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Molecularr  and phenotypic aspects of gastrointestinal polyposis syndromes 
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Molecularr  and Phenotypic Aspects of Gastrointestmal Polyposis Syndromes 

Gastrointestinall  polyposis syndromes are autosomal dominant disorders, caused by 
gennlinee mutations in a variety of tumor-suppressor genes. These syndromes are characterized by 
thee development of multiple gastrointesintal polyps, extra-intestinal manifestations, and an 
increasedd cancer risk. Cancer may occur in the gastrointestinal tract, but also at extra-intestinal 
sites.. Polyposis syndromes are classified by the histological appearance of polyps; further sub-
classificationss can be made by phenotypic expression, extra-intestinal manifestations, or 
underlyingg genetic cause. These disorders may present in patients with a negative family history, 
representingg de novo mutations or masked existence of familial polyposis due to intra-family 
differencess in phenotypic expression, 

Classification: Classification: 
Thee most important distinction is made by the presence of adenomas, which are defined as 

maeroseopicalryy visible lesions that carry dysplastic mucosa and are therefore, by definition, 
neoplasticc '. Adenomas are precursors of colorectal carcinoma (CRC); lesions £ 10mm have a 
24%% risk for malignant transformation within 20 years2. Adenomas are the phenotypic hallmark 
off  familial adenomatous polyposis (FAP) (see below), which is characterized by a virtually 100% 
riskk for the development of CRC3. FAP is caused by a gennline mutation in the APC 
(adenomatouss polyposis eoli) gene, considered the key tumor suppressor of the large bowel4,s. 
Expressionn variants are attenuated FAP, Gardner syndrome (FAP with extra-intestinal 
manifestations),, and Turcot syndrome. Gardner syndrome is the combination of polyposis with 
epidermoidd cysts, osteomas, dental abnormalities or desmoids; Turcot syndrome is the 
combinationn of FAP with brain tumors, most often medulloblastoma3. Of note, Turcot-pedtgrees 
havee also been linked to hereditary nonpolyposis colorectal cancer (HNPCC), caused by gennline 
mutationss in one of the mismatch repair genes6. 

Distinctt from the adenomas in FAP are the hamartomatous polyps found in die Peutz-
Jegherss syndrome (PJS)(see below), Juvenile Polyposis syndrome (JPS), and in Cowden's 
syndromee (CS) and its expression variant Bannayan-Riley-Ruvalcaba syndrome (ERRS). 
Hamartomatouss polyps are non-neoplastic at the histological level, composed of tissue elements 
presentt in the normal mucosa at that particular site. However, dysplastic transformation has 
occasionallyy been reported in PJS hamartomas7*9, and ~30% of JPS hamartomas harbor dyplastic 
fociI0.. PJS is caused by a mutation in the STKU/LKBJ gene n,i2>  JPS is caused by mutations in 
thee SMAD4 " or BMPRIA genes '4, which are components of the TGF-fl-RII signaling pathway. 
CSS and BRRS are caused by mutations in the PTEN gene1S''6. JPS patients with mutations in 
PTENPTEN have also been describedi7,1S, however, these individuals may have been misdiagnosed, 
andd are in fact affected by CS I9. Other syndromes with gastrointestinal (hamartomatous) polyps 
aree Gorlinn syndrome (naevoid basal cell carcinoma syndrome) and Cronkhite-Canada syndrome, 
whichh are not associated with an increased risk for gastrointestinal carcinoma. In addition to FAP 
andd the hamartomatous polyposis syndromes, there are reports of less established conditions, such 
ass familial hyperplastic polyposis syndrome20 and hereditary mixed polyposis syndrome2I. 
Whetherr these are distinct disorders or variations of the above syndromes remains to be seen n. 

8 8 
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Phenotype: Phenotype: 
Thee intestinal and extra-intestinal phenotype, cancer risk and underlying genetic cause of 

thee different syndromes are listed in Table 1  The phenotypes have been defined by detailed 
clinicall  descriptions. Also, a molecular genetic approach may help to define the phenotype, linking 
thee pathogenesis of specific lesions to the underlying genetic defect of a syndrome a (chapter 10, 
thiss thesis). There is wide inter- and mtra-famiUal variation in the phenotypic expression of the 
differentt syndromes. The inter-familial variation can in part be explainedd by genotype-phenotype 
correlations,, linking site and type of the germline mutations within a causative gene to phenotypic 
expressionn of the syndrome 3'24,2S. Intra-familial variation may in part be explained by 
polymorphismss in modifier loci26. 

Tablee 1. Genetic cause, gastrointestinal (GI) and extra-intestinal phenotype and cancer risk of famüial adenomatous polyposis 
(FAP)J'2\Peutz-Jegherss syndrome fPJS) 2S-lfr30

i Juvenile Polyposis syndrome (JPS)Ï1J2, and Cowden syndrome (CS) and its 
expressionn variant Bannayan-Riley-Ruvalcaba syndrome (BRRS)"'3i. The cumutati ve cancer risk (%) of FAP and P JS is presented; 
thee percentages listed for JPS and CS are not based on formal risk assessment studies, CHRPE, congenital hypertrophy of the retinal 
pigmentt epithelium; Du, duodenum caerctnoma; CRC, colorectal carcinoma; St, stomach carcinoma, Je, Jejunum carcinoma; D, ileal 
carcinoma;; Th, thyroid carcinoma; Bra, brain tumors; HeBl, hepatoblastoma; Pa, pancreas cacinoma; Br, breast carcinoma; tu, lung 
cancer;; Ov, ovarian cancer. 

