / COSM5224269; COSM380443 P

30 Missense variant p.D194N c.580G>A 15121913315 COSM25847 Vus

31 3_prime_UTR_variant c.201G>A' c.201G>A! 15528679025 / P

32 Splice acceptor variant ¢.598-2A>G ¢.598-2A>G / / LP

33 Stop gained p-Q159' c475C>T / COSM5002233; COSM27316 LP

34 Gene fusion STK11-MIDN  / / / LP

35 Conservative inframe p.D53fs c.157del / COSM27282; COSM6048514 VUS
deletion

36 Missense variant p.D194N c.580G>A 15121913315 COSM25847 LP

37 Missense variant p-P179Q c.536C>A / COSM4822602;, COSM4822601 LP

38 Stop gained p.-W308' c.924G>A / / LP

39 Stop gained p-E65! c.193G>T / COSM20876 P
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40 Splice acceptor variant ¢.920+1G>C c.920+1G>C / COSM4412472; COSM4412473 LP

41 Conservative inframe p.C134fs c.402_403del 15587782424 COSMb5508976; COSM5508975 P
deletion

42 Nonsense variant p.Q220X c.658C>T / COSM13480; COSM4278102 P

43 Nonsense variant p-Y60X c.180del / COSM20874; COSM27322; COSM48900; I

COSM5490514

44 Missense variant p.D194N c.580G>A 15121913315 / LP

45 Missense variant p-R297K c.890G>A / COSM401786; COSM6149636 LP

46 Splice acceptor variant / c.863-2A>G / / LP

47 Nonsense variant p.Q137X c.409C>T rs730881970 / P

48 Splice acceptor variant ¢.735-6_735- €.735-6_735- 15759090799 / vus

2del 2del
Conservative inframe p.L183fs c.548del / / LP
deletion”

49 3 prime UTR variant c201G>A' c201G>A' 1528679025 / LP
Conservative inframe p.C158fs c.472del / / vus
deletion”

50 Stop gained” p-Ks1! c241A>T / / LP

51 Missense variant” p.R304P c911G>C / / P

5] Missense variant” p-R297K c.890G>A / / LP

53 Conservative inframe p-E145fs c.426_448del / / LP
deletion”

54 Stop gained” p-Y272! c.816C>A / / LP

55 Stop gained” p-Q100 c.298C>T / / LP

56 Conservative inframe p.K64fs ¢.190_191del / / LP
deletion”

57 Splice acceptor variant” c.921-2A>G c.921-2A>G / / LP

58 Stop gained” p.Y292! c.876C>G / / LP

59 Conservative inframe p.T212fs c.634del / / LP
deletion”

60 Stop gained” p-K97! c.289A>T / / P

61 Missense variant” p.H154P c461A>C / / VvUs

62 Missense variant” p.A153P c.457G>C / / vus

63 Missense variant” p.L140P c419T>C / / vUs

64 Conservative inframe p.F264fs c.792del / / P
deletion”

65 Stop gained” p-W308' c.924G>A / / P

66 Splice acceptor variant” ¢.598-2A>G c.598-2A>G / / LP

67 Conservative inframe p.F157fs c.471_472del / / LP
deletion”

68 Conservative inframe p-S193fs ¢.577_578del / / LP
deletion”

69 Splice acceptor variant” c.734+1G>A c.734+1G>A / / LP

70 Missense variant” p.L290H c.869T>A / COSM20944; COSM25847; COSM4278092 Vvus

71 Nonsense variant” p-Y60X c179dup / / P

72 Conservative inframe p.L282Afs c.842dup / / P
deletion”

73 Conservative inframe p-V77Rfs c.228dup / COSM48901 LP
deletion”
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"Nonsense mutation leading to protein inactivationy.
2The table shows the 26 new STK11 mutation sites.
P: Pathogenic; LP: Likely pathogenic; VUS: Uncertain significance; SNP: Single nucleotide polymorphism.

Table 4 Characterization and pathogenicity of mutations in wild-type Peutz-Jeghers syndrome patients

Sample Gene  Description HGVSc Mutation_type dbSNP RS COSM_ID Classification
1 BLM p1947vV c.2839A>G Missense mutation 15189925962 NA Vus
BMPRIA p.A13T c.37G>A Missense mutation 15200115604 NA Vvus
POLD1  p.K486del c.1456_1458del Frameshift deletion NA NA Vus
2 CHEK2  p.S252N c.755G>A Missense mutation rs587781379 COSM6004987; Vus
COSM6004988
MUTYH ¢36+11C>T ¢.36+11C>T Intron mutations 152275602  COSN17145138 Vvus
SDHC p-.L106V c.316C>G Missense mutation NA NA Vus
B CHEK2  p.R181H c.542G>A Missense mutation rs121908701 NA Vvus
MUTYH ¢.37_39del' .37_39del' Mutation in the 3' untranslated 15373507005 NA Vus
region
MUTYH c.36+11C>T ¢36+11C>T Intron mutations rs2275602  COSN17145138 vuUs
MUTYH p.G25D c.74G>A Missense mutation rs75321043 NA Vvus
MUTYH p.P18L c.53C>T Missense mutation 1579777494 NA vUs
POLE ¢.3378+10A>G ¢.3378+10A>G Intron mutations rs193075152 NA Vvus
4 BLM p-M3481 c.1044G>A Missense mutation 15184657475 COSM1580597 Vus
5 BRCA1  p.P1192L ¢.3575C>T Missense mutation NA COSM4991001; Vvus
COSM4991000
BRCA2  p.F3328C c.9983T>G Missense mutation 15770826575 NA Vvus
CHEK2  pH371Y c1111C>T Missense mutation rs531398630 COSM4002125 Vvus
6 APC pI1524R c4571T>G Missense mutation rs200803739 NA Vvus
7 CDH1 p-S145Y c434C>A Missense mutation NA NA Vus
POLE ¢.3378+10A>G ¢.3378+10A>G Intron mutations rs193075152 NA Vvus
8 ATM c.3154-5C>T  ¢.3154-5C>T Intron mutations rs55719759 NA Vvus
CHEK2  p.S252N c.755G>A Missense mutation rs587781379 COSM6004987; Vus
COSM6004988
ERBB2  p.V1253M c.3757G>A Missense mutation rs36085723 NA VuUs
9 ATM p-11332M ¢.3996T>G Missense mutation NA NA Vus
POLD1  p.A532T c1594G>A Missense mutation 15765276497 NA Vvus
10 MUTYH c.934-2A>G c.934-2A>G Splice receptor mutation 1577542170 NA Vvus
SMAD4 p.A309V c.926C>T Missense mutation NA NA vus
11 APC p-A41T c121G>A Missense mutation NA NA Vvus
POLD1  p.R218H c.653G>A Missense mutation 15150010804 NA vUs
12 SBDS p-K33R c.98A>G Missense mutation rs373730800 COSM4826086 Vvus
13 ATM p-V5191 c.1555G>A Missense mutation NA NA Vus
BRCA2  p.H523R c.1568A>G Missense mutation rs80358443 NA VuUs

"Nonsense mutation leading to protein inactivation.
P: Pathogenic; LP: Likely pathogenic; VUS: Uncertain significance; NA: Not available.
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Table 5 Comparison of clinicopathological parameters between two groups

Project Wild-type (n=19) Mutant-type (n=73) P value
Gender

Male 11 44 0.851
Female 8 29

Family history

No 13 51 0.903
Yes 6 22

ABO blood group'

A 7 23 0.964
B 6 21

AB 4 18

o 2 9

Rh blood group’

Negative 0 0

Positive 19 71

Age of initial treatment (years) 18.474 + 8.8089 12.973 + 8.3881 0.021
Final age of follow-up (years) 30.842 +11.3101 27.425 +9.7680 0.239
Total hospitalizations 3(1,4) 4(3,6) 0.003
Age of first intussusception (years) 22 (14, 27) 15 (9.25, 24) 0.025
Frequency of intussusception 1(1,2) 2(1,3) 0.006
Age of initial surgery (years) 19 (14, 25) 14 (8, 23.75) 0.007
Number of operations 1(1,2) 1(1,2) 0.924
Age of mucocutaneous pigmentation appearance (years) 3(0,5) 3(0.5,5) 0.811

Order of mucocutaneous pigmentation appearance

Lips 2 17 0.213
Lips and limbs 1 46
Lips to limbs 16 10
Time interval from mucocutaneous pigmentation appearance to abdominal symptoms (years) 14.5 (8, 25.5) 10 (5, 15) 0.038

Distribution of gastric polyps

Yes 16 (84.2%) 60 (82.2%) 1

No 3 (15.8%) 13 (17.8%)

Load of gastric polyps 5(5,10) 5 (3.25, 10) 0.111
Maximum diameter of gastric polyps (mm) 7 (4.25,10) 10 (6, 15) 0.012

Distribution of duodenal intestine polyps

Yes 18 (94.7%) 71 (97.3%) 1

No 1(5.3%) 2 (2.7%)

Load of duodenal intestine polyps 3(1,6.5) 7 (4,15.5) 0.013
Maximum diameter of duodenal intestine polyps (mm) 30 (15, 50) 48 (30, 60) 0.110

Distribution of colorectal polyps

Yes 6 (31.6%) 52 (71.2%) 0.001

No 13 (68.4%) 21 (28.8%)

Load of colorectal polyps 4(15,12) 3(1,10) 0.864
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Maximum diameter of colorectal polyps (mm) 30 (15, 50) 25 (13.5, 40) 0.664
Carcinogenesis

Yes 0 (0%) 9(9.52%) 0.239
No 19 (100%) 64 (90.48%)

Pathology of polyps

Hamartoma 12 35 0.344
Adenoma 2 8

Hamartoma + adenoma 2 4

Carcinogenesis 0 9

Deletion 3 17

Times of endoscopic examinations 2(1,2) 2(2,4.75) 0.012

1A few cases did not undergo relevant laboratory tests.
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Figure 1 Comparisons of percentage of other gene mutations.

maximum diameter of duodenal intestine polyps between mutant-type PJS with and without GALNT12
mutations (P < 0.05); (6) BRCA: There were differences in maximum diameter of duodenal intestine
polyps between mutant-type PJS with and without BRCA mutations (P < 0.05); (7) KIT: There were
differences in ABO blood group and age of first intussusception between mutant-type PJS with and
without KIT mutations (P < 0.05); (8) MSH: There was a difference in distribution of colorectal polyps
between mutant-type PJS with and without MSH mutations (P < 0.05); (9) PTCHI1: There were
differences in load of gastric polyps and maximum diameter of colorectal polyps between mutant-type
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Figure 2 Intussusception. A: Cumulative risk function for intussusception; B: Cumulative percentage at age of first intussusception.
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PJS with and without PTCHI mutations (P < 0.05); (10) ATM: There was a difference in age of mucocu-
taneous pigmentation appearance between mutant-type PJS with and without ATM mutations (P <
0.05); (11) PDGFRA: There was a difference in final age of follow-up between mutant-type PJS with and
without PDGFRA mutations (P < 0.05); and (12) POLD1: There was a difference in age of first intussus-
ception between mutant-type PJS with and without POLD1 mutations (P < 0.05).

DISCUSSION

PJS is an autosomal dominant disorder with a prevalence of approximately 1 in 200000[15,16]. Although
PJS is a rare disease, the large population of China and the prolonged course of PJS lead to the accumu-
lation of a great number of PJS patients in Chinese society. Germline mutations in the STK11 gene are
recognized as the molecular genetic cause of PJS. The tumor suppressor gene STK11 is involved in
multiple processes such as embryonic development, cell polarity, cell cycle arrest, apoptosis and
metabolism, and its mutations have been detected in a variety of disseminated cancers. A related study
[17] demonstrated that the lack of the STK11 gene resulted in a significant increase of intracellular
reactive oxygen species levels and enhanced expression of phosphorylated histone y-H2AX, which
resulted in DNA damage, oxidative damage to the genome and an increased mutation rate. The rate of
STK11 germline mutations detected in this group of PJS patients was 79.35%, which is generally

https:/ / www.wjgnet.com 3313 June7,2023 | Volume?29 | Issue2l |



Jiang LX et al. PJS without STK11 mutation less severe manifestations

Table 6 Recommended follow-up and intervention strategies for mutant-type and wild-type Peutz-Jeghers syndrome

Age Mutant-type Wild-type

(yr)  Surveillance Intervention Surveillance Intervention

<7 Routine abdominal ultrasound surveillance is Removal of polyps ~ Abdominal ultrasound is recommended every  Follow-up
recommended every year 3-5yr observation

8-11  Routine abdominal ultrasound surveillance is Removal of polyps ~ Abdominal ultrasound is recommended every ~Removal of
recommended every year. For symptomatic individuals 3-5 yr. For symptomatic individuals with PJS,  polyps
with PJS, an abdominal ultrasound should be performed an abdominal ultrasound should be performed
earlier earlier

8-18  Total GI surveillance every year (CT scan of small-bowel Polyps > 10 mm Total GI surveillance 2-3 yr Removal of
or enteroscopy/ capsule endoscopy should be offered as  should be removed polyps
options

19-30 Routine total GI polyps surveillance every 2-3 yr and Removal of polyps ~ Routine total GI polyps surveillance every 2-3 ~ Removal of
screening for systemic tumors and treatment of yr polyps

tumors

>30  Focus on detection of tumors in digestive tract and other ~Treatment of tumors Focus on detection of tumors in digestive tract ~ Treatment of
organs and other organs tumors

PJS: Peutz-Jeghers syndrome; GI: Gastrointestina; CT: Computed tomography.

consistent with the literature[18].

The target genome covered 41 pathogenic genes associated with digestive tract tumors, including
STK11, and PJS patients were classified into wild-type or mutant-type based on the presence or absence
of STK11 mutations. The results of the clinical characteristic analysis showed that there were significant
differences between wild-type and mutant-types PJS in age of initial treatment, age of first intussus-
ception, frequency of intussusception, age of initial surgery, time interval from mucocutaneous
pigmentation appearance to abdominal symptoms, maximum diameter of gastric polyps, load of
duodenal intestine polyps, distribution of colorectal polyps, times of hospitalization and times of
endoscopic examinations. Mutant-type PJS typically has an earlier age of initial treatment and a shorter
time interval from mucocutaneous pigmentation appearance to abdominal symptoms than wild-type
PJS. They are often first admitted to hospital for serious complications such as intussusception and
intestinal obstruction. Our study found that the age of first intussusception was significantly younger in
mutant-type PJS than in wild-type PJS, and its cumulative risk of intussusception at the age of 20 years
was 68.3%, which was significantly higher than that of wild-type PJS (Figure 2). This is consistent with
the findings of domestic and international studies[19,20]. As a result, complications such as intestinal
obstruction and intussusception are more likely to occur in mutant-type PJS than in wild-type, and
occur earlier. The earlier intervention of treatment for GI polyps in mutant-type PJS patients would be
beneficial in reducing the occurrence of these complications. In addition, mutant-type PJS has a higher
distribution of colorectal polyps and a larger maximum diameter of gastric polyps than wild-type PJS,
requiring more frequent endoscopic examinations and treatment in hospital.

Overseas studies have shown that PJS patients have an increased risk of cancer at several sites,
including the GI tract, breast, ovaries, testes and lungs[21]. PJS malignancy is a serious threat to the life
and health of patients; studies have shown[21,22] that the death rate of PJS patients is as high as 32%,
and malignancy is the main cause of death. The incidence of malignant tumors in PJS patients is 19%-
32%, with an average age of 42-45 years, and a predominance of GI tract tumors (51%-69%), followed by
gynecological tumors (22%-26%). The risk of GI malignancy is 50 times higher than that of the general
population. The 19 cases of wild-type PJS in this study were not combined with malignant tumors.
Among the 73 mutant-type patients, 8 had GI polyps and 4 had cancers of other sites: 1 adnexal
cystadenocarcinoma, 1 ovarian mucinous tumor, 1 cervical adenocarcinoma and 1 nasopharyngeal
carcinoma. It was found that patients with a detectable STK11 truncating mutation tend to develop
more polyps and cancers, and require more surgical intervention[23]. There was no statistically
significant difference in the cancer rate between mutant-type and wild-type in this study, which may be
related to the shorter follow-up period of the enrolled patients. Germline mutations of STK11 are
essential factors in GI tumourigenesis, and the cell types and signal pathways that lead to the malignant
transformation of polyps are still unclear. A foreign study showed[24] that after the knockout of STK11
in mice, IL-11 inflammatory mediators mediated the activation of the JAK/STAT3 pathway due to
STK11 deficiency in mouse stromal cells, which eventually resulted in the formation of polyp
malignancy in mice, and the treatment of STK11-deficient mice with JAK1/2 inhibitors significantly
reduced the occurrence of polyps. We can block the development and malignancy of polyps at the root
by blocking the associated inflammatory mediators or transduction pathways, which provides a new
idea for us in studying the pharmacological treatment of PJS patients. Previous studies have shown that
PJS patients have a progression pathway of hamartoma-(adenoma)-carcinomal[25], which is corrob-

WJG | https://www.wjgnet.com 3314 June7,2023 | Volume?29 | Issue2l |

Jaishideng®



Jaishideng®

Jiang LX et al. PJS without STK11 mutation less severe manifestations

orated by the presence in our study of PJS patients with malformation combined with adenomatous
polyps and with adenoma combined with polyp carcinoma. Accordingly, the detection of STK11
mutations can be useful for guiding the assessment of polyp carcinogenesis risk in PJS patients and their
relatives.

PJS patients have a prolonged disease course, with GI polyps growing larger with age and recurring
more easily, and can result in intestinal obstruction, intussusception or even cancer, but the character-
istics and severity of the disease vary significantly among PJS patients. The clinical presentation is
distinctly heterogeneous. Clinical data and epidemiological data collected from more than 500 PJS
patients at our center suggests that polyps grow fastest in adolescence, leading to serious complications
such as intussusception, and the age of first surgery is significantly younger in mutant-type PJS than in
wild-type PJS. Meanwhile, the incidence of tumors in the digestive tract and other organs of the body is
significantly higher in middle-aged PJS patients.

CONCLUSION

Therefore, in the individualized treatment of PJS patients, we recommend that they should have the
STK11 gene tested, and the genotypes classified into mutant-type and wild-type. Patients with mutant-
type PJS should be strictly controlled in terms of treatment and follow-up strategies, while patients with
wild-type PJS can be treated with relaxed treatment conditions and follow-up years. For the monitoring
and treatment of PJS, we refer to the different follow-up strategies by age group proposed by a domestic
study[26], and further refine the treatment and follow-up strategies for PJS based on this treatment
strategy as follows (Table 6).

ARTICLE HIGHLIGHTS

Research background

Peutz-Jeghers syndrome (PJS) is an autosomal dominant genetic disease with skin mucosal pigment
spots and gastrointestinal multiple hamartoma polyps as clinical characteristics. At present, it is
considered that the germline mutation of STK11 gene is the genetic cause of PJS. However, not all PJS
patients can be detected STK11 germline mutations.

Research motivation

The specific clinical characteristics of these PJS patients without STK11 mutation is an interesting clinical
question. Or, like wild type gastrointestinal stromal tumor (GIST), whether these PJS without STK11
mutation are also called PJS is worth discussing. Therefore, we designed the study to understand the
clinical characteristics of these PJS patients without STK11 mutation.

Research objectives
To investigates whether PJS patients with known STK11 mutations have a more severe spectrum of
clinical phenotypes compared to those without.

Research methods

The general information, diagnosis and treatment history, pathology, times of examination and other
clinical data of the 92 enrolled PJS patients were collected for statistical analysis. Genomic DNA samples
were extracted from peripheral blood samples, and pathogenic germline mutations of STK11 were
detected by high-throughput next-generation gene sequencing. Clinical-pathologic manifestations of
patients with and without STK11/LKB1 mutations were compared.

Research results

Compared with PJS patients with STK11 mutations, those without tended to be older at the age of initial
treatment, age of first intussusception and age of initial surgery. They also had a lower number of total
hospitalizations relating to intussusception or intestinal obstruction, and a lower load of small intestine
polyps. Final results found that PJS patients without STK11 mutations might have less severe clinical-
pathologic manifestations than those with.

Research conclusions
PJS patients without STK11 mutations might have less severe clinical-pathologic manifestations than
those with.

Research perspectives
At present, it is considered that the germline mutation of STK11 gene is the genetic cause of PJS.
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However, not all PJS patients can be detected STK11 germline mutations. The specific clinical character-
istics of these PJS patients without STK11 mutation is an interesting clinical question. Or, like wild type
GIST, whether these PJS without STK11 mutation are also called PJS is worth discussing.
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