
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Gastrointestinal polyposis syndromes

Keller, J.J.

Publication date
2003

Link to publication

Citation for published version (APA):
Keller, J. J. (2003). Gastrointestinal polyposis syndromes. [Thesis, fully internal, Universiteit
van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/gastrointestinal-polyposis-syndromes(b836b06c-40a3-4f23-b4ac-1207e8761e40).html


PARTPART II Molecular andPhenotvmc Studies of Peutz-Jeghers Syndrome 

Chapterr  8 

Molecularr  Genetic Alterations in Hamartomatous Polyps and Carcinomas 
off  Patients with Peutz-Jeghers Syndrome 

Mariee M Entius1, Josbert J. Keller1, Anne Marie Westerman, Bastiaan P. van Rees, 
Marie-Louisee F, van Vélthuysen, Anton F.P.M. de Goeij, J. H. Paul Wilson, 

Franciss M. Giardiello and G. Johan A. Offerhaus, 

DepartmentDepartment of Pathology, Academic Medical Center, Amsterdam 
DepartmentDepartment of Internal Medicine, Erasmus University Medical Center, Rotterdam 

DepartmentDepartment of Pathology, University Hospital Maastricht, Maastricht 
DepartmentDepartment of Medicine, The Johns Hopkins School of Medicine, Baltimore, MD, USA 

JournalJournal of Clinical Pathology, 2Ö0J; 54:126-31 

11 these authors contributed equally to this work 



ChapterChapter 8 

Molecularr genetic alterations in hamartomatous 
polypss and carcinomas of patients with 
Peutz-jegherss syndrome 

MM M Entius*, J J Keller*, A M Westerman, B P van Rees, M-L F van Velthuysen, 
A F P M dee Goeij, J H P Wilson, F M Giardiello, G J A Offerhaus 

*Ttw6tt ainhötï contributed equally to ihis work «id appear in alphabetical order. 

Departmentt  of 
Pathology,, Academic 
Medical l 
Centre/Universityy of 
Arosiardam, , 
Meibergdre*f9 ,, UOS 
AZZ Amsterdam, The 
Netherlands s 
M MM Entius 
JJKeUer r 
BPP van Sees 
GJAOJfcrfwus s 

Departmentt  of 
Internall  Medicine, 
Universityy Hospital 
Rotterdam,, 3915 GD 
Rotterdam,, The 
Netherlands s 
A MM Westerman 
JHPWHson n 

Departmentt  of 
Pathology,, Antonle Van 
Leeuwenhoek k 
Hospital/Netherlands s 
Cancerr  Institute, 1066 
CXX Amsterdam, The 
Netherlands s 
M-LL F van Velthuysen 

Departmentt  of 
Pathology,, University 
off  Maastricht, «200 
M DD Maastricht, The 
Netherlands s 
AFPMdeGoetj j 

Departmentt  of 
Medicine,, The Johns 
Hopkinss School of 
Medicine,, Baltimore, 
MDD 21205, USA 
FF M GiardieUo 

Conespoodeöcee to: 
Profissorr Offcdmis 
g.j,, offeriuujfigaini: UTUJI 

Acceptedd 6at publication 
133 June 20O0 

Abstract t 
AimAim——ToTo investigate whether  mutations in 
thee STK11/LKB1 gene and genes implicated 
inn the colorectal adenoma-carcmotna 
sequencee are involved in Pmtz-Jeghers 
syndromee (PJS) related tumorigenesis. 
MethodsMethods—Thirty—Thirty  nine polyps and five car-
cinomass from 17 patients (from 13 fami-
lies)) with PJS were analysed for  loss of 
heterozygosityy (LOH) at 19pl3.3 (STK1I/ 
LKB 11 gene locus), 5q21 (APC gene locus), 
18o21-222 (Smad4 and Smad2 gene locus), 
andd 17pl3 (p53 gene locus), and evaluated 
forfor  immunohistochemlcal staining of p53. 
Inn addition, mutational analysis of K-ra s 
code»» 12, APC, and p53 and immunohisto-
chemietryy for  Smad4 expression were 
performedd on all carcinomas. 
Results—LOUResults—LOU at 19p was seen in 15 of the 
399 polyps and in all carcinomas (n = 5). 
Interestingly,, six of the seven polyps from 
patiëntee with cancer  had LOH , compared 
withh nine of the 31 polyps from the 
remainingg patients (p = Q.01). In one 
polypp from a patient without a germline 
STKll/LKB ll  mutation, no LOH at 19p or 
att  three alternative PJS candidate loci 
(19q,, 6p, and 6q) was found. No LOH at 5q 
wass observed. However, mutational analy-
siss revealed an APC mutation in four of 
thee five carcinomas. LOH  at 17p was not 
seenn in polyps or  carcinomas; immunobis-
tochemistryy showed expression of pS3 in 
onee carcinoma and focal expression in 
threee polyps. At subsequent sequence 
analysis,, no p53 mutation was found. One 
carcinomaa had an activating K-ra s codon 
122 nutation and another  carcinoma 
showedd lSq LOH ; however, no loss of 
Smad44 expression was seen. 
ConclusionsConclusions—These—These results provide far-
therr  evidence that STKll/LKB l acts as a 
tumourr  suppressor  gene, and may be 
involvedd in the early stages óf PJS tumori -
genesis.. Further  research is needed to see 
whetherr  LOH  in PJS polyps could be used 
ass a biomarlcer  to predict cancer. Differ -
encess in molecular  genetic alterations 
notedd between the adenoma-carcinoma 
sequencee and PJS related tumours suggest 
thee presence of a distinct pathway of 
carcinogenesis. . 
(77 OmPufol 2001 £4:126-131) 

Keywords:: Pettte-Jeghers syndrome; carcinogenesis; 
STK11/LKB1;; hamartoma 

Peutz-Jegherss syndrome (PJS) is a rare auto-
somall  dominant condition characterised by 
hamartomatouss polyps, which can occur 
throughoutt the gastrointestinal tract, and 
melaninn spots found on the lips and buccal 
mucosa.11 i Patients with PJS have an increased 
riskk of developing cancer at a relatively young 
age.1'' Malignancies occur in die gastro-
intestinall  tract but also in non-gastrointestinal 
sitess including the pancreas, breast, ovary, and 
testis.' ' 

Recently,, a gene defect leading to PJS has 
beenn identified- The STKI1/LKB1 gene en-
codess a serine/threonine kinase that is ex-
pressedd ubiquitously in human tissues7 * and 
mightt be involved in Gl cell cycle arrest.* 
Althoughh the STKII/LKB 1 gene appears to 
playy a crucial role in tumour development in 
patientss with PJS,"1"11 a low frequency of muta-
tionn is found in similar sporadic cancers.""" To 
date,, more than 60 patients with PJS and inac-
tivatingtivating germline mutations in the STKU/ 
LKB11 gene have been reported." Possible 
hotspotss of mutation are exons 1 and 6, which 
togetherr account for one half of the currently 
describedd germline alterations. However, not 
alll  families affected by PJS are linked to the 
19pi3.33 locus of the STKll/LKB l gene, sug-
gestingg genetic heterogeneity.10'13 Alternative 
locii  ate l^q*  and the breakpoints at a pericen-
tricc inversion on chromosome o.11 

Investigationn of the genetic alterations in 
premangnantt and malignant lesions from 
patientss with familial adenomatous polyposis 
(FAP)) has been instrumental in the discovery 
off  the sequential genetic events in colorectal 
carcinogenesis.""  These studies have found a 
progressivee accumulation of mutations in the 
APC,, K-ras, Smad2, Smad4, and p53 genes, 
whichh correlate with the subsequent stages of 
thee adenoma-carcinoma sequence. The possi-
blee malignant potential of hamartomatous pol-
ypss in patients with PJS is not well understood. 
Althoughh very rare, malignant transformation 
off  PJS polyps has been reported,*w indicating 
thatt a hamartoma-carcinoma sequence might 
occurr in PJS. Mutational analysis of the genes 
involvedd in colon carcinogenesis has been per-
formedd in hamartomas and carcinomas from 
patientss with PJS, and has shown that K-ras 
mutationss are very rare in PJS tumours 
comparedd with FAP and sporadic adenomas or 
carcinomas.I0**  In addition, no loss of hetero-
zygosityy (LOH) at 5q (close to the APC gene) 
wass found in PJS tumours. '*  In contrast, inacti-
vatingg mutations of the wild-type allele of the 
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TableTable 1 Number of patient* toitk fctat-Jegficn syndrome (l^S),afftarf  families, atuimi&ed kanarumatow Syspofas, and fa 
germtinegermtine STKWLKB1 mutational status 

NoNo STKU/LKBI pmtfiw 
VtümetenVtümeten mutational rami 

Numberr  ofp t̂icntjJfernilic i 11 pattern*  fan 7 EuniBc» 1 
Numberr  of polyps 11 1 
Numberr  «fcattioamM J 

55 futimt t faun 5 tirtubc s 
16 6 
1 1 

177 pitknt i fen» 13 fiunOks 
39 9 
5 5 

STKU/LKBII  gene are common in PJS 
tumours,, indicating that the PJS gene might be 
involvedd in PJS related tumour development," 
andd that it might act as a tumour suppressor 
gene. . 

Inn our present study, we extended our previ-
ouss work1" by investigating the 19p LÖH status 
inn polyps and carcinomas from 17 patients with 
PJS,, including one without a germlme muta-
tionn in the STKJ1/LKB1 gene. In addition, we 
analysedd these tissues for the specific genetic 
alterationss known to occur in the adenoma-
carcinomaa sequence to clarify the molecular 
pathogenesiss of PJS tumours. 

Material »» and methods 
PATIENT SS AND TISSUE SAMPLES 
Thirtyy nine hamartomatous polyps and five 
adenocarcinomass of 17 patiënte with PJS from 
133 families formed the study population. The 
clinicall  diagnosis of PJS was confirmed by his-
topathologicall  review of the hamartomas by an 
experiencedd pathologist (GJAÖ). The hamar-
tomass were from the gastrointestinal tract 
(stomachyy two; small bowel, 27; colon, 10); the 
carcinomass were from the stomach (one), pan-
creass (one), small bowel (one), and colon 
(two).. Eleven patients came from seven differ-
entt families with a germline STKU/LKBI 
mutation10""  **  " ; in one patient from another 
family,, no germline mutation was found. In the 
fivefive remaining patients from five other unre-
latedd families, the mutational status was 
unknownn (table 1). 

DNAA ISOLATIO N 
Formalinn fixed and paraffin wax embedded tis-
suee was available for study from all the hamar-
tomass and four carcinomas; one colonic carci-
nomaa was a fresh frozen specimen. The 
sampless were cut into 5 um sections, mounted 
onn to glass slides, and stained with haematoxy-
linn and eosin. Polyp epithelium and cancer tis-
suess were carefully microdissected. The micro-
dissectedd tissue was collected into 
microcentrifugee tubes containing 50-200 ul 
DNAA isolation buffer (50 mM Tris-HCl, 
pH8,0,, 0.2% Tween-20, and lOOmg/ml 
proteinasee K), depending on the size of the tis-
suee fragments, and incubated overnight at 
56°C.. Samples were heated to 96°C for 10 
minutess to inactivate the proteinase K. For 
normall  control wild-type DNA, lymphocyte 
DNAA or DNA isolated from the muscularis 
propriaa from the same sample was used. In 10 
polyps,, in which no LOH was found in the 
abovee fashion, more accurate microdissection 
off  the epithelium using a laser capture 
microscopee was carried out to enrich the sam-
plee and to avoid negative results caused by 
wild-typee contamination. 

LOHH ANALYSI S 
Twoo polymorphic microsatellite markers were 
usedd for LOH analysis of each studied locus: 
D19S8866 and D19S565 flanking the STK11/ 
LKBII  gene on 19pI3.3; DSS346 and D5S122 
nearr me APC gene on 5q21; D18S474 and 
D18S4877 on 18q21-22 (Smad2 and Smad4); 
D17S5133 and p53-Alu near and within the p53 
genee on 17pl3, respectively. For analysis of the 
alternativee PJS loci, the markers D19S891 for 
19q,D6S257for6p,andD6S3Ill  for 6q were 
used.""  ra Primer sequences were obtained from 
thee genome database (www.gdb.org), except 
forr P53-A1U.1*  One primer for eachmarker was 
endd labelled with "P-yATF. AmpHTaq Gold 
polymerasee was used for amplification of the 
genomicc DNA fragments. The PCR conditions 
forr these markers Were: 94°C for 10 minutes, 
followedd by 33 cycles of 94°C for 30 seconds, 
55*GG for 30 seconds, 72°C for one minute; and 
thenn a final extension step óf 72°G for 10 min-
utes.. The samples were run on a 6% poryacry-
lamidee gel. The gels were dried and exposed 
overnightt to a Kodak Biomax™ XR film. 

K-ra tt  CODON 12 MUTATIONA L ANALYSI S 
Thee genomic DNA samples from the five car-
cinomass were used for amplification of K-ras 
specificc sequences by the polymerase chain 
reactionn (PCR). Mutations were identified by 
allelee specific hybridisation using a previously 
describedd protocol.1* 

IMMUNOHtSTOCHEMISTR YY FOR pS3 AND Smad4 
Immunohistochemistryy for p53 and Smad4 
wass performed as described previously.**B p53 
stainingg was performed on both polyps and 
carcinomas;; Smad4 staining was performed on 
carcinomass only. Unstained 5 urn sections were 
cut.. Sections were dewaxed and rehydrated in 
xylenee and a series of graded alcohols. Endog-
enouss peroxidase activity was blocked in 0 3% 
H,022 in methanol for 20 minutes. Slides were 
submergedd in citrate buffer (0,01 M, pH 6.0) 
andd heated in a temperature probe controlled 
microwavee oven for 10 minutes at 100°C. After 
coolingg for 20 minutes, 10% normal goat 
serumm in phosphate buffered saline (PBS) was 
appliedd for 20 minutes. The sections were sub-
sequentlyy incubated for one hour with the pri-
maryy antibody. To detect mutant p53 expres-
sion,, the monoclonal mouse antihuman 
antibodyy D07 (Dako, Giostrup, Denmark) 
wass used at a 1/200 dilution in PBS. For 
Smad44 staining, the monoclonal mouse anti-
humann antibody B-8 (Santa Cruz Biotechnol-
ogy,, Santa Cruz, California, USA) was usedd at 
aa 1/100 dilution. After washing, btotirrytated 
rabbitt antirhouse IgG antibody (Dakopatts, 
Giostrup,, Denmark) at a 1 /200 dilution in PBS 
withh 10% normal AB serum was applied for 
300 minutes, followed by streptavidrn-biotin 
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peroxidasee in PBS with 10% normal AB serum 
(1/200)) for 30 minutes. The peroxidase activity 
wass visualised using diaminobenzidine (DAB; 
1/20)) in 0.05 M Tris-HCl/0.1% FLO, for 10 
minutes.. The nuclei were counterstained with 
haematoxylni.. A known p53 positive colorectal 
carcinomaa was used as a positive control; the 
samee sample was used as a negative control by 
replacingg the primary antibody with PBS. p53 
stainingg was considered positive when more 
thenn 10% of the cells showed nuclear p53 
expression. . 

SEQUENCEE ANALYSI S OP EXONS 5-8 IK THE p53 
GENE E 
Sequencee analysis was performed to detect 
mutationss in the commonly affected exons 5-8 
off  the p53 gene in all carcinomas and from 
microdissectedd areas with p53 expression in 
threee polyps as described previously," Briefly, 
exonss 5-8 were amplified by PCR. Template 
DNAA was obtained by PCR, using an aliquot of 
thee first PCR as input DNA. The primers used 
inn this reaction added EcoRl and BamHl rec-
ognitionn sequences to the amplified product. 
Thee fragments were digested with EcoRl and 
BamHll  and cloned into the plasraid vector 
pBluescriptt (Stratagene, La Jolla, California, 
USA).. Bacterial clones with inserts were 
pooled,pooled, DNA was isolated, followed by bidirec-
tionall  DNA sequencing using Sequenase 
versionn 2.0 (United States Biocheraicals, 
Cleveland,, Ohio, USA). 

AFCC MUTATIONA L ANALYSI S 
APCC mutational analysis in DNA from die five 
carcinomass was performed using a denaturing 
gradientt gel electrophoresis (DGGE) tech-
nique,, as has been described previously.39 This 
techniquee focuses on mutations occurring in 
thee APC mutation cluster region (MCR) in 
whichh 65% of die somatic mutations of me 
APCC gene occur." " The DNA was extracted 
fromm tissue sections as described above. The 
MCRR was amplified in two steps, as described 
previously.MM Initially, two overlapping frag-
mentss spanning die MCR (fragment A: nucle-
otidess 3874-4229 and fragment B: nucleotides 
4114-4624)) were amplified in a PTC-200 
machinee (MJ Research Inc, Waltham, Massa-
chusetts,, USA) in a final volume of 20 ul, con-
tainingg 2 mM of MgCI^ 250 jiM of dNTPs, 
2000 nM of each primer, and 1 U of Taq DNA 
polymerasee (Perkin Elmer) in the buffer 
suppliedd by the manufacturer. Cycling was 
performedd during 30 cycles at 94°C for 40 sec-
onds,, 54°C for one minute, and 72°C for one 
minute,, followed by a final extension step at 
72*CC for 10 minutes. The respective primers 
usedd for the first amplification round were: 
fragmentfragment A, 5'-GAAATAGGATGTAATCAG 
ACG-3**  upstream and 51-GAGCTGGCAA 
TCGAACGACT-3'' downstream; and frag-
mentt B, 5'-GCTCAGACACCCAAAAGTC 
C-3'' upstream and S'-CATTCCCATTGTC 
ATTTTCC-3'' downstream. Subsequendy, 
fourr smaller fragments were amplified in the 
secondd amplification round, with 1 ul of the 
PCRR product of me first round as a template: 
fragmentt SI (nucleotides 3874-4092) using 

thee upstream primer for fragment A 
andd 51-CGCTGCTGAAGAAAATTCAAC-3, 

downstream;; fragment S2 (nucleotides 4026-
4229)) using primer S'-ACTGCAGGGTT 
CTAGTTATC-3'' upstream and the down-
streamm primer for fragment A; fragment S3 
(nucleotidess 4179-4383) using primers 5-
TACTTCTGTCAGTTCACTTGATA-3'' Up-
streamm and 5'-ATTTTTAGGTACTTCTC 
GCTTG-3'' downstream; and fragment S4 
(nucleotidess 4328-4594) using primers 5'-
AAACAGCTCCACCAGCTCe-3'' upstream 
andd 5'-GCATTATTCTTAATTCCACATC-3' 
downstream.. A GC clamp was attached to one 
off  the primers for each fragment. PCR was 
performedd in a final volume of 50 ul with 
2.00 mM MgCy58°C annealing temperature 
forr fragments SI and S2; 2.25 mM MgCL/ 
58CCC for fragment S3; and 1.75 mM MgCy 
58°CC for fragment S4, during 30 cycles. Subse-
quently,, 3-5 ul of nested PCR product of each 
fragmentt was used for DGGE, which was per-
formedd on 10% polyacryiamide gels with a 
preformedd gradient of 20-70% urea/20-70% 
formamide,, using die DCode system (Biorad, 
Hercules,, California, USA). Electrophoresis 
conditionss were 120 V for four hours at 56°C. 
Thee gels were stained with ultrasensitive silver 
staining. . 

Inn addition, in the one fresh frozen carci-
noma,, APC gene mutational status was studied 
usingg an in vitro synrhesised protein assay as 
describedd previously," which is capable of 
detectingg mutations in genes that alter the 
resultantt in vitro synthesised protein product. 
Thee APC gene was divided into five overlap-
pingg segments; segment 1 was isolated from 
complementaryy DNA templates prepared with 
reversee transcription of nlRNA, segments 2 to 
55 were isolated directly from genomic DNA. 
PCRR products were used directly as templates 
inn coupled transcription-translation reactions. 
Sampless were analysed by electrophoresis on a 
sodiumm dodecyl sulphate polyacryiamide gel 
withh a gradient from 10% to 20%. The (trun-
cated)) proteins were visualised by Suorography 
afterr the gel had been impregnated with 
ENHANCEE (New England Nuclear, Boston, 
Massachusetts,, USA). 

Results s 
LÖHH AT 19pl3.3 
Inn the 39 hamartomatous polyps from 17 
patients,, LOH at 19p, near the STKU/LKB1 
gene,, was found in 15 cases (fig 1; table 2). Fine 
microdissectionn of the epithelium, using a laser 
capturee microscope, did not reveal additional 
polypss wim LOH, In the polyp of die patient 
withoutt a germline mutation in the STK11/ 
LKB11 gene, no LOH at 19p was found. The 
fivefive carcinomas (three from patients with a 
knownn germline mutation in STK1I/LKB1; 
twoo from patients with unknown mutational 
status)) all showed LOH at 19p (fig I; table 3). 
Interestingly,, six of die seven polyps from 
patientss with carcinoma showed LOH at 19p, 
comparedd with only nine of 31 polyps from the 
remainingg patients, excluding die polyp from 
thee patient without a germline mutation in the 
STKll/LKB ll  gene (p = 0.01, Fisher's exact 
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FigureFigure I (A) Loss of heterozygosity (LOH) at the STK11ILKB1 locus 19p in a 
hamartomatoushamartomatous polyp (P) and a colonic carcinoma (C) from patients with Peutz-Jeghers 
syndrome.syndrome. DNA extracted from normal tissue (N) is displayed next to tumour DNA. (B) 
LOHLOH at lSq in a colonic carcinoma (C) compared with normal tissue (N). 

TableTable 2 Number of polyps with loss of heterozygosity (LOH) at 19p seen in patients with 
Peutz-JeghersPeutz-Jeghers syndrome according to polyp site and mutational status of the STKJ1ILKB1 
gene gene 

PolypPolyp site 

Stomach h 
Smalll  bowel 
Colon n 
Total l 

NumberNumber of polyps with 
LOHLOH from patients with 
aa germline 
STKItlLKBlSTKItlLKBl mutation 

0/1 1 
7/16 6 
1/5 5 
8/22 2 

NumberNumber o/pohps with 
LOHLOH from patients 
withoutwithout a germline 
STKUILKB1STKUILKB1 mutation 

0/1 1 

0/1 1 

NumberNumber of polyps with 
LOHLOH Jrom patients wiOi 
unknownunknown mutational 
status status 

0/1 1 
4/10 0 
3/5 5 
7/16 6 

Total Total 

0/2 2 
11/27 7 
4/10 0 
15/39 9 

test).. All five patients with carcinoma had at 
leastt one polyp with LOH, whereas only five of 
thee 11 patients without cancer had polyps with 
LOHH (p = 0.06, Fisher's exact test). 

LOHH AT THE POSSIBLE ALTERNATIVE PJS LOCI I9q, 
6pss AND 6q 
Inn one polyp from a patient without a germline 
STK11/LKB11 mutation, LOH at 19q, 6p, and 
6qq was studied to see whether these loci were 
involvedd in STK11/LKB1 independent PJS 
pathogenesis.. However, no LOH at 19q, 6p, 
andd 6q was found. 

LOHH AT 5q AND APC MUTATIONAL ANALYSIS 
Noo LOH at 5q (APC gene) was found in either 
polypss or carcinomas. Mutational analysis of 
thee APC gene was carried out in the five carci-
nomass by DGGE, and revealed an APC muta-
tiontion in four of five cases (fig 2; table 3). In one 
carcinoma,, no mutations were found in frag-
mentss S1-S3, and fragment S4 was non-
informative.. The APC mutation was confirmed 
byy an in vitro synthesised protein assay in the 

FigureFigure 2 Denaturing gradient gel electrophoresis pattern 
ofof an APC gene mutation in fragment S3 of the APC 
mutationmutation cluster region (MCR) in a Peutz-Jeghers 
syndromesyndrome (PJS) carcinoma (lane I). Wild-type fragment 
S3S3 from a different PJS carcinoma (lane 2). Wild-type 
fragmentfragment S3 from the colon carcinoma cell line CaCo2 
(lane(lane 3). 

onee carcinoma (stop codon truncation of 
segmentt 2) from which a fresh frozen specimen 
wass available. 

LOHH AT 17p, p53 IMMUNOHISTOCHEMISTRY, AND 
SEQUENCEE ANALYSIS OF THE p53 GENE 
LOHH at 17p (p53 gene) was not found in pol-
ypss or carcinomas. Immunohistochemistry 
showedd focal expression of p53 in three polyps 
andd unequivocal expression in one carcinoma 
(figg 3), suggesting the presence of mutant p53 
proteinn product.29 Subsequent sequence analy-
siss of p53 exons 5-8 in all carcinomas and in 
microdissectedd tissue from the areas with p53 
expressionn in the three polyps did not detect a 
mutation. . 

LOHH AT 18q AND IMMUNOHISTOCHEMISTRY FOR 
Smad4 4 
LOHH at 18q (Smad2 and Smad4 locus) was 
foundd in one carcinoma (fig 1; table 3) but not 
inn the polyps. Smad4 expression was present in 
alll  carcinomas, including the colon carcinoma 
withh 18q LOH and the pancreatic carcinoma. 

K-rass CODON 12 MUTATIONAL ANALYSIS 
Mutationall  analysis of the K-ras oncogene in 
codonn 12 revealed an activating mutation in 

TableTable 3 Molecular changes and immunohistochemical (JHC) expression ofp53 and Smad4 in the five studied Peutz-Jeghers syndrome related 
carcinomas carcinomas 

PatientPatient with Sq LOH.'APC 
STK11STK11 fLKBl mutational analysis 
germlinegermline mutation I9p LOH (DGGE) 

K-rasK-ras codon 12 
17p17p LOHIIHC pS3 

I8qI8q LOHlIHC mcrexprcssion/p53 
SmadSmad 4 expression mutation exons 5-8 

Stomachh carcinoma 
Smalll  bowel carcinoma 
Pancreass carcinoma 
Colonn carcinoma 
Colonn carcinoma (fresh frozen) 

-/+ + _/_* * 
-/+ + 
-/+ + 
-.'++ (truncation 
off  segment 2) 

-/+ + 
-/+ + 
-/+ + 
m m 
-/+ + 

-/-/--
- / + / --
-/-/--
-/-/--
-i-h--i-h-

tt S4 from the APC mutation cluster region is non-informative. 
DGGE,, denaturing gradient gel electrophoresis; LOH, loss of heterozygosity. 
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FigureFigure 3 Immunohistochemical expression ofpS3 in a 
coloncolon carcinoma of a patient with Peutz-Jeghcrs syndrome. 

onee colon carcinoma (table 3), caused by a 
basee pair substitution from wild-type glycine 
(GGT)) to aspartic acid (GAT). 

Discuss ion n 
Too increase insight into PJS related carcinogen-
esis,, we analysed LOH at the locus of die PJS 
gene,, STK11/LKB1, on chromosome 19pl3.3 
inn 39 polyps and five carcinomas from 17 
patientss with PJS. In addition, we studied LOH 
att loci containing the genes known to be 
involvedd in the adenoma-carcinoma sequence: 
APC,, Smad4 and Smad2, and p53. In the five 
availablee carcinomas, mutational analysis of 
p53,, APC, and K-ras codon 12 was performed. 

Previouss studies provide evidence that 
STK11/LKB11 acts as a tumour suppressor 
genee and that germline mutations cause 
PJS.77 '016 In our present study, LOH of 
19pl3.33 was found in all five carcinomas and 
overr a third of the 39 hamartomatous polyps, 
supportingg the role of the STK11/LKB1 gene 
inn PJS related tumorigenesis. Literature reports 
suggestt genetic heterogeneity in PJS.2'"2 In the 
polypp from the patient with PJS but without a 
germlinee STK11/LKB1 mutation, LOH analy-
siss of three alternative candidate PJS loci (6p, 
6q,, and 19q)'"'z' did not show allelic losses. 
Differentt mechanisms abrogating functional 
expressionn of wild-type STK11/LKB1, such as 
pointt mutations or methylation of die pro-
moterr region of die STK11/LKB1 gene, as has 
beenn described in a cervical carcinoma cell 
line,'' cannot be excluded. Alternatively, the 
absencee of LOH in die single polyp of a patient 
witi ii  PJS widiout evidence of a germline 
STK11/LKB11 mutation could reflect a distinct 
pathwayy and might support die existence of 
geneticc heterogeneity. 

Off  importance is whether loss of STK11/ 
LKB 11 induces die malignant transformation of 
PJSS tumours, and acts as the initiating event of 
aa possible hamartoma-carcinoma sequence, 
similarr to the role of APC in die adenoma-
carcinomaa sequence. On a microscopic level, 
wee were unable to detect differences between 
hamartomatouss polyps widi and without LOH. 
Wee saw no hamartomas widi neoplastic epithe-
liall  changes, so that a neoplastic potential 
remainedd obscure at least at the microscopic 
level.. Because neoplastic change is very rarely 
foundd in PJS hamartomas and has only been 
reportedd occasionally,5 * it remains unclear 
whetherr the loss of wild-type STK11/LKB1 is 

aa key event in the initiation of PJS related car-
cinogenesis.. It is of interest, however, that LOH 
att 19pl3.3 occurred in six of die seven polyps 
fromfrom patients widi carcinoma (n = 5), com-
paredd widi nine of the 31 polyps from diose 
withoutt cancer (n = 11; p = 0.01), excluding 
thee patient without an STK11/LKB1 germline 
mutation.. Further research is needed to find 
outt whether 19pl3.3 LOH in polyps could be 
usedd as a biomarker to predict PJS related car-
cinogenesis. . 

Previouss reported differences between mo-
lecularr alterations in die adenoma-carcinoma 
sequencee and PJS related tumours involve die 
APCC locus at 5q and K-ras codon 12 
mutations.10""  Inactivation of the APC tumour 
suppressorr pathway is diought to be an early 
andd initiating event in colorectal neoplastic 
growdi,, and LOH at 5q is found in up to 50% 
off  sporadic colorectal tumours.37 In our study, 
LOHH at 5q was not found in the PJS hamarto-
mass and PJS related carcinomas. However, 
mutationall  analysis of die MCR of die APC 
genee revealed APC mutations in four of five 
carcinomass studied (confirmed by a positive 
proteinn truncation test for APC mutation in 
onee fresh frozen specimen), indicating tiiat 
neverthelesss the APC gene might play a role in 
PJSS related carcinogenesis. In earlier work, we 
reportedd diat K-ras codon 12 mutations, which 
aree found in 50% of colorectal adenomas larger 
diann 1 cm,57 are very rare in PJS hamartomas.26 

Inn our present study, only one K-ras codon 12 
mutationn was found in five carcinomas. Of 
note,, the pancreatic carcinoma analysed did 
nott have a K-ras codon 12 mutation, a very 
commonn event in sporadic pancreatic carci-
noma.'88 The p53 gene is diought to play an 
importantt role in die progression of premalig-
nantt lesions towards malignancy, being mu-
tatedd in 85% of colorectal carcinomas and very 
rarelyy in benign tumours.57 Only one of the five 
PJSS carcinomas showed immunohistochemical 
expressionn of p53, which suggests the presence 
off  mutant p53 gene product20; and no muta-
tionss in the commonly affected exons 5-8 were 
detectedd in the carcinomas. Taken togedier, 
diesee results suggest mat die molecular genetic 
alterationss in die five PJS related carcinomas 
differr from those seen in sporadic carcinomas, 
andd may follow a distinct padi of carcinogen-
esis.. Whedier such a PJS related carcinogenesis 
followss a hamartoma-carcinoma sequence 
remainss unclear, because neoplastic change in 
hamartomass is only rarely seen and it is diere-
foree questionable whedier hamartomas act as 
trulyy preneoplastic lesions. 

Inn conclusion, our present study further 
establishess the role of me STK11/LKB1 gene 
inn PJS related tumorigenesis, although its 
functionn remains largely unknown. In addition, 
ourr results suggest that PJS related carcinomas 
havee different molecular genetic alterations 
comparedd with those found in sporadic gastro-
intestinall  tumours. Further research is needed 
too investigate rhe possible neoplastic potential 
off  PJS hamartomas and to unravel the roll of 
thee PJS gene, STK11/LKB1, in tumour forma-
tiontion and carcinogenesis. 
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