Genee Phenotype, hallmark symptoms are listed in italics 

GII  polyposis Extra-intestinal 

Cancerr  risk 

GI I 

Du u 
CRC C 
Pa a 

St t 
Du/Je/H H 
CRC C 
Pa a 

CRC C 
St/Du u 

5-11% % 
-100% % 
2% % 

29% % 
13% % 
39% % 
36% % 

30-40% % 
10-15% % 

Extra-intestinal l 

Th h 
Bra a 
HeBl l 

Br r 
Lu u 
Ov v 
Ut t 

Br r 
Th h 

2% % 
2% % 
1% % 

54% % 
15% % 
21% % 
9% % 

25-50% % 
3-10% % 

FAPP APC 

PJSS STKll 

Fundicc gland polyps 
Gastricc adenomas 
Smalll  intestinal adenomas 
ColorectalColorectal adenomas 

GastricGastric Small intestinal and 
colorectalcolorectal hamartomas 

CHRPE,, nasopharyngeal angiofibroma, 
osteomas,, jaw lesions, dental anomalies, 
lipomas,, fibromas, epidermoid cysts, 
desmoidss hepatoblastoma 

mucocutaneousmucocutaneous pigmentation 
ovariumm cysts, SCTAT, adenoma malignum, 
urinaryy tract polyps, nasal polyps, bronchus 
polyps,, gallbladder polyps 

JPS S 

CS S 

& & 
BRRS S 

SMAD4SMAD4 Gastric juvenile polyps congential anomalies, arteriovenous 
BMPRIA'BMPRIA' Small intestinal juvenile polyps malformations 

ColorectaljuColorectalju venSe polyps 

PTENPTEN11 Gastrointestinal juvenile 
poiyps s 

mucocutaneousmucocutaneous papules3, trichitemmoma3\ 
breastt fibroadenomas, thyroid adenomas, 
goitre,, cerebellar gangliocytoma, 
macrocephafy",macrocephafy", lipomatosis4, speckled penis* 

1.. Recently, a BMPR1A mutation has also been described in a patient with Cowden/BRRS syndrome . 
2.2. /7EY mutations have also been linked to JPS, probably reflecting difficulties in the clinical distinction between JPS and CS in some 

casess ™ 

3.. Hallmarks of CS, present in ~100 of patients. 
4.. Classic triad of BRRS: macrocephaly, lipomatosis and pigmented maculas of the glans penis (speckled penis, not reported in CS) 

9 9 
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Management: Management: 
Theree is wide variation in the clinical presentation, and therefore, patient care and 

surveillancee guidelines differ between polyposis syndromes. Adequate risk assessment is required 
andd includes complete diagnostic work up and genetic testing. Surveillance protocols should be 
basedd on formal cancer risk investigations within cohorts of affected individuals. 
Recommendationss for FAP 2T and PJS u are presented in Tahle 2 and 3. Genotype-phenotype 
correlationss and the identification of modifier loci may enable further differentiation of 
surveillancee guidelines in the future. In addition to surveillance, prophylactic surgery is required 
inn FAP, but is not recommended for the other polyposis disorders. Furthermore, patients with 
gastrointestinall  polyposis syndromes may benefit from chemopreventive treatment against the 
developmentt of intestinal and extra-intestinal cancer. To date, NSAIDs and selective CÖX-2 
inhibitorss appear promising chemopreventive agents, although clinical use is still restricted to 
patientss with FAP37 (chapter 2, this thesis). 

Familiall  adenomatous polyposis (FAP) 

FAPP is an autosomal dominantiy disorder caused by germline mutations in the APC 
(adenomatouss polyposis coli) tumor suppressor gene. FAP occurs between 1 per 7.000 and I per 
30.0000 newborns; CRC in FAP accounts for <1% of all diagnosed cases of colorectal cancer3. 
Thee diagnosis of FAP is based on the presence of: (i) 100 or more colorectal adenomas, or (ii) 
germlinee mutation of the APC gene. 

Phenotype Phenotype 
Thee hallmark of FAP is the development of innumerable colorectal adenomas, which 

becomee visible between the age of 10 and 20 years and inevitably will result in the development 
off  CRC at a mean age of 39 years3'27. Most adenomas are tubular, ranging in size from barely 
visiblee nodules up to 1 cm or more. Unique are the single crypt adenomas observed at 
microscopy,, which can be considered pathognomic for FAP3. The number of adenomas may vary 
betweenn families. If less than 100 adenomas are present, attenuated FAP (AFAP) should be 
considered27.. In addition to colorectal adenomas, adenomas of the small intestine have been 
describedd in up to 92% of patients 38, resulting in a 330 times increased risk for duodenal 
carcinomaa compared to Ihe general population39. In the stomach, adenomas appear rare but fundic 
glandd polyps are commonly found3. However, there is no increased risk for gastric cancer in FAP 
inn Western patients39. 

Extra-intestinall  manifestations of FAP are listed in Table 1, and may serve as marker 
forr FAP if the diagnosis is uncertain. Of clinical concern are extra-intestinal malignancies, 
includingg hepatoblastoma *°, medulloblastoma6 and thyroid carcinoma 4!. In addition, 
desmoidd tumors, which are typically found in retroperitoneal tissues or in thee abdominal wall, 
cann cause severe morbidity and may even become life threatening 42. Desmoids are composed 
off  sheets of elongated fibroblasts, arranged in fascicles and whorls with a dense consistency 
andd a variable amount of collagen, and follow an expansive growth pattern \ 

10 0 
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GeneticsGenetics and pathogenesis 
AA causative germline mutation in the APC gene may be found in --95% of FAP families 43. 

Thee APC tumor suppressor gene is considered the gatekeeper of the colorectal mucosa and 
inactivationn of the wild type allele by loss of heterozygosity (LOH) or somatic mutations can be 
foundd in the vast majority of FAP related tumors5< 44*45. Loss of APC appears mandatory for the 
initiationn of the adenoma-carcinoma sequence in FAP, which describes the transformation of 
normall  colorectal epithelium into invasive adenocarcinoma. Wild type APC binds B-catenin, 
enablingg the phosphorylation and degradation of this proto-oncogene * . Inactivation of APC results 
inn nuclear accumulation of B-catenin, and B-catenin/TCF4 mediated transcription of target genes, 
amongstt which is cyclinD 1 47, Met * , and CD44 * . As a consequence, apoptosis, proliferation and 
migrationso"53,, which are key processes for the maintenance of colorectal epithelial homeostasis, 
aree disturbed. In addition to a B-catenin regulating function, wild type APC is involved in the 
integrityy of the genome, playing a role in mitotic spindle formation M. The latter function may 
providee an explanation for the observed chromosomal instability found during colorectal 
carcinogenesis. . 

