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Abstract

AIM: To explore mutations in serine/threonine kinase
11 (57K11) gene in Peutz-Jeghers syndrome (P]S) with
gastrointestinal (GI) hamartomatous polyps.

METHODS: Six Japanese PJS patients in 3 families
were enrolled in this study. Each of the cases had ham-
artomatous polyposis in the gastrointestinal tract, in-
cluding the small intestine, along with mucocutaneous
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hyperpigmentation. Narrow-band imaging (NBI)-mag-
nification endoscopy was employed to detect microvas-
cular and microsurface irregularities in the GI lesions.
NBI magpnification findings could be classified into three
groups (type A, type B, or type C). Endoscopic polypec-
tomy was performed using double-balloon enteroscopy
or colonoscopy. Genomic DNA was extracted from a
whole blood sample from each subject. All of the cod-
ing exons of S7K11 gene, its boundary regions, and the
promoter region containing the polymorphic regions
were amplified by polymerase chain reaction, and di-
rect sequencing was performed to assess the germline
mutations.

RESULTS: NBI-magnification endoscopic observation
could detect the abnormalities in microvessels and mi-
crosurface structures of GI polyps. Overall, we found 5
cases of type A and one case without the examination
for the gastric polyps, while there were 4 cases of type
B and 2 case of type A for the colorectal polyps. Seven-
ty-nine small-bowel and 115 colorectal polyps over 27
sessions for each were resected endoscopically without
significant complications. The only delayed complication
included the occurrence of bleeding in a case, and this
was successfully managed with hemoclips. Resected
polyps contained no malignant components. Based on
mutation analysis, all 3 cases in Family I exhibited the
+658C>T nonsense mutation in exon 5, which resulted
in the production of a truncated protein (Q220X). In
Family II, a case had -252C>A and -193C>A in the pro-
moter region. In Family III, a case was found to have
the +1062C>G (F342L) mutation in exon 8.

CONCLUSION: We found two novel mutations of
STK11 in association with P]S. Endoscopic polypectomy
of GI polyps in PJS patients appears to be useful to
prevent emergency laparotomies and reduce the cancer
risk.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Peutz-Jeghers syndrome (PJ]S) is a rare autosomal-dom-
inant hereditary condition with incomplete penetrance
that is characterized by hamartomatous polyps of the
gastrointestinal (GI) tract and pigmented lesions of the
buccal mucosa, perioral region and other sites'”. Vari-
able penetrance and clinical heterogeneity make it dif-
ficult to determine the exact frequency of PJS”. Most
PJS patients develop significant hamartomatous polyps
of the small bowel, with these polyps commonly arising
in the stomach and colorectum. PJS patients also have an
increased risk of cancer at multiple locations, although
it is predominantly found in the colon, small intestine,

stomach, esophagus, pancreas, breast, ovary and uterine
[3:4]

cervix

PJS occurrence is primarily associated with germline
mutations in the serine/threonine kinase 11 (§TK77/
LKBT) gene, which are localized on the chromosomal
segment 19p13.3[5’6]. The gene spans 23 kb, and consists
of nine coding exons and a final noncoding exon™. The
coded protein plays a role in cellular energy metabolism,
cell polarization, p53-dependent apoptosis, and Wnt sig-
nal transduction”"”. The germline mutation detection
rates in PJS patients vary among reports', but recent
studies which have searched for germline mutations us-
ing state-of-art techniques demonstrate between 80% and
949" Most mutations are single base substitutions/
insertions or small deletions that result in an abnormal
truncated protein“’lm’lzj.

