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Peutz-Jeghers syndrome (PJS) is an autosomal dominant genetic disease. It severely decreases patient quality
of life and leads elevated cancer risk. Germline mutation of LKB1 is the leading cause of familial PJS.

To characterize the germline mutation of LKB1I gene in Chinese familial and sporadic PJS patients, 14 PJS fam-
ilies, 5 sporadic PJS patients, and 250 healthy adults were collected and genomic DNAs of peripheral blood
were extracted. Mutation screenings of LKB1 were performed using MLPA (multiplex ligation-dependent probe
amplification), PCR, direct sequencing, and PCR-DHPLC (denaturing high-performance liquid chromatography).
A total of 12 kinds of germline mutations were found in 9 familial PJS patients, most of which were point mu-
tations (7/12); 4 large deletions of LKBI were also observed. Of the 12 mutations, 7 were pathogenic (2 were
de novo), 4 were just polymorphisms, and 1 was indefinitely pathogenic. No pathogenic mutation in exons of
the LKB1 gene was detected in the 5 sporadic PJS patients. The mutation detection rate for the LKB1 gene was
85.7% in our Chinese familial PJS and 63.2% in all Chinese PJS patients. Eight familial PJS patients were iden-
tified with pathogenic germline mutations in 14 unrelated families (57.1%). Further methylation detection and
analysis showed promoter methylation in carcinomatous polyps.

LKB1 gene germline mutation with pathogenic effect is a common cause of familial PJS in Chinese patients;
however, it is not the only molecular pathogen of PJS. Methylation in the LKB1 gene promoter region may cause
carcinomatous change in intestinal polyps.

Germ-Line Mutation ¢ Peutz-Jeghers Syndrome ¢ Protein-Serine-Threonine Kinases
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Background

Peutz-Jeghers syndrome, also known as hereditary intestinal
polyposis syndrome, is a rare inherited disease, with an esti-
mated incidence of 1 in 50 000 to 200 000 births [1]. It is an
autosomal dominant genetic disease characterized by the de-
velopment of benign hamartomatous polyps in the gastrointes-
tinal tract, hyperpigmented macules on the lips and oral mu-
cosa (melanosis), and elevated cancer risk [2-4]. Polyps may
cause gastrointestinal bleeding, intussusception, obstruction,
or infarction, causing pain and decreasing quality of life [5,6].
Clinicians long thought that malignant transformation of pol-
yps is rare [7] and there is little published data on the mecha-
nism of polyp malignancy in the Chinese population.

Genetic linkage analysis shows that the germline mutation of
LKB1 is the leading cause of familial PJS. LKB1, also called ser-
ine threonine kinase 11 gene (STK11), is a tumor suppressor
gene located on the autosome 19p13.3 [8-10]. Compared to
familial PJS, sporadic PJS seldom shows the mutation of LKB1.
With the development of medical technology and biology, sys-
tematic and high-throughput molecular genetic testing for this
mutation is available clinically [11]. However, there has been
little research on systematic screening of Chinese PJS patients.

The present study investigated the mutations of LKB1 gene in
Chinese PJS patients by use of systematic screening methods.
We combined MLPA (multiplex ligation-dependent probe am-
plification), PCR-DHPLC (polymerase chain reaction-denaturing
high-performance liquid chromatography), and DNA sequence
analysis to disclose the mutation of LKBI and the methyla-
tion of 5’-CpG islands of its promoter in Chinese PJS patients.