Overr 300 different germline APC mutations have been identified, and phenotypic 
expressionn correlates to the mutation site. Classical FAP is caused by mutations between codon 
1677 and 1596, whereas mutations at the 5' or 3' end of the APC gene are associated with 
AFAP5*24,25.. Alterations between codon 1250 and 1464 can result in a severe phenotypes. 
Furthermore,, mutations between codons 1403 and 1578 may predispose to the development of 
extra-intestinall  manifestations, including desmoids 56~58. Explaining those genotype-phenotype 
correlationss may provide further insights in the role of APC in carcinogenesis. Interestingly, the 
sitee of a germline APC mutation may also predict whether inactivation of the wild type APC allele 
occurss through LOH or a truncating mutation *4,45. 

Afterr inactivation of APC, progression of the adenoma-carcinoma sequence is driven by 
ann accumulation of activating and inactivating mutations in oncogenes, such as K-RAS, and tumor 
suppressorr genes, e.g. TP53, respectivelys. As a result, the expression of growth-regulatory 
en2ymess is altered, amongst others CÖX-2, which is involved in the conversion of arachidonic 
acidd into prostaglandins, promoting tumor growth by inhibition of apoptosis, and increasing 
angiogenesiss 5M3. Importantly, CÓ.X-2 is a target for chemopreventive treatment with NSAIDs or 
COX-22 inhibitors "(chapter 2, this thesis). 

Management Management 
First-degreee relatives of FAP patiënte and suspected FAP patients should undergo 

screeningg and genetic testing for the APC gene mutation. At the time of diagnosis, surgery is 
recommended.. There are several surgical options including subtotal colectomy with ileorectal 
anastomosiss (IRA), and total proctocolectomy with Brooke ileostomy or with mucosal 
proctectomyy and ileoanal pull-through3*27. Surveillance should be offered to those who are APC 
genee mutation tested positive, or to all first-degree relatives of FAP patients in whom no mutation 
hass been identified. Guidelines are listed in Table 2. 

11 1 
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Tablee 2. Screening and surveillance guidelines in FAP: 

AtAt risk individuals 

Genotyping:: APC mutation: sigmoidoscopy annually starting at age 12 years; children up to age 7 years: alfa-feto-
proteinn levels and ultrasound imaging of the liver. 
Noo APC mutation : sigmoidoscopy at age 25 years 

Noo genotype available: Sigmoidoscopy annually starting at age 12 years, then every 2 years starting at age 35 years, then every 3 
yearss starting at age 35 years, then per guidelines for average-risk individuals starting at age 50 years. 
Childrenn of affected parents up to age 7 years: alfa-feto-protein levels and ultrasound imaging of the liver. 

AffectedAffected individuals 

Upperr GI surveillance every 3 to 4 years, and annually if tipper GI tract polyps are found 
[ff  retained rectum orj-pouch, sigmoidoscopy every 6 months or I to 2 years, respectively. 
Annuall  physical exam and routine blood testing. 

Chemopreventionn may be considered in patients with FAP who have rectal adenomas after 
colectomyy with IRA. The NSAID sulindac and the selective COX-2 inhibitor celecoxib have 
shownn to reduce the number and size of adenomas **' 65. Although sulindac appears more 
effective,, celecoxib may be the initial treatment of choice considering the potential gastrotoxicity 
off  NSAIDs37. NSAIDs based chemoprevention against duodena! adenomas appears of limited 
value6M8.. Also, sulindac appeared ineffective as primary chemopreventive treatment against the 
developmentt of adenomas in patients genotypicalry affected but phenotypically unaffected by 
FAPP m. Although NSAIDs and selective COX-2 inhibitors are of use as chemopreventive agents, 
thee effect is incomplete, and mere is a need for biomarkers, which can predict treatment outcome. 
Too date, the most promising biomarker appears mucosal prostaglandin levels, which predicted 
treatmentt response in FAP patients on sulindac 70'7i. Another potential biomarker is rectal 
epitheliall  apoptosis ^(chapter 3 and 4, this thesis). 

Peutz-Jegherss syndrome (PJS) 

Inn 1921, the Dutch physician Peutz reported a family with "a highly remarkable 
combinationn of polyposis of the mucosa of the intestinal tract and of the nasopharynx, 
togetherr with typical mucocutaneous pigmentations", a rare syndrome which is now named 
afterr him74,75 (chapter 7, this thesis). PJS is an autosomal dominant gastrointestinal 
hamartomatouss polyposis disorder with a very high cancer risk, caused by a germline 
mutationn in the STK11 gene "'12'28'76. The incidence is estimated between 1 per 50.000 and 1 
perr 120.000 newborns 77,78. The diagnosis is based on the presence of (i) 2 or more 
characteristicc PJS hamartomas, or (ii) one hamartoma together with either classical PJS 
pigmentationn or a family history of PJS, or (iïi) a pathogenic STK11 germline mutation36. 
Melaninn pigmentation may serve as a marker for disease, with a limited sensitivity and 
specificityy (chapter 12, this thesis). 

12 2 



GastrointestinalGastrointestinal Polyposis Syndromes 

Phenotype Phenotype 
Thee phenotype of PJS includes distinctive mucocutaneous melanin pigmentation, 

gastrointestinall  hamartomas and benign extra-intestinal tumors. Furthermore, mere is a high 
intestinall  and extra-intestinal cancer risk, as listed in Table 1. 

Thee mucocutaneous pigmentations consist of dark blue through brown to black macula 
typicallyy found on the hips and oral mucosa, and on the skin around the mouth, órbita and nose 
(chapterr 12, this thesis). These lesions are usually noticed at infancy and may fade after puberty. 
Thee pigmentations are formed by a proliferation of melanoblastic cells, and are not of clinical 
concern.. However, they may point to the diagnosis PJS. 