Narrow-band imaging (NBI) is a recent innovative
optical technique that modifies the center wavelength and
bandwidth of an endoscope’s light in order to produce
narrow-band illuminations of 415 and 540 nm'>"", When
combined with magnifying endoscopic observation, NBI
can markedly improve the capillary pattern contrast.
Use of this i vivo method makes it possible to visual-
ize microvascular morphological changes that take place
in the superficial neoplastic lesions""'*. Several studies
have reported on the advantages of using magnification
endoscopy NBI for diagnosis of gastrointestinal neo-
plasia””. Additionally, studies have also shown that when
magnification chromoendoscopy is used in combination
with crystal violet staining, the information obtained can
be used to diagnose gastrointestinal tumors'"”,
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However, PJS patients are subject to serious compli-
cations such as intussusception and bleeding from the
GI1, in particular from small intestinal polypsm]. There-
fore, many of these patients often need to undergo mul-
tiple laparotomies with intestinal resection, which can
ultimately result in short-bowel syndrome and/or severe
adhesions"

yps, a combined endoscopic and surgical treatment pro-
[22,23]

I Tn order to control these small-bowel pol-

cedure has been designed for use in these patients
Even with the new treatment regimen, however, many
of these patients still end up undergoing multiple surgi-
cal treatments because of the appearance of new le-
sions or the growth of existing polyps. Double-balloon
endoscopy (DBE) was developed as a new technique
for visualization of, and intervention in the lesions that
occur throughout the entire small intestine™. DBE has
been reported worldwide to be useful for both diagnosis
and treatment of small intestinal polyps[zs]. As such, the
use of DBE could potentially be a means of providing
prophylactic polypectomy in PJS patients, thereby helping
to prevent the intussusception and bleeding complica-
tions™*”,

In the current study, we performed a mutation analy-
sis of STK11 in three PJS families. This study also pres-
ents data on the magnified endoscopy findings and the
endoscopic treatments for the polyps.

MATERIALS AND METHODS

Subjects

PJS patients in 3 families were enrolled in this study (Fig-
ure 1). The PJS diagnosis was based upon clinical criteria
proposed in 19877,

To definitively diagnose PJS in individuals with
histopathologically confirmed hamartoma, two of the
following three findings are required: (1) family history
consistent with autosomal dominant inheritance; (2)
mucocutaneous hyperpigmentation; and (3) small-bowel
polyposis. In the current study, each of the cases had
hamartomatous polyposis in the gastrointestinal tract,
including the small intestine, along with mucocutaneous
hyperpigmentation on the hands, feet or lips.

Magnifying endoscopy

We performed NBI magnification gastroscopy and colo-
noscopy in each PJS case. The endoscopic system includ-
ed a light source (CLV-260SL; Olympus, Tokyo, Japan),
a processor (CV-260SL; Olympus), and a high-resolution
magnifying endoscope (GIF-H260Z for the stomach and
CF-H260AZI for the colorectum; Olympus). The unique
features of PJS polyp are best appreciated in the larger
PJS small intestine polyps, but the other polyps do not
have specific gastrointestinal endoscopic findings. They
can be similar to hyperplastic polyps””. Recently, Lam-
Himlin ez a/™” investigated the histologic features of gas-
tric polyps in patients with established PJS to develop im-
proved histologic criteria to distinguish these from gastric
hyperplastic polyps. Histologic features to distinguish gas-
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Family I

Family II

Family II

Figure 1 Each pedigree of the three families with Peutz-Jeghers syndrome.

tric PJS from gastric hyperplastic polyps were unreliable.
There has been no available NBI classification for gastric
non-neoplastic polyps including hamartomatous and hy-
perplastic polyps. Kanao ez al'” reported that NBI magni-
fication findings could be classified into three groups (type
A, type B, or type C) based on their microvessel architec-
ture and pit appearance. In type A lesions, microvessels
are not observed or are extremely opaque. Type B lesions
exhibit fine microvessels around the pits, with clear pits
observed via a nest of microvessels. Type C lesions ex-
hibit irregular microvessels in which the vessel diameters
or distributions are heterogeneous. Type C can be further
divided into 3 subtypes (C1, C2, and C3) based on the
detailed NBI magnification findings for the pit visibility,
vessel diameter, irregularity, and distribution. Lesions are
considered to be subtype C1 when the microvessels com-
prise an irregular network, the pits are slightly non dis-
tinct when observed vz the microvessels, and the vessel
diameters or distributions are homogeneous. For the C2
subtype, microvessels comprise an irregular network, the
pits are irregular when observed ziz the microvessels, and
the vessel diameters or distributions are heterogeneous.
For the type C3 subtype, the pits »iz the microvessels are
invisible, the irregular vessel diameters are thick or there
is a heterogeneous vessel disttibution, along with the ob-
servation of avascular areas.

Procedures of polypectomy via DBE and colonoscopy

For the small intestinal polyps, we used an EN-450T5/
W double-balloon endoscope (Fujifilm, Tokyo, Japan),
which has an accessory channel that is 2.8 mm in di-
ameter. This scope made it possible to use a variety of
therapeutic devices, including an endoscopic hemoclip.
For polypectomy of the colorectal polyps, we used a CF-
Q260AI colonoscope (Olympus). All of the procedures
were performed by specialists (Yajima H, Isomoto H,
Ohnita K, Shikuwa S). While moderate sedation with
a combination of intravenous pethidine and diazepam
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and/or midazolam was administered to most patients,
general anesthesia was used in symptomatic intussus-
ception cases. A combined oral and anal approach was
performed during the first session. If polyps were rec-
ognized, careful observation was performed in order to
determine their size, shape, and location. Resected polyp
sizes were estimated by visual measurement. To avoid
post-polypectomy bleeding and thermal injury of the
deeper tissue layers, a saline-epinephrine solution (0.9%
sodium chloride, 0.001% epinephrine, 0.002% indigo cat-
mine) was injected, as needed, into the submucosal layer
of the stalk and the base of the polyp prior to the polyp-
ectomy. Snare cautery polypectomy was performed using
commercially available snares up to 33 mm in diameter.

Polymerase chain reaction and direct sequencing
After obtaining written informed consent, a whole blood
sample was collected from all the patients for the analy-
sis of the STK77 gene mutation. Genomic DNA was
extracted from a whole blood sample from each subject
using a DNA Extractor WB-Rapid Kit (Wako, Osaka,
Japan) in accordance with the manufacturer’s protocol.
All of the coding exons of the STK77 gene, its bound-
ary regions, and the promoter region containing the
polymorphic regions were amplified by polymerase chain
reaction (PCR) (Figure 2). Amplification was performed
with a GeneAmp PCR System 9700 thermal cycler (Life
Technologies, Carlsbad, CA) using 20 ng genomic DNA
in a 25-pl. reaction mixture containing 1X GoTaq Green
Master Mix (Promega, Madison, WI) and 15 pmol each
of forward and reverse primers (Table 1). The amplifica-
tion protocol consisted of initial denaturation at 95 C for
2 min, followed by 35 cycles of denaturation at 95 C for
30 s, annealing at 64 C for 30 s, extension at 72 C for 30
s, and a final extension at 72 C for 5 min.

The PCR products were treated with ExoSAP-IT
(Amersham Pharmacia Biotech, Piscataway, NJ) and then
cycle sequenced using a BigDye Terminator v3.1 Cycle
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Figure 2 Sites of primers which are employed for polymerase chain reaction and direct sequencing to assess germline mutations of serine/threonine ki-

nase 11 gene.

Table 1 Sequences of forward and reverse primers which

are employed for analysis of germline mutations of serine/
threonine kinase 11 gene

Primer Sequence
STK11-5UTR-F GGCCGTGTTCATACTTGTCC
STK11-Ex1-F GTCGGAACACAAGGAAGGAC
STK11-Ex1-R GACCCCAGCAAGCCATACT
STK11-Ex2-F TCCCACAGCACTGTGAACTC
STK11-Ex2-R ATTGCCACAATGGCTGACTT
STK11-Ex3-F TTTCAGAGGGGTGGCTGAG
STK11-Ex3-R CTGGGCGACAGAGTGAGACT
STK11-Ex3-R-2 CAGAAGAATGGCGTGAACCT
STK11-Ex4-5-F GCTGGACCTAGCCTTTCCTC
STK11-Ex4-5-R ACCACCATCTGCCGTATGAG
STK11-Ex6-F TGGTGAAGACAGAGGTGTCC
STK11-Ex6-R AGTTCGGAGGGTGAACAGG
STK11-Ex7-F AGGAGTGGAGTGGCCTCTGT
STK11-Ex7-R AACAGGACACTGCCCAGAGA
STK11-Ex8-F ATGGCTGAGCTTCTGTGGTC
STK11-Ex8-R CCACACCTTTCAGCCATGT
STK11-Ex9-F GCAGCATTTCAGGCTGGATA
STK11-Ex9-R ACGTAGGCCTCCATGACCA

STK11: Serine/ threonine kinase 11.

Sequencing FS Ready Reaction Kit (Life Technologies).
The cycle sequencing was hot-started at 96 C for 30 s,
followed by 25 cycles of denaturation at 96 ‘C for 10 s,
annealing at 50 'C for 5 s, and extension at 60 C for 4
min using 1 pmol PCR forward or reverse primer. Se-
quencing reaction solutions were purified using Sephadex
G-50 superfine columns (Amersham Pharmacia Biotech),
followed by drying and sequencing of the samples with an
ABI Prism 3100 Genetic Analyzer (Life Technologies). All
of the coding exons of the STK77 gene, its boundary re-
glons, and the promoter region were amplified by PCR in
accordance with the standard literature methods. PCR was
carried out in a total volume of 100 pL containing 200 ng
of genomic DNA, 80 pmol of each primer, 100 pmol/L
of each deoxyribonucleoside triphosphate, 1.5 pmol/ L of
magnesium chloride, 10 pL. of 10X PCR buffer and 1.0
U of Taq DNA polymerase. The amplification conditions
wete 95 ‘C for 5 min, followed by 30 cycles of 94 C for
30s, 55 C for 45 s, 72 C for 1 min, with a final extension
at 72 °C for 10 min in a thermal cycler.

Statistical analysis
Data were shown as mean and range.
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RESULTS

The proband in Family | was a 52-year-old male (Case
1) without malignancy, who underwent a laparotomy for
polypectomy of small intestinal polyps. His 26-year-old
daughter was diagnosed as having cervical cancer, and
subsequently underwent hysterectomy (Case 2). In addi-
tion, this daughter also underwent laparotomy four times
for polypectomy of small intestinal polyps and related
intussusceptions. Another daughter, who is 22 years old,
has had no reported malignancies as of the present time
(Case 3), although she has undergone laparotomy for
polypectomy of small intestinal polyps. In Family I, a
65-year-old female (Case 4) was diagnosed with pancreat-
ic cancer, and underwent pancreatoduodenectomy. After
further being diagnosed with intraepithelial neoplasia, she
underwent an endoscopic submucosal dissection, and had
a laparotomy for polypectomy of small intestinal polyps.
Her 37-year-old daughter (Case 5) was diagnosed with
colon cancer, and had a colectomy. Subsequently, she was
also found to have a benign ovarian tumor, in addition to
undergoing laparotomy on three separate occasions for
polypectomy of small intestinal polyps and related intus-
susceptions. In Family IIl, a laparotomy was performed
in a 27-year-old female who at the present time has ex-
hibited no malignancies (Case 6).

Magnified endoscopic findings

Table 2 summarizes the NBI magnification endoscopic
findings. Overall, we found 5 cases of type A (Figure 3A)
and one case without the examination for the gastric pol-
yps, while there were 4 cases of type B (Figure 3B) and 2
case of type A for the colorectal polyps.

Polypectomy

As seen in Table 3, we resected a total of 79 small-bowel
polyps over 27 sessions, with a mean number of resected
polyps per patient of 13.2 (range 1 to 31). The only
delayed complication noted in the PJS patients was the
occurrence of bleeding in Case 6, and this was success-
fully managed with hemoclips. Otherwise, there were no
serious complications related to the therapeutic DBE.
A total of 115 colorectal polyps were resected over 27
sessions, with the mean number of resected polyps pet
patient calculated to be 19.2 (range 0 to 39). There were
also no complications associated with the colorectal pol-
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Table 2 Numbers of gastrointestinal polyps in the stomach, small intestine and colorectum, and narrow-band imaging magnification

endoscopic findings of the gastric and colorectal lesions

Family Case No. Polyps Narrow-band imaging magnification type
Stomach Small intestine Colorectum Stomach Colorectum
I 1 Sporadic Multiple Multiple NE A
2 Multiple Multiple Multiple A B
3 Sporadic Sporadic Multiple A B
I 4 Multiple Multiple Multiple A B
5 Multiple Multiple Multiple A B
III 6 Multiple Solitary Sporadic A A

Figure 3 Narrow-band imaging-magnification gastroscopic picture. A: Narrow-band imaging (NBI)-magnification gastroscopic picture showing type A of the clas-
sification; B: NBI-magnification colonoscopic picture showing type B of the classification.

Table 3 Numbers and sizes of the small-bowel and colorectal polyps that were resected endoscopically and session times of

polypectomy

Family Case No. Polypectomy for the small intestinal polyps Polypectomy for the colorectal polyps
Times n Size (mm) Times n Size (mm)
I 1 5 21 10-35 6 10 5-15
2 7 31 10-25 6 39 5-10
3 1 1 20 1 3 5
i 4 6 10 10-20 10 54 5-10
5 7 15 10-30 4 9 5-10
it 6 1 1 50 0 0 -
ypectomies. The resected polyps varied in size among the sists of nine exons, and one non-coding exon, coding for
PJS patients, and histopathologically, no malighant com- a 433-amino acid coding sequence and one non-coding
ponents were found within these resected polyps. exon'™*L STK11 protein is primarily composed of three
major domains, including an N-terminal non-catalytic
STK11 gene mutation domain, a catalytic kinase domain and a C-terminal
All 3 cases in Family I exhibited the +658C>T nonsense regulatory domain'>*”. Although the exact function of
mutation in exon 5 (Figure 4), which resulted in the pro- STK11 as of yet remains unclear, prior studies have dem-

duction of a truncated protein (Q220X). In Family II, onstrated that a mutation in the STK11 gene can lead
Case 4 had -252C>A and -193C>A in the promoter re- to a loss of kinase activity!™>*”*'. This loss of activity is

gion, while no germline mutations were noted for Case 5. most likely responsible for the development of the PJS
In Family III, Case 6 was found to have the +1062C>G phenotype. Codons 50-337 are responsible for encod-
(F342L) mutation in exon 8. ing the catalytic kinase domain. It has been proposed

that the STK77 gene may act as a tumor suppressor gene
and thus, could be involved in eatly development of the
DISCUSSION pathogenesis in which hamartomas are converted into
Mutations in the STK71 gene on chromosome 19p13.3 adenocarcinoma” ™. In our study, we identified STK11
have been identified as the cause of P]S[S’S’()]. STK11 is a mutations in both Families I and [I. These mutations
highly conserved gene that extends over 23 kb and con- have never been reported in any database or in any pre-

K
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Figure 4 Serine/threonine kinase 11 germline mutation of +658C>T in exon5 that was identified in all the 3 Peutz-Jeghers syndrome patients in Family I .

viously published articles, which indicates that they are
novel mutations. In particular, the +658C>T nonsense
mutation that was found in exon 5 in the Family I results
in a truncated protein that may be non-functional due to
a loss of the kinase activity. More recently, Salloch e# al™
have shown that patients who have a truncating mutation
in the STK77 gene were more severely affected from the
disease as compared with the patients with a non-truncat-
ing mutation. These findings suggest when the mutation
is present, there is a tendency to have more carcinomas
and polyps, in addition to having a significantly increased
number of surgical interventions. In a further study that
examined a larger number of subjects, a total of 240 PJS
patients with the STK11 mutation were analyzedm. Even
though no differences were seen between individuals with
missense and truncating mutations, or between familial
and sporadic cases, the results did suggest that there was
a higher risk of cancer in individuals with mutations in
exon 3 of the genem. On the other hand, a larger study
found that the type and site of STK11 mutation did not
influence cancer risk™. Since we only examined a small
series of PJS patients, it was not possible to assess the
potential genotype-phenotype correlations in the current
study.

The +1062C>G (F342L) mutation seen in exon 8 in
Case 6 is 2 missense mutation that results in the F342L
amino acid substitution. Since this mutation was not
involved in the codons that encode the catalytic kinase
domain, it might not affect the STK11 functions. This
may explain the relatively indolent phenotypes, including
the sparse distribution and paucity of the gastrointestinal
polyps that were seen in Case 6. Amos ¢f al” suggested
that individuals with these missense mutations have a lat-
er onset of symptoms as compared to those individuals
with the other STK11 mutations. Cleatly, further studies
are warranted in order to be able to definitively clarify the
biologic significance of these non-truncating mutations.

Family II patient cases had multiple gastrointesti-
nal polyps and more serious, complicated malignancies.
Nevertheless, we could not detect any mutations in these
subjects. While the absence of STK11 mutations does
occasionally occur in some PJS patients, the reason for
this remains unclear at the present time. STK77/L.KB7
gene mutation is found in approximately 30%-70% of
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sporadic cases of PJS and 70% of affected individuals
with a family history of the condition'. Recent studies
have attempted to use the multiplex ligation dependent
probe amplification analysis to screen for gene and exon
scale mutations in a set of PJS cases in which the STK11
mutations could not be detected. These studies showed
that the detection rates of STK11 mutations in PJS
patients tended to be higher, with rates reaching nearly
80%-94%""" Tt is likely that with continued improve-
ments in genetic testing that mutation detection rates will
improve further, making genetic heterogeneity even less
likely. The lack of identification of a STK11 gene muta-
tion also suggests genetic mosaicism or additional PJS
1oci[1,38,39j.

PJS is associated with an increased risk of gastroin-
testinal and nongastrointestinal malignancies“’3’4’28’361. The
most common sites for malighancy include colorectal,
breast, stomach, small bowel, and pancreas. Since gastro-
intestinal hamartomatous polyps are benign, they were
not initially thought to represent a premalignant condi-
tion"". However, several studies have shown that the
distribution of the gastrointestinal cancers in PJS patients
is similar to that of the hamartomatous polyps, in ad-
dition to clearly documenting that carcinoma arises in
hamartomas™*'. As a result, surveillance GI endoscopy
is now recommended for detection of cancer". More-
overt, the ability to be able to predict the histologic grade
and invasion depth of gastrointestinal neoplastic lesions
is of clinical importance. The NBI magnification clas-
sification scheme that was proposed by Kanao ez al'™ has
proven to be useful for both predicting the histology and
for selecting optimal therapeutic strategies. In Kanao’s
study, they examined the sensitivity and specificity of the
various lesions for diagnosing carcinomas. Their results
showed that the sensitivities and specificities of the type
A lesions for hyperplastic polyps were 100% and 98.9%,
while the type B lesions for tubular adenoma were 85.5%
and 71.0%, respectively. The sensitivities and specificities
of the type C1 lesions for diagnosis of tubular adenoma
ot mucosal/minimally invasive colorectal cancer diagno-
sis were 80.0% and 89.4%, while for the type C3 lesions
for the diagnosis of carcinoma with massive submucosal
invasion, they were 63.8% and 100%, respectively. Based
on these findings, endoscopic resection should be select-

March 16, 2013 | Volume 5 | Issue 3 |



Yajima H et a/. STK11 and endoscopic management in PJS

ed when type B and C1 lesions are present, while surgical
resection should be selected for type C3 lesions. In the
current study, we diagnosed the gastric polyps observed
in our patients according to the NBI-based classification.
As seen in Table 2, all of these polyps were classified as
type A in each of the cases and thus, they did not require
further treatment. This suggests all of these polyps were
of a hyperplastic (hamartomatous) histology type. On the
other hand, the colorectal polyps were classified as B type
polyps, and since they were larger than 5 mm in size, they
were endoscopically resected. Regardless of the treat-
ment, there were no complications noted in our series.

Small-bowel polyps are the most significant clinical
feature of P]S[l’3’4’19]. These hamartomas can lead to com-
plications such as bowel obstruction and severe GI bleed-
ing, which necessitates multiple emergency laparotomies
and bowel resections™. In the present study, 5 out of
6 cases had one or more laparotomies due to intussus-
ception or other significant symptoms. Therefore, when
small-bowel polyps were more than 10 mm in size in PJS
patients, we performed endoscopic resection using DBE.
In the current study, a total of 79 small-bowel polyps
were safely resected without serious complications in any
of the patients. However, in another study that exam-
ined a larger number of PJS cases, the total complication
rate after therapeutic DBE was performed was relatively
higher, with 6.8% of the patients exhibiting complica-
tions"”. When taken together with the findings for our
small case series, these results justify performing a future
prospective multicenter study that is specifically designed
to examine PJS patient treatment protocols.

We report two novel mutations of STK11 that are
associated with PJS. Endoscopic management of GI pol-
yps in PJS patients using DBE or colonoscopy appears to
be both safe and effective, and may help to prevent emer-
gency laparotomies and reduce the cancer risk. Addition-
ally, NBI magnification endoscopic observation provides
helpful information that can be used to select optimal
therapeutic strategies for GI tumors in PJS.

COMMENTS

Background

Peutz-Jeghers syndrome (PJS) is an autosomal-dominant hereditary condition
characterized by gastrointestinal (GI) hamartomatous polyps and mucocutane-
ous pigmentation. Mutations in the serine/threonine kinase 11 (STK11) gene
play a causal role in PJS. Endoscopic polypectomy of Gl polyps may help to
prevent emergency laparotomies and reduce PJS-related cancer risk.
Research frontiers

PJS occurrence is primarily associated with germline mutations in the STK11/
LKB1 gene, which are localized on the chromosomal segment 19p13.3. The
gene spans 23 kb, and consists of nine coding exons and a final noncoding
exon. The coded protein plays a role in cellular energy metabolism, cell polar-
ization, p53-dependent apoptosis, and Wnt signal transduction. The germline
mutation detection rates in PJS patients vary among reports, but recent studies
which have searched for germline mutations using state-of-art techniques dem-
onstrate between 80% and 94%. Most mutations are single base substitutions/
insertions or small deletions that result in an abnormal truncated protein.

Innovations and breakthroughs
Although the exact function of STK11 as of yet remains unclear, prior studies
have demonstrated that a mutation in the STK17 gene can lead to a loss of
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kinase activity. This loss of activity is most likely responsible for the develop-
ment of the PJS phenotype. Codons 50-337 are responsible for encoding the
catalytic kinase domain. In the study, the authors identified STK11 mutations
in two families. These mutations have never been reported in any database or
in any previously published articles, which indicates that they are novel muta-
tions. In particular, the +658C>T nonsense mutation that was found in exon 5
results in a truncated protein that may be non-functional due to a loss of the
kinase activity. The +1062C>G (F342L) mutation seen in exon 8 is a missense
mutation that results in the F342L amino acid substitution. Since this mutation
was not involved in the codons that encode the catalytic kinase domain, it might
not affect the STK11 functions, suggesting that individuals with these missense
mutations have a later onset of symptoms.

Applications

It has been proposed that the STK11 gene may act as a tumor suppressor gene
and thus, could be involved in early development of the pathogenesis in which
hamartomas are converted into adenocarcinoma. It is useful in clinical manage-
ment of PJS and to predict its clinical course to assess this gene mutations.

Terminology

The STK11 gene is located on chromosome 19p13.3 and the mutations in
STK11 gene have been identified as the cause of PJS. STK11 is a highly con-
served gene that extends over 23 kb and consists of nine exons, and one non-
coding exon, coding for a 433-amino acid coding sequence and one non-coding
exon. STK11 protein is primarily composed of three major domains, including
an N-terminal non-catalytic domain, a catalytic kinase domain and a C-terminal
regulatory domain. PJS is a rare autosomal-dominant hereditary condition with
incomplete penetrance that is characterized by hamartomatous polyps of the
gastrointestinal tract and pigmented lesions of the buccal mucosa, perioral
region and other sites. Variable penetrance and clinical heterogeneity make it
difficult to determine the exact frequency of PJS. Most PJS patients develop
significant hamartomatous polyps of the small bowel, with these polyps com-
monly arising in the stomach and colorectum.

Peer review

This is a good study in which authors explore mutations in STK11 gene in PJS
with Gl hamartomatous polyps. The results are interesting and suggest that
endoscopic polypectomy of Gl polyps in PJS patients appears to be useful to
prevent emergency laparotomies and reduce the cancer risk.
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