Material and Methods

Participants

Individuals in this study were referred for genetic counseling and
testing to the Department of Gastroenterology and Hepatology
at Jinling Hospital, the Department of Gastroenterology at
Nanjing Children’s Hospital, and Jiangsu Cancer Hospital, and
the Laboratory of Genetics and Molecular Biology at Jiangsu
Province Cancer Hospital in Nanjing China between 2004 and
2014. All investigations were carried out in compliance with in-
ternationally recognized guidelines. Obtained the participants’
tissues and information as well as study protocols have been
approved by the ethical committee of Jinling Hospital. Written
informed consent was obtained from each patient. Included
in this study were 19 participants including 14 unrelated fa-
milial PJS probands and 5 sporadic PJS patients. After clini-
cal observation and endoscopic check, the patients were not-
ed to have classic lip, mucosa, and hand/foot pigmentations
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as well as hamartomatous polyps in the gastrointestinal tract
(Figure 1A, 1B). The biopsies of polyps revealed malignance polyp
in the colons of 2 patients, including 1 familial PJS proband and
1 sporadic PJS patient (Figure 1B). HE staining images showed
that the structures of abnormal glands became complicated
and local lesions exhibited diablastic and daedaleous structure.

The Extraction of DNA

The total DNAs were extracted from peripheral blood using the
QlAamp DNA Tissue Mini Kit (QIAGEN, USA). The procedures
were performed according to manufacturer instructions. The
extracted DNA was stored at —20°C for future experiments.

PCR primer pairs and synthesis

The 9 primer pairs used in the experiments were from a
published paper [9]. The sequences of primer pairs are list-
ed in Table 1 and were synthesized by Takara Biotechnology
(Dalian) Co. Ltd.

PCR amplification

The ingredients of the 25-ul PCR system are as follows: 5 ul
of 5 X PrimeSTAR buffer (Mg? plus), 1 pl of forward primer, 1
ul of reward primer, 2 pl of dNTPs, 0.2 pl of PrimeSTAR DNA
polymerase, 1 ul of sample DNAs, and 14.8 ul of ddH,0. The
PCR reactions were performed on a Biometra PCR machine.
The amplification steps were carried out at 95°C for 5 min fol-
lowed by 35 cycles of denaturing at 95°C for 40 s, annealing
at 62°C for 40 s, and extension at 72°C for 30 s, and then a fi-
nal extension at 72°C for 5 min on a PCR machine. PCR prod-
ucts were separated by use of electrophoresis in 1.2% agarose
gel. Images were acquired and analyzed using the Gel image
system (GIS-2500, Tanon).

Sequencing

The PCR products of sample DNAs from 19 patients were sent
to BGI for sequencing. The sequencing results were shown in
Chroma software and blast analyses of gene sequences were
carried out for the identification of germline mutations. The
heterozygous mutants were tested by use of further reverse
sequencing.

Multiplex ligation-dependent probe amplification (MLPA)
assay

We used the SALSA MLPA kit P101-B111 (MRC-Holland,
Amsterdam, The Netherlands), containing SALSA MLPA buf-
fer, Ligase-65, Ligase-65 buffer A and B, SALSA PCR buffer,
SALSA PCR primer mix, SALSA polymerase, SALSA enzyme di-
lution buffer, and SALSA probe mix. The probe mix, including
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Figure 1. Polyps of PJS patients. (A) The polyps in the duodenum of 1 PJS patient and its HE staining image. The glands lose polarity
and show disordered arrangements. Glandular cavities had aberrant morphology or presented mild dilatation. The
epithelial lining demonstrated normal epithelium without signs of dysplasia. These phenotypes demonstrated prototypic
hamartomatous polyps. (B) The polyps in the colon of 1 PJS patient and its HE staining image. HE staining shows that the
structures of abnormal glands were complicated, and local lesions exhibited diablastic and daedaleous structure (white
arrow). The epithelial cells with mild dysplasia demonstrate cancerous transformation.

probes for 10 exons and promoter region of LKB1 gene and
14 reference probes, can be used to screen whole LKB1 gene.

We denatured 100 ng of extracted genomic DNA by incubating
at 98°C on a PCR machine. The MLPA probes were added to
the DNA extract and hybridized at 60°C. The subsequent liga-
tion reaction was performed at 54°C for 15 min after the ad-
dition of the ligase and ligase buffer. The ligase was inactivat-
ed by incubating the reaction tube at 98°C. PCR of the ligation
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product was performed following the addition of universal PCR
primers, dNTPs, and polymerase. The amplified products were
then analyzed using the ABI 3100 Avant sequencer (Applied
Biosystems, Foster City, CA, USA). MLPA assay results were
analyzed using GeneScan 3.1 software (Applied Biosystem,
Foster City, CA, USA) to determine the deletions or the num-
ber of duplications. A peak ratio less than 0.7 was interpret-
ed as a ‘deletion’, while a peak ratio greater than 1.3 was in-
terpreted as a ‘duplication’.
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Table 1. The primer pairs for LKB1 gene.

Exons Forward primer (5’—3’) Reward primer (5'—3’)
1 GGAAGTCGGAACACAAGGAA GGGAGGAGAGAAGGAAGGAA
”””””””” 2 GAGGIACGCCACTTCCACAG  CTTCAAGGAGACGGGAAGAG
”””””””” 3 CICCAGAGCCCCTTITCTGG  CAGIGTGGCCTCACGGAMAG
45 GGCCCCAGGACGGGTGTGTG  AGIGIGCGTGTGGTGAGTGE
”””””””” 6  TGACIGACCACGCCTTTCIT  CCCCCAACCCTACATTTCTG
”””””””” 7 CICCICGCCGGCTTCTCCTC CCCACCACGCCCTGETCTA
”””””””” 8  GACAGGCGCCACTGCTICTG  GGACATCCTGGCCGAGTCAG
”””””””” 9  CUeCceTCTCCCTCCCA  GCATCCAGGCGTTGTCCC

Probands (ytifs) Age of o(r;set;trls()iiagnose Family history Distribution of polyp
1# 19 Female 18 Grandfather* and father Jejunum and colon
"""" # 10 Mae 100 Fathe  Stomachandcolon
" a5 mae 0 ratherandson clon
"""" # 22 Femae 2 Faher  Com
st 26 Mae %  Father Colon
"""" & 26 Mae 21 Motherandbrother  Colon
"""" 7 44 Mae 8  Fatherdaughter  Coon

Matrilineal grandmother, -
Duodenum, jejunum, colon,

8# 41 Female 35 mother, mother’s brother and .
. adenocarcinoma
sister
o# 14 Male 8 Mother Jejunum and colon

Matrilineal grandmother,

10# 31 Female 31 mother and mother's sister Colon and rectum

11# 24 Male 16 Father Colon and rectum
¢ 26 Mae 6 Grandmother*, father and son ~ Stomachand colon
o 19 Mae 8 aher Stomachand colon
IR Female 3 Brother Colonand rectum

* Represents patrilineal lineage.

Polymerase chain reaction denaturing high-performance used for DNA binding to cartridge matrix. Then, different con-
liquid chromatograph (PCR-DHPLC) assay centrations of acetonitrile buffer were used for elution. The flu-
id velocity was 0.9 ml/min. Finally, the binding products were
Excluding known polymorphic sites, other mutation sites were analyzed by use of 260 nM UV. The elution maps of patients
selected to be tested in 250 normal people. The PCR products ~ with mutation sites were taken as positive controls. The PCR
of these sites in 250 normal people were loaded into a DHPLC products of 250 normal peoples were screened to exclude mu-
machine (WAVE system, Transgenomics) for analysis. The fluid tation sites with unknown gene polymorphism.
was 0.1 M of triethyl ammonium acetate (TEAA), which was
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Exon 1 2 3 4-5

Figure 2. Representative gel image exhibiting PCR products of 9 exons of LKB1 genes in patients. M, DNA marker. Number stands for
exons of LKB1 gene from 1 to 9. 1, exon 1; 2, exon 2; 3, exon 3; 4-5, exon 4 and 5; 6, exon 6; 7, exon 7; 8, exon 8; 9, exon 9.

Methylation-specific PCR (MSP) Assay

Participant DNA was treated with sodium bisulfite and analyzed
by MSP as described by Herman et al. [12]. This process con-
verts nonmethylated cytosine residues to uracil, whereas meth-
ylated cytosines remain unchanged. Bisulfite-modified samples
were aliquoted and stored at -80°C. The sequences of primers
used for amplifying unmethylated and methylated CpG islands
were synthesized as described by the Trojan group [13]. The se-
quences of primer for amplifying methylated CpG island were
as follows: forward (fw) primer, ACGAAGTTGATTTTGATCGGGTC
and reward (rw) primer, CGATACAAAATCTACGAACCGACG. The
sequences of primer for amplifying unmethylated CpG island
were as follows: fw primer, GGATGAAGTTGATTTTGATTGGGTT
and rw primer, ACCCAATACAAAATCTACAAACCAACA. The total
25-pl PCR system contains 100 ng of sodium bisulfite-treated
DNAs, 0.2 mmol/L dNTPs, 0.5 umol/L of fw and rw primers, and
2 U of Taq DNA polymerase. The PCR amplification cycles were
carried out at 95°C for 5 min followed by 35 cycles of dena-
ture at 95°C for 20 s, annealing at 58°C for 20 s and extension
at 72°C for 20 s, and then a final extension at 72°C for 5 min
on a PCR machine. The PCR products were separated by use
of electrophoresis in 1.2% agarose gel. Images were acquired
and analyzed using the Gel image system (GIS-2500, Tanon).

Results

Patient characteristics

Total 14 unrelated familial PJS patients and 5 sporadic PJS pa-
tients were screened for mutation analysis in LKBI gene. Among
14 unrelated familial PJS patients, there were 9 males and 5
females, with a mean age of 21.8 years. The total 5 sporad-
ic PJS patients includes 3 males and 2 females, with a mean
age of 21.6 years, and they were also genetically unrelated.
As mentioned above, the patients were noted to have classic
lip, mucosa, and hand/foot pigmentations, as well as hamarto-
matous polyps in the gastrointestinal tract (Table 2, Figure 1A,
1B). The biopsies of polyps revealed that malignant polyps in

the colons of 2 patients: 1 familial PJS proband (Table 2) and
1 sporadic PJS patient (Figure 1B). Samples of peripheral blood
of 250 healthy adults were collected for screening to avoid
polymorphism in the LKB1 gene.

The PCR optimization and amplification of samples

We first optimized the conditions for PCR reactions, including
the concentration of template DNA from samples and cycles.
After several rounds of tests, the PCR products of all samples
for 9 exons of LKB1 gene showed only 1 specific and clear
band after separation through 1.2% agarose gel (Figure 2). By
use of primer pairs listed in Table1 and the PCR procedure de-
scribed above, PCR reactions were carried out with different
concentrations of template DNA. The optimized final concen-
tration was 100 ng. The optimized PCR system was then used
in all samples. The PCR products of LKB1 exons all presented
1 clear and specific band in 1.2% agarose gel with ethidium
bromide (EB) after electrophoresis. The results demonstrat-
ed that these pure PCR products could be used for further se-
quencing and analyzing.

Mutation analysis of LKB1 gene

The direct sequencing results of PCR products from 14 probands
with familial PJS showed that 12 kinds of germline mutations of
LKB1 gene were found in 12 PJS patients, most of which were
point mutations (58.3% in all mutations, Table 3, Figure 3), 4
were base deletions, and 1 was base insertion of small frag-
ments (Table 3, Figure 4). Figure 3 depicts the representative
germline mutations. Through the presentation and blast analysis
using Chrome software, point mutations were identified clearly.
The mutation (c.48G>A) was clearly shown in exon 1 (Figure 3A).
There was the mutation (c.701T>A) in exon 4 (Figure 3Q).
Interestingly, there were 2 point mutations in exon 8 of LKB1
gene in 1 patient: 1 was the mutation (c.1062C>G) (Figure 3D)
and the other was the mutation (c.924G>C) (Figure 3E). The se-
quencing results also demonstrated point mutations in introns.
There was 1 mutation (c.734+5G>A) in intron 5 (Figure 3F), 1
mutation (c.374+24G>T) in intron 2 (Figure 3G), and 1 mutation
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Table 3. The LKB1 germline mutation patterns of 14 familial PJS probands.

Anticipated effects

Mutation types

Probands Mutation patterns Mutation sites
1# Deletion in exon1 Exon1
T# c.48G>A Exon 1
” c.471_501delTTCTGTCAGCTGA Exon 4
TTGACGGCCTGGAGTAC
8# deletion in exon3-10 Exon3-10
c.701T>A Exon 4
1
c.1062C>G Exon 8
2#, 13# €.924G>C Exon 8
144 Deletion in exon 2-4 Exon 2-4
o# C.734+5G>A Intron 5
74#, 8#, 9#,
11# 124 13# €.374+24G>T Intron 2
SHOH11# c.464+47_48insGGGGGCC Intron 3
A#T7#10# €.920+7 G>C Intron 7

Deletion Pathogenic

Deletion Pathogenic
 Missense  Phe2e7Tyr pathogenic
© Missense  Phe3saleu, polymorphism
© Missense Trp308Cys, pathogenic
 Delton  Pathogenic

Splicing alteration,
pathogenic

Polymorphism, dbsnpID
rs2075604

Polymorphism, dbsnpID
rs66999113

Polymorphism, dbsnpID

Intron mutation rs2075607

(c.920+7G>C) in intron 7 (Figure 3I). In 1 patient, 30-bp dele-
tion was detected in exon4 (Figure 3B) and an insertion mu-
tation (c.464+47_48insGGGGGCC) was also found in intron3
(Figure 3H).

We used MLPA assay to detect deletions or insertions of ge-
nomic fragments in PJS patients. By use of the assay, we
found 4 large base fragment deletions in PJS patients (Table 3,
Figure 4). Representative peak patterns are showed in Figure 4.
The peak patterns of patients were compared to those of
healthy adults, showing significant differences in patterns.
The deletions in exon 1 and exon 4 were discovered in 2 pa-
tients (Figure 4A, 4B). Intriguingly, 1 patient had the deletions
in exon 3-10 (Figure 4C) and another patient had the dele-
tions in exon 2—4 (Figure 4D).

We thought that missense mutations and frame shifts due to
nonsense mutation, base deletions, or insertions were patho-
genic mutations. These pathogenic mutations were not detect-
ed in healthy adults, and the ones detected in healthy adults
were thought to be non-pathogenic mutations, regardless of
mutation type. Of the 12 mutations, 7 were considered to be
pathogenic, of which 2 were de novo, 4 were polymorphic sites
detected in healthy adults, and 1 was indefinite in pathogen-
esis (Table 3, Figure 3, 4).

We also sequenced the PCR products of samples from 5 pa-
tients with sporadic PJS. The direct sequencing results showed

no mutations in the region of 9 exons of LKB1 gene, and only
1 point mutation (c.G>T) was detected in the intron between
exon1 and exon2, which might be associated with RNA splic-
ing, or just the polymorphic site of LKB1 gene (Figure 5).

The detection of methylation modification of LKB1 gene
promoter in sporadic PJS patients

We detected the methylation modification of the promot-
er region of LKBI gene in the polyps and blood of 3 sporad-
ic PJS patients (Figure 6). The methylation of LKB1 gene pro-
moter was detected in 1 sporadic PJS patient whose polyps
showed cancerous transformation (Figure 6)., suggesting that
the methylation of the promoter of LKB1 gene inhibited the
role of LKB1 in tumor formation and cancer initiation as a tu-
mor suppressor. This might be the cause of the elevated can-
cer risk in PJS patients.

PCR-DHPLC analysis of mutation sites of LKB1 gene in
healthy adults

To further confirm the mutations of LkBIdetected in PJS pa-
tients and to identify polymorphic sites in these mutations,
we detected corresponding sites in healthy adults by use of
PCR-DHPLC (Figure 7). The results indicated that no elution
peak patterns in healthy adults were identical to the muta-
tions (c.48G>A, c.701T>A, ¢.469-498delTTCTGTCAGCTGATT-
GACGGCCTGGAGTAC, ¢.924G>C, c.73445G>A, the deletion in
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350 360 70 80 90
CGGAGGGOCGANCTGATGTC GG CGCAGGTACHNTHT GTCACCTG

160 170
ACAGGTG AGCHGC CCCOTG GGG

Figure 3. Direct sequencing results of LKB1 gene PCR Products. Arrow, mutation sites. (A) The mutation (c.48G>A) in exon 1. (B) The
deletion (c.471_501delTTCTGTCAGCTGATTGACGGCCTGGAGTAC) in exon 4. (C) The mutation (c.701T>A in exon 4. (D) The
mutation (c.1062C>G) in exon 8. (E) The mutation (c.924G>C) in exon 8. (F) The mutation (c.734+5G>A) in intron 5. (G) The
mutation (c.374+24G>T) in intron 2. (H) The insertion (c.464+47_48insGGGGGCC) in intron 3. (I) The mutation (c.920+7G>C)
in intron 7.

exon 1, the deletion in exon 4, the deletions in exon 2-4 and were real mutations rather than polymorphic sites. However,
the deletions in exon 3-10) detected in familial PJS patients. there were elution peak patterns of 5 healthy adults that were
The evidence demonstrates that these 9 germline mutations identical to the mutation (c.1062C>G) detected in familial PJS
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patients. These result show that the mutation (c.1062C>G)
should be 1 polymorphic site (Table 3, Figure 7B).

Therefore, by using both direct sequencing and MLPA assay
following by verified by PCR-DHPLC, the total mutation de-
tection rate for the LKB1 gene was 85.7% in Chinese familial
PJS (12 of 14 familial PJS patients, Table 3) and 63.2% in total
Chinese PJS patients (12 of 19 PJS patients).

Discussion

Peutz-Jeghers syndrome (P)S), first described by Peutz in 1921
and by Jegher in 1944, is an autosomal dominantly inherit-
ed disorder. The incidence of the syndrome is estimated to

CLINICAL RESEARCH

be between 1 in 50 000 and 1 in 200 000 births [1]. The syn-
drome is characterized by hamartomatous polyps of the gas-
trointestinal tract (GIT) and melanin pigmentation on the lips,
buccal mucosa, and hands or feet [14-16]. The syndrome usu-
ally leads to abdominal pain, rectal blood loss, intestinal ob-
struction, bleeding or chronic anemia, and clinical intussuscep-
tion [17-19]. In addition, patients with the syndrome have an
increased risk of GIT malignancies, with an estimated risk 18
times higher than in the general population [20,21]. As an au-
tosomal dominantly inherited disease, PJS is strictly associated
with mutation of LKB1/STK11 gene, which is a serine/threo-
nine kinase tumor suppressor. The penetrance of LKB1/STK11
mutation is 100% in familial PJS patients [9,22,23]. Thus, ge-
netic screening of LKBImutation aids in mapping and select-
ing high-risk populations, helps family members with germline
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Figure 4. Peak patterns of exons from LKB1 gene in MLPA assay. The x-axis shows the size of PCR products, and the y-axis reflects the

relative quantity of PCR products. (A) Deletion in exon 1 was detected in 1 case. Top shows the amount of every PCR product
from normal controls. Bottom shows the amount of every PCR product from familial PJS patients. (B) Deletion in exon 4 was
detected in 1 case. Top shows the amount of every PCR product from normal controls. Bottom shows the amount of every
PCR product from familial PJS patients. (C) Deletions in exon 3-10 were detected in 1 case. Top shows the amount of every
PCR product from normal controls. Bottom shows the amount of every PCR product from familial PJS patients. (D). Deletions
in exon 2—4 were detected in 1 case. Top shows the amount of every PCR product from normal controls. Bottom shows the
amount of every PCR product from familial PJS patients. Red numbers represent exons.

mutation of LKB1 gene via performing routine endoscopic ob-
servation, aids in clinical diagnosis and PJS disease control of
young LKBI-mutation carriers, and reduces the incidence of
tumor initiation. In addition, genetic screening of LKB1 muta-
tion can also promote healthy birth and child development.

To date, a total of about 200 different LKB1 germline muta-
tions have been identified and reported. Most of mutations
are missense or nonsense mutations. Insertion and deletion
and abnormal splicing have also been reported. Most muta-
tion cause frameshift and premature stop codon [24]. In our
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Figure 5. Direct sequencing results of LKB 1 gene PCR products in sporadic PJS patients. Arrows, mutation sites. (A) and (B). Only 1
(c.G>T) polymorphic site was observed in intron between exon 1 and exon 2 in 2 sporadic PJS patients. No mutation was
detected in any exons of LKBI gene in the 5 sporadic PJS patients.

Patient 1 Patient 2 Patient 3 Control
M Polyps Blood Polyps Blood Polyps Blood H,0 PC NC
U M U M U M U M M U M U M U M U M

Figure 6. The methylation detection of LKBI gene promoter in sporadic PJS patients. The representative results of 3 patients are
shown here. The detected samples include polyps tissue and peripheral blood, respectively. U — unmethylated;
M — methylated; PC — positive control; NC — negative control.

report, 12 kinds of mutations were presented in 14 probands
with familial PJS. Most were point mutations, which were about
58.3% (7/12) of all mutations. There was also 1 case that car-
ried small fragment base deletion in the region of exon4 of
LKB1 gene. One more mutation showed base insertion of small
flanking sequences of exon 4. There were 3 cases that carried
base deletion of exons. Among 12 mutations, 7 were thought
to be pathogenic, 4 were polymorphic sites, and 1 could not
be defined as pathogenic. In the 7 kinds of pathogenic muta-
tions, 6 were located in the region of exons and 1 was in the
intron region. One proband with familial PJS bore 2 kinds of
mutations: (c.701T>A) and (c.1062C>G), located in exon 4 and
exon 8, respectively. The mutation (c.701T>A) led to the mis-
sense mutation (p.Phe267Tyr). The mutation site localized in
the kinase domain of LKB1, and the genetic mutation was not

detected in any of the 250 healthy adult controls, suggesting
it was a pathogenic mutation. The mutation (c.1062C>G) re-
sulted in the missense mutation (p.The354Tyr). Yang et al. [1]
also detected this mutation, but the mutation site was not lo-
calized in the function domains, and it was also detected in 5
healthy adult controls. The mutation was thus thought to be a
polymorphic site rather than a pathogenic mutation. The LKB1
gene of 1 proband with familial PJS lost the 30-bp fragment in
exon 4, leading to loss of 10 amino acids and truncated pro-
tein. This mutation can severely disturb the function of LKB1,
affect LKB1 mRNA splicing, and promote mRNA degradation.
The mutation (c.924G>C) in exon 8 of LKB1 gene in 1 familial
PJS patient led to the missense mutation (p.Trp308Cys). The mu-
tation also localized in the kinase domain and was not detect-
ed in the 250 healthy adults. Mehenni et al. also detected the
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Figure 7. The representative PCR-DHPLC elution maps. (A) The elution maps from top to bottom for normal controls, the 734+5G>A
mutation in intron 5, the deletion 471_501delTTCTGTCAGCTGATTGACGGCCTGGAGTAC in exon 4, and the 701T>A mutation
in exon 4. (B) The elution maps for normal controls: the 924G>C mutation in exon 8 and the 1062C>G mutation in exon 8,
respectively.
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mutation in a patient with familial PJS, but they did not detect
it in 100 healthy persons [25]. Thus, the mutation was consid-
ered pathogenic in this report. Another mutation (c.734+5G>A)
inintron 5 of LKB1 gene in 1 patient with familial PJS was also
discovered by Mehenni et al. They thought that the mutation
resulted in abnormal mRNA splicing and truncated LKB1 pro-
tein. DHPLC results did not show the elution peak pattern of
the mutation in 250 healthy adults. In addition, bioinformat-
ics analysis (http://rulai.cshl.edu/new_alt_exon_db2/HTML/
score.html) indicated that the splice site score decreased to
3.4 from 6.8. Papp et al. also found a decrease in splice site
score from 9.4 to 1.6 due to an intron mutation of LKB1 us-
ing this web-based bioinformatics software to analyze a mu-
tation in intron 4 of LKB1. cDNA analysis revealed that the in-
tron 4 nucleotide substitution results in skipping of exon 4 [26].
Thus, it was concluded that the mutation (c.734+5G>A) af-
fects normal mRNA splicing. In all, a total of 8 familial PJS pa-
tients were identified with pathogenic germline mutations in
14 unrelated families (57.1%). Two germline mutations herein
were reported for the first time. In addition, there was 1 non-
sense mutation (c.48G»A) in exonl of LKBI gene in 1 famil-
ial PJS patient. This nonsense mutation might be associated
with mRNA splicing and lead to disease, although it did not
change the structure of LKB1 protein. Thus, it was considered
indefinite in pathogenesis.

The amplification and sequencing results of the flanking se-
quences presented 3 kinds of polymorphisms in introns of LKB1
gene: (¢.374+24G>T, c.464+47_48inGGGGGCC, and ¢.920+7G>C).
An online database also showed that these 3 mutations were
all polymorphic sites, and their dbsnpID were rs2075604,
rs66999113, and rs2075607, respectively.

The sequencing results of LKBI1 gene in 5 sporadic PJS pa-
tients did not show abundant pathogenic mutations in famil-
ial PJS patients. The results are identical to previous reports
that sporadic PJS seldom shows the mutation of LKBI. Thus,
not all PJS patients carry the mutations of LKB1[27]. In addi-
tion, many mutations of LKB1 in PJS patients were not detect-
ed due to the limitation of technologies. For example, direct
sequencing of PCR product is not able to identify and detect
deletion of large genomic sequences. Thus, MLPA were utilized
by Papp et al. to detect the deletion of large genomic sequenc-
es in 13 unrelated families. They discovered and identified 5
families (38%, 5/13) with the large deletion [26]. Yang et al.
also found 5 probands with the large deletion in 17 Korea PJS
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children by use of the same technique. We also found 4 dele-
tions of genomic fragments using MLPA in our patients, and
we also used MSP to screen methylation of CpG island in the
promoter of LKB1. The methylation was detected in the carci-
nomatous polyps of 1 sporadic PJS patient. The result indicat-
ed that LKB1 gene germline mutation might not be the only
molecular pathogen of PJS, and methylation in LKB1 gene pro-
moter might cause malignancy of intestinal polyps. Some re-
searchers have also reported that there are other genetic mu-
tation sites, such as 19q13.4 [28,29].

Although Peutz-Jegher syndrome is rare, patients usually have
severe clinic symptoms and elevated cancer risk. The mecha-
nism of PJS thus needs to be elucidated in more detail. Effective
screening and identification of the disease using knowledge
of its mechanism would benefit prevention and treatment of
PJS disease. In our study, we combined MLPA, PCR-DHPLC,
MSP, and DNA sequence analysis to disclose the mutation of
LKB1 and the methylation of 5’-CpG islands of its promoter
in 19 Chinese PJS patients, including 14 familial and 5 spo-
radic PJSs. We discovered 12 germline mutations, of which 7
were pathogenic and 2 were considered de novo. Our study
enriches knowledge of germline mutations of LKB1 in familial
PJS and elucidates the relationship between sporadic PJS and
LKB1 epigenetic modification. It also shows the importance of
screening and treating Chinese PJS patients.

Conclusions

These results and analyses demonstrate that the pathogenic
effect of LKBI gene germline mutation is a common cause of
familial PJS in Chinese patients. However, it may not be the
only molecular cause of Peutz-Jeghers syndrome. Most muta-
tions in Chinese familial PJS patients were point mutations.
The epigenetic analysis presented here shows that methyla-
tion in the LKB1 gene promoter region may cause carcinoma-
tous change in intestinal polyps. It should be considered a fu-
ture target for treatment of PJS.
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