Hamartomatouss polyps can be found in the small intestine of -80% of PJS patients, and in 
thee colon and stomach of-40% of those individuals ™. Hamartomas are pedunculated polyps with 
aa central core of arborizing smooth muscle surrounded by disorganized and branching glandular 
cryptss with many goblet-like cells29. Dysplastic changes are generally absent79. Notably, 
epitheliall  misplacement of intestinal mucosa, found in -10% of small intestinal hamartomas, may 
mimicc invasive malignancy (pseudo-invasion) and represents a diagnostic pitfall79"81. Recurrent 
intussusceptionn of hamartomatous polyps causes significant morbidity in PJS patients, resulting in 
aa high laparotomy rate 82>83. 

Polypss have also been reported at many extra-intestinal sites, including the gallbladder, 
bronchus,, esophagus, urether, urinary bladder, renal pelvis, and nasal cavities74p n'84. Rare extra-
intestinall  tumors in PJS were reported in a variety of organs, including sex cord tumors with 
annularr tubules (SCTAT) of the ovaries, Sertoli cell tumors of the testis, and adenoma malignum 
off  the uterine cervix ̂  78. Of interest, SCTAT in PJS appears to be a rather benign condition, 
oftenn bilateral and multi-focal, whereas sporadic SCTAT is characterized by a malignant clinical 
course85. . 

GeneticsGenetics and pathogenesis 
PJSS is caused by a germline mutation in ih&STKll (serine threonin kinase) tumor 

suppressorr gene on 19pl3.3 11,12 Mutations can be identified in ~70% of PJS patients ™6. A 
secondd PJS gene may exist, possibly associated with a distinct spectrum of carcinomas 87i89. In 
hamartomas,, carcinomas and extra-intestinal polyps from patients with a STKl I germline 
mutation,, LOHof the wild type allele has been reported 2i>30'90"92, in addition, inactivation can 
occurr by somatic mutations92. Whether inactivation of STKl 1 is required for initiation of the 
developmentt of hamartomas is not known. Hamartomas from Stkll+A mice may harbor wild type 
StklStkl I, suggesting that haploinsufficiency may suffice for a clinically manifest phenotype93. 

STKll  1 is a kinase and most point mutations reported in PJS disrupt the kinase activity of 
STKll  1 *\ suggesting mat intact kinase activity is essential to its tumor-suppressive function. In 
vitro,vitro, STKl 1 inhibits proliferation by causing Gl cell cycle arrest. This effect may be mediated 
byy a p53 dependent up-regulation of p21WAFl/CIPw. In addition, STKl I appears to be involved 
inn p53-mediated apoptosis %, although p53 mediated growth arrest was not impaired in Stkll"1' 
mousee embryonic fibroblasts (MECs) *7. The effects of STKl 1 on proliferation and apoptosis are 
bothh dependent of cytoplasmic localization, which seems thus required for its tumor-suppressive 
activity,, Stkll-/- mice die in utero and display many congenital defects, including vascular 
anomalies.. The latter may be related to increased Vegf expression in Stkl l"1' mice * , However, a 
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rolee for VEGF in PJS-related tumorigenesis remains to be defined. Notably, die expression of 
odierr stromal signaling proteins, such as MMp2 and Pdgfra was increased in StkW' hamartomas 
andd MECs 97, possibly explaining the prominent stromal proliferation in hamartomas. 
Interestingly,, Stk 11 ̂  MECs not only showed immortalization in culture, but also resistance to 
activatedd RAS induced transformation w. This investigation suggests that, under certain 
circumstances,, loss of STKJ1 may protect cells against progression towards malignancy, 
providingg a possible explanation for the limited malignant potential of hamartomas. Such a 
paradoxicall  effect of the STK11 gene places it in a distinct class of tumor suppressors. 

Too date, carcinogenesis in PJS is not welt understood and the premalignant potential of f 
hamartomass has not been established. Although rare 79

> dysplastic transformation of hamartomas 
mayy occur, suggesting the existence of a hamartoma-adenoma-carcinotna sequence 7"9. At the 
molecularr level, this PJS tumor-progression model differs from the adenoma-carcinoma sequence 
inn FAP. PJS hamartomas and carcinomas show LOH at the STKU locus 19pl3.3, but lack LOB at 
5qq {APClocus) and 17p (77*55 locus)90,91. In addition, mutations in APC and K-RAS are rare52'99 

(chapterr 9, this thesis). One group reported fi-catmin (CTNNB1) mutations in a subset of 
hamartomas,, including one dysplastic lesion 92, suggesting a relationship to progression of the 
hamartoma-adenoma-carcinömaa sequence. However, we were unable to ündfi-catenin mutations 
inn either hamartomas or carcinomas. Also, we discovered only focal alterations in the expression 
orr localization of B-catenin, cyclinDl, Ki-67 and p21/wafi/cipl, which are commonly observed in 
thee adenoma-carcinoma sequence (chapter 9, this thesis). Taken together, carcinogenesis in PJS 
appearss to be distinct from FAP. Importantly, COX-2 expression was found in hamartomas from 
StkllStkll+!+! '' mice, and in nondysplastic and dysplastic hamartomas and carcinomas from PJS patients, 
providingg a rationale for the investigation of chemoprevention with NSAIDs or COX-2 inhibitors 
inn PJS m (chapter 9, mis mesis). 

Tabicc 3. Screening and surveillance guidelines in PJS3* . 

Intervall  Test 

Yearlyy haemoglobin, bilirubin 
abdominall  ultrasound (assessment of liver and pancreas) 
pelvicc ultrasound (assessment of cystic ovarian lesions) 
cervicall  smears (endo and ecto-cervical) 

Bienniallyy upper GI-endoscopy with polypectomy 
colonoscopyy with polypectomy 
smalll  bowel series (or enteroscopy with video capsules) 

Variablee Male regular testicular self-examination 
scrotall  ultrasound until puberty or in the presence of feminizing feature 

Femalee regular breast self-examination 
breastt radiology every 5 years from 25 til l 45 years, then biennially until 50, then yearly 
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Management Management 
Patientss and their relatives should be investigated for the presence of hamartomas and a 

germlinéé STKJ1 mutation. Counseling is required before genetic testing may be performed ^ 
Oncee the diagnosis is established, surveillance should be offered» although the benefit of 
surveillancee has not been evaluated. Recommendations published by McGrath and Spigelman36 

aree shown in Table 3. To decrease the risk for intussusception of hamartomas, regular 
polypectomyy is indicated. Intra-operative endoscopy can be applied for polyps > 1.5 cm or polyps 
whichh are not accessible by standard endoscopic techniques, avoiding small bowel resections36,101. 
Thee high cancer risk in PJS pointe to the need for chemopreventive strategies against the 
developmentt of intestinal and extra-intestinal carcinomas. To date, no treatment is available. 
However,, we found COX-2 expression in PJS carcinomas and dysplastic hamartomas suggesting 
thatt NSAIDs or COX-2 inhibitors may be beneficial (chapter 9, this thesis). 

Outlinee of the tnesfe 

Phenotypicc and molecular studies are needed to improve patient care for patients affected 
withh polyposis syndromes. Important targets are the further optimalization of surveillance 
protocols,, and the development of screening tools and chemopreventive strategies. Studies 
addressingg pathogenesis, screening modalities and chemoprevention of polyposis syndromes may 
providee important clues to the development of preventive strategies against sporadic CRC, since 
thesee disorders represent unique models of carcinogenesis in the general population. 

Thiss thesis describes two lines of research. The focus of part one of this thesis is 
chemoprevenuonn of FAP, addressing the molecular mechanism óf the effect of sulindac against 
colorectall  adenomas, and evaluating apoptosis as potential biomarkers. In chapter  2, recent 
advancess in chemoprevention of colorectal cancer with NSAIDs or COX-2 inhibitors are 
reviewed.. Chapters 3 and 4 address the value of rectal epithelial apoptosis as a biomarker for 
treatmentt outcome and adenoma development in phenotypieally positive and negative FAP 
patientss respectively, treated with sulindac. In chapter  5, molecular alterations potentially related 
too sulindac resistance are investigated in adenomas from sulindac resistant and sulindac 
responsivee patients, Chapter  6 evaluates nuclear G-catenin and Wnt-signaling as targets for 
NSAIDss based chemoprevention in adenomas of FAPpatients and in colorectal cancer cell lines. 

Partt  two of this thesis describes studies investigating molecular and phenotypic aspects 
off  PJS. Chapter  7 is a historical note about the initial descriptions of the syndrome by Peutz and 
Jeghers.. Chapters 8 and 9 aim to further describe the molecular pathogenesis of PJS related 
hamartomass and carcinomas, to define a possible preneoplastic potential of hamartomas at the 
molecularr level and to assess expression of COX-2, a target for chemopreventive therapy. 
Chapterr  10 and 11 investigate the molecular genetic association between PJS and nasal 
polyposiss and address the pathogenesis of PJS related nasal polyps. In chanter  12, the diagnostic 
valuee of mucocutaneous pigmentation in PJS is assessed. Chapter  13 describes the tumor 
spectrumm and estimates the cancer risk in a cohort of well-documented Dutch PJS patients. 
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ABSTRACT T 
Thee chemopravonfiye efficacy of NSAIDs qgamst coferedol cancer hat been established. 

Also,, NSAIDs may decrease the incidence of carcinomas of the esophagus, stomach, 
breast,, lung, prostate, urinary bladder and ovary. The dmical use of these agents is fonfled 
too patients with familial adenomatous polyposis {FAP), which may benefit from cHemo-
preventivee treatment with sufirtdac or the selective COX-2 inhibitor eeJecoxib, The 
mechanismm of chemoprevenfian by NSDAJDs is still a matter of debate. COX-2 inhibition 
explainss at bast part of me observed effects, however, other targets have been proposed. 
Furthermore,, me effect of NSAIDs is incomplete and molecular mechanisms related to 
resistancee need to be studied. Also, more effective chemoorevenftve regimens are needed; 
combinationn therapy appears attractive, potentially increasing efficacy and decreasing 
toxicity.toxicity. This review discusses molecular and clinical aspects of chemoprevention of the 
octenoma-earcinomaa sequence with NSAIDs or COX-2 inhibitors. 

iNTROOUaiO N N 
Thee chemopreventive potential of nonsteroidal anti-inflammator y drags (NSAIDs) 

againstt  colorectal carcinoma (CRC) has been documented by four  Hues of evidence: 

1.. epidemiological audits; 
2.. animal studies; 
3.. in vitr o experiments; and 
4.. dinical trials.' 

Also.. NSAIDs may decrease the incidence of carcinomas of the esophagus, stomach, 
breast,, lung, prostate, urinar y bladder  and ovary.3 Although die chemoprcvenrivt activity 
off  NSAIDs appears: established, debate continues about the mechanisms underlying these 
effects.33 Inhibitio n of cydocatygenase-2 (COX-2) seems a partial  explanation but many 
alternativee targets have been proposed. 

Despitee studies favoring chemoprevention by NSAIDs, rJh« clinical use KSnauw Imiite d 
t oo individual s wit h famiBal adenomatous polyposis (FAP). Additional patients who may 
benefitt  from NSAIDs-hased cbemoprevention are those wit h hereditary non-polypoas 
colorectall  cancer  (HNPCC), other  hereditary colorectal cancer  syndromes, and sporadic 
adenomatouss polyps. Thi s review discusses the current progress and futur e perspectives for 
chemopreventivee strategies for colorectal cancer  prevention wit h NSAIDs and COX-2 
inhibitors . . 

ADENOMA<AAaHOM AA S W U N G AND MKHANIS M OF CHEIWPBEVÏMT10H 

Ad«nc4ii*Orctaom aa Sequence. The adenomarcarcinonia sequence is a multi-step 
modell  describing the transition of normal colorectal mucosa into invasive earcinoiiia. 
Subsequentt  pre-cursor  stages are aberrant crypt foci (ACF), small tubular  adenomas, and 
largee adenomas with high-grade dysplasia. Colorectal carcmogenesU is driven by an accu-
mulationn of molecular  alterations, inactivating tumor-suppressor  genes, and activating 
oncogeness (Fig. I).'*' 5 

Initiatio nn of thé adenoma-carcinoma sequence requires oncogenic activation of the 
Wm-patbway,, in which APC and p-catenin are essential components. Wil d type APC 
bindss p-catenin, enabling phosphorylation and degradation of §-catenin. Inactivation of 
APC,, or  activating mutations in p-catenin result in nuclear  accumulation of non-phos-
phoryUtcdd (J-catenin and pV-catenin/TCM mediated transcriptio n of Wnt-tatget genes.6 

Inactivationn of APC is found in most CRCs; the remaining cases are likely to harbor 
P-cateninP-catenin mutations.7 PAP patients have an inherited germline mutation in one of the 
APCC alleles, accelerating the initiatio n of the adenoma-carcinoma sequence, which results 
i nn me development of numerous adenomas at young age' 
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Figuree 1. Adenoma-carcinoma sequence. The chromosomal Instability pathway, reflecting carcinogenesis In FAP and most sporadic cases is distinct from 
thee mismatch repair deficiency pathway, characterized by MSI. The latter pathway reflects carcinogenesis in HNPCC and a minority of sporadic cases. 

Progressionn of the adenoma-carcinoma sequence is characterized 
byy additional mutations in a consecutive order (Fig. 1): activating 
K-RASK-RAS mutations, LOH at 18q (SMAD-locus), and in activation of 
TP53.*'*TP53.*'* Concomitandy, the expression of important cell regulatory 
proteinss is altered, amongst others cyclooxygenase-2 (COX-2), 
whichh regulates the conversion of arachidonic acid into prosta-
glandins.. The iso-enzyme COX-1 is considered the housekeeping 
enzymee and const itutively expressed. Expression of COX-2 is absent 
underr physiological conditions but is increasingly induced during 
consecutivee stages of the adenoma-carcinoma sequence.8"12 The role 
off  this enzyme in colorectal carcinogenesis was established by 
Oshimaa et al., showing that COX-2 deficiency partly suppressed the 
adenomatouss phenotype of Ape4716 mice.13 The tumor-promoting 
effectt of COX-2 is in part mediated by binding of increased levels of 
PGE22 to its receptor EP2, '4 resulting in resistance to apoptosis, 
increasedd angiogenesis, and disturbed cell adhesion.15"18 In adenomas, 
bothh epithelial and stromal COX-2 overexpression can be found.9 

Thee significance of stromal overexpression is unclean a "landscaping" 
rolee has been suggested." 

TwoTwo distinct pathways of colorectal carcinogenesis arc recognized, 
basedbased on morphological and molecular-generic differences (Fig. I).5 ,20 

Inn FAP and most sporadic CRCs, carcinogenesis is characterized by 
chromosomall  instability leading to frequent loss of heterozygosity 
(LOH)) throughout the genome. The cause of chromosomal insta-
bilit yy is yet unknown. Mutations in mitotic checkpoint genes and 
thee APC gene, independent of its Wnt-regulatory function, may be 
involved.. , '23 In contrast, carcinogenesis in HNPCC and -10% of 
sporadicc CRCs, is characterized by mismatch repair (MMR) defi-
ciency,, caused by inactivation of one of the MM R genes, most often 
hMLHlhMLHl or hMSH2.20 HNPCC patients have a germline MMR-gene 
mutation.. Inactivation of the wild type allele results in a hyper-
mutablee state with unstable replication of repetitive DNA sequences, 
reflectedd by microsatellite instability (MSI) and frameshift mutations 
inn growth regulatory genes. Thus, MMR-deficiency accelerates 
thee progression of the adenoma-carcinoma sequence.5 In sporadic 
CRC,, MSI may result from hypermethylation of CpG-islands at 
thee promotor region of hMLHl, silencing its expression.20 

Oncogenicc activation of the Wnt-pathway in MMR-deficient CRC 

iss characterized by a relative excess of frameshift APC mutations,2* 
andd fi-cntenin mutations.25 Further hallmarks of MMR-deficient 
CRCss are mutations in genes containing simple repeated sequences 
inn their coding region, such as TGF-p-fl receptor, mutated in -80% 
off  CRC with MSI, and BAX, mutated in -50% of CRC with MSI.20 

Off  note, there is less COX-2 expression in CRCs with MSI.26-27 

Differencess between carcinogenesis in HNPCC and FAP may have 
implicationss for chemopreventive strategies. 

Mechanismm of Chemoprevention (See Fig. 2). The chemopre-
ventivee effect of NSAIDs appears mediated by induction of apop-
tosis.288 This is supported by the observations that NSAIDs induce 
apoptosiss in: 

1.. CRC cell lines-.29"31 

2.. CRCs of carcinogen treated rats;32-33 

3.. normal intestinal mucosa of ApcMin mice;34 

4.. normal rectal mucosa of FAP patients.35,36 

Whetherr NSAIDs suppress proliferation remains controversial. 
NSAIDss inhibit proliferation of CRC cells in vitro,31-37 and decrease 
thee proliferation rate in tumors from carcinogen treated rats32 and 
Ape*7166 mice.38 However, there was no effect of sulindac on the 
extentt and localisation of proliferation in the normal colorectal 
mucosaa of FAP patients,35-3'"41 although decreased rectal epithelial 
proliferationn was reported after rectal administration of sulindac.42 

Also,, decreased proliferation was observed in the duodenum of FAP 
patientss on sulindac. 3 The absence of an effect on proliferation in 
normall  colorectal mucosa does not exclude an ami proliferative 
effectt of NSAIDs in adenomas. 

COX-22 appears the most important molecular target of NSAIDs. 
Thesee agents are known for COX inhibitory capacity,44 and COX-2 
iss involved in early stages of the adenoma-carcinoma sequence.5,13 

Evidencee that COX-2 inhibition has chemopreventive potential is 
basedd on: 

1.. in vitro studies;45 

2.. studies with different mouse models of FAP and carcinogen treated 
rats;13,46"48 8 

3.. a randomized trial showing that the selective COX-2 inhibitor 
celecoxibb caused adenoma regression in patients with FAR49 
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Figuree 2 . Mechanisms of chemoprevention by NSAIDs. Part of the chemoprevenrive octivily can be explained by inhibition of COX, however, other mech-
anismss are likely to exist. 

Furthermore,, prostaglandin levels were decreased in the colorectal 
mucosaa of FAP patients with adenoma regression on sulindac,49,50'52 

indicatingg that COX-2 is a chemoprevenrive target of NSAIDs. Of 
note,, NSAIDs not only inhibit COX-2 activity, but also reduce 
COX-22 expression.14'53"55 This may be explained by a positive feed-
backk mechanism via PGE2 and its receptor EP2.14 

Evidencee for COX-2 independent mechanisms of NSAID 
chemopreventionn also exists. NSAIDs induce apoptosis in cells lacking 
COX-2,3 1 , 566 and prostaglandins do not rescue cells from NSAIDs-
induccdd apoptosis.29,31 Also, concentrations of NSAIDs required for 
growthh inhibition of tumor cells exceed the COX-2 inhibiting 
dose.3 1 , 577 Furthermore, sulindac appears more powerful than 
celecoxibb (see below), indicating that COX-2 inhibition alone may 
nott suffice. 

Otherr proposed targets of chemoprevention include RAS, NF-icB, 
PPAR6,, Bd-XL , FAK, NAG-1 and P-catenin,30,58-63 but in vivo 
supportt is lacking for most of these, and doses used in laboratory 
settingss often exceed lethal human concentrations.3 A postulated 
targett is P-catenin. This oncogene effectuates the activation of the 
Wnt-pathway,, which is crucial for the initiation of the adenoma-
carcinomaa sequence. Thus, reducing nuclear P-catenin levels could 
bee important in preventing the adenoma-carcinoma sequence. In 
vitroo and in vivo studies show that sulindac and indomethacin affect 
thee expression or localization of P-catenin. Sulindac and 
indomethacinn inhibited the nuclear accumulation of B-catenin in 
colonn cancer lines,63 direcdy affected Wnt-regulated transcrip-
tion,64,655 and altered the expression of the Wnt-rargets cyclin D l , 
Met,, and CD68.63" 65 In addition, sulindac and other NSAIDs 
downn regulated the expression of P-catenin in normal mucosa34 and 
adenomass of Apc^1" mice, and prevented nuclear accumulation of 
P-cateninn in tumors from carcinogen treated rats67 and in adenomas 
fromm FAP patients.55,65 Also, the sulfone metabolite of sulindac, 
whichh lacks COX-inhibitory capacity, reduced nuclear P-catenin in 
aa CRC cell line,68 suggesting that the effect of sulindac against 
nuclearr P-catenin is COX-2 independent. 

Inn vitro and animal studies using Apc^716 mice and cancer cell 
linee xenografts in nude mice point to the anti-angiogenic activity of 
NSAIDs.14,16-18,699 This effect appears to be both COX-2 dependent 
andd independent,14,16,69 and may be mediated by down regulation of 
importantt pro-angiogenic growth factors, such as VEGF and 
bFGF.7 0Thee extent to which inhibition of angiogenesis contributes 
too the chemoprevenrive effects of NSAIDs is unknown. 

Partiall  Inhibition of Neoplasms. Sulindac and other NSAIDs do 
nott completely prevent the development of colorectal cancer. 
Understandingg the mechanism of resistance is of clinical importance 
too define the limitations of NSAIDs based chemoprevention. In 
vitroo and in vivo studies point to selective inhibition of certain tumor 
cellss by sulindac and other NSAIDs. Molecular alterations possibly 
involvedd in selectivity arc /fM.S'-mutations, AVUC-mutarions, p2Iw'fl ,°?1 

inactivation,, and 5#C-mutations. 

RASRAS mutations may affect the sensitivity to NSAIDs, although 
findingsfindings are not uniform. Arber et al. noted that A-RA S-t rans formed rat 
intestinall  cells were relatively resistant to sulindac-induced apoptosis.71 

Inn addition, K-RAS mutations were found in sulindac-resistant 
adenomass from FAP patients.55 These data suggest that acquisition 
off  a K-RAS mutation maybe critical in blunting chemoprevention by 
sulindac.. Others, however, found no effect of activated K-RAS on the 
growthh inhibitory capacity of sulindac72 Also, sulindac specifically 
inhibitedd transformation of rat intestinal cells mediated by activated 
H-Ras,H-Ras,7i7i and H-Ras transfected rat intestinal cells appeared more 
sensitivee to COX-2 inhibition induced apoptosis.45 In addition, 
tumorss from carcinogen treated rats displayed fewer K-Ras and 
H-RasH-Ras mutations after treatment with piroxicam or sulindac.74,75 

Finally,, sulindac direcdy inhibits oncogenic RAS-signaling in vitro.60 

Takenn together, data about RAS activation and NSAIDs seem 
contradictoryy and need further study. 

Inn vitro, wild type BAX is a precondition for NSAIDs-induced 
apoptosis.. Also, this effect appeared dependent on changes in the 
ratioo between BAX and Bcl-X^30 Thus, BAX mutations may be 
involvedd in sulindac/NSAID resistance. This observation could have 
importantt implications for the use of NSAIDs as chemopreventive 
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mmorj. MThee tofc iot p2I9^ lki*'  in the chemoprcwntive action of 
mUncbcc wu «tablisbecl by the finding that adenoma* from 
Apc lewMM  mice with üractiwtion of J ^ 7 - * * * ; CAPOp21 mice) did 
nott  PMpood to wlindtc treatment.̂ 6 Rnauy. pfdiminar y data tug-
ge«« dut MSAtDs promote die invaaive potential ofacttvt(mg>£ftC-
mutarionn containing cell*.77 Further  ttiuÜet are needed to 
elucidatee whether  and how treatment with NSAID* or  «eiecove 
COX-22 inhibiton induee jpedfic pathway» of carcinogenen*, while 
preventingg omen* 

Bioouncra.. Biomarken are needed to monitor  and/or  predict 
thee effect of chemopreventite dwrapy for  cobrtctal neoptaaia. hi 
addition,, htomarker*  may provide turrogate ertdpotntt to aven the 

andd concomitantly a target for chemootcvemiw therapy; Alteration» 
inn the exprcnion or  pretence of tuch a biomatfcer  in the notmal 
colorectall  mucosa tbould predict treatment refponte. 

Pnaendy,, the mon promaiitg bionurker  for NSAID chemopre-
verttionn 'a NSAUte-induced downregulation ofpcoataglandln levek 
inn the normal colorectal rouoota. These fcwb can predict regrestion 
off  adenoma» and auppreiMOn of the development of adenomas 
byy H"" V in FAP patient*  with adenomas and prwymptomaric 
tndmduaUU napecnveh/.il•7•'7, However, die usefulne» of protta" 
gjandinn levels if limited «tnce they did not peedki the dewlopment 
off a hfeakthtough carcinoma.* Alao. ntltndac induced downtegub-
tionn of intestinal procraglandiR levcU appeared independent of the 
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Figuree 3 . Results of a randomized double-blind trial, comparing sulindac 
3000 mg a day with placebo for me treatment of rectal adenomas in FAP 
[83].. Reproduced with permission. Copyright O 1993 Massachusetts 
Medicall Society. All right reserved. 

clinicall  response in another study with FAP patients, and in ApcMin 

mice.50-80 0 

Anotherr biomarker examined was sulindac-induced apoptosis. 
Theree was a correlation between treatment response and the effect of 
sulindacc on the compartmentalization of apoptosis throughout the 
crypt.566 However, sulindac did not affect rectal epithelial apoptosis 
inn young FAP patients without adenomas.81 Further studies, using 
moree refined methods for apoptosis detection, are needed to evaluate 
thee clinical potential of this marker. Additional insights in the mech-
anismss of chemoprevention will enable the future development of 
accuratee biomarkers. 

NSAIDSS AND C0X-2 INHIBITORS FOR COLON CANCER 
PREVENTION N 

Chemopreventionn of FAP. Familial adenomatous polyposis 
(FAP).. is an autosomal-dominant disorder caused by a germline 
mutationn of the APC gene.' FAP patients develop innumerable 
colorectall  adenomas and colorectal cancer is inevitable. Prophylactic 

surgeryy is indicated and colectomy with an ileorectal anastomosis 
(IRA)) is an surgical option. After colectomy, these patients are still at 
increasedd risk for the development of rectal stump cancer.82 

Preventionn of rectal stump adenomas, and of adenomas in young 
pre-symptomaticc FAP patients ate major targets for chemopreventive 
treatmentt in FAP. 

Reportss of FAP patients treated with sulindac, indomethacin or 
selectivee COX-2 inhibitors are listed in Tables 1 and 2.39-*1-43-49-78-83-97 

Endpointss are number and size of adenomas measured by flexible 
sigmoidoscopyy or colonoscopy. All studies report complete or partial 
regressionregression of adenomas after 3-6 months of treatment with sulindac 
300-4000 mg a day. However, doses of sulindac 150-200 mg a day 
appearedd ineffective.88,95 A non-randomized controlled study 
showedd the efficacy of rectal administration of sulindac 300 rag a 
dayy against rectal adenomas.97 Also, indomethacin suppositories 
regressedd rectal polyps in a non-controlled series of patients at a dose 
off  100 mg, but not 50 mg a day.89 

Fourr randomized, placebo controlled trials have established that 
sulindacc 300-400 mg a day,40,43-83 and celecoxib 800 mg a day49 

reducereduce the number and size of adenomas in the rectum of FAP 
patients.. Giardiello et al. found a 65% decrease of rectal adenomas 
afterr 6 months of sulindac 300 mg a day. The most conservative 
recalculationn of the semiquantitative measured response reported by 
Labaytee et al. reveals a 78% decrease of adenomas after 4 months of 
sulindacc 400 mg a day. Combining these randomized studies, 
patientss treated with sulindac 300-400 mg a day (n = 21) showed a 
71%% decrease of rectal adenomas after 4-6 months, compared to a 
23%% decrease in 27 patients treated with celecoxib 800 mg a day 
afterr 6 months. When comparing the efficacy of these agents, the 
surgicall  status of FAP patients should be accounted, since patients 
withh subtotal colectomy have greater polyp regression on sulindac 
thann those with an intact (non-operated) colon.84 

Thee potency of sulindac may be related to its metabolism. 
Sulindacc is a pro-drug (sulindac sulfoxide), which is converted into 
sulindacc sulfide, the active COX-inhibitory metabolite, and sulindac 
sulfone.. This conversion occurs in the colon under influence of 
colonicc bacteria,98 possibly resulting in high local concentrations of 
thesee compounds. Furthermore, the "inactive metabolite'' sulindac 

liablee 2 FAP PATIENTS TMATID WITH SUUNDAC FOK 12 MONTHS OH M O M 

Firstt l ru iHi i t 
aalherr M. f .o»t/ioy 

DwttiM M 
•• i t . i / a ig PBII I I IS S OsttOBI I SMii effetts 

CruzCorreoo 93 

Rigau u 

sulindocc 1 « 8 month. 12 
69-2388 mg (mean 63) 

meann 158 mg 
dotee «duetten 

iulindocc 1245 months 
3 0 0 4 0 00 mg (mean 43) 

(child:: 150 mg) 

sulindac c 
2000 mg 

sulindac c 
4000 mg 

12-1244 month. 
(meann 19) 

12466 month. 
[meann 23| 

9 77 sulindac up to 48 months 
50-3000 mg supp (mean 36) 
dosee reduction 

I I I 

++ of polyps at 12 months |p-0.04v» baseline)  potiem» with racial erosion. 
4-- of polyps al 1 4-98 months (p-0.006 vs baseline] 2 patients with dyspepsia 
les.. polypi with high grade dysplasia (p-0.004) 
11 breakthrough carcinoma 

withinn 6-12 month.: polyp, disappeared in 6 pa lien's. no adverse event. 
4-- number of polyps In 5 patient. 
continuouss suppression during long term treatment 

polyp,, disappeared in 3 patients (otter 2 4 4 7 month.) 1 patient dropped out (gastric 
•• of polyp number and size compared lo 6 month, treatment bleeding) 
noo significant decrease of polyp number compared to baseline 
11 breakthrough carcinoma 

4-- number of polyp, in oil patient. 

polypss disappeared in all patient, within 1 year 
longg term remission at doses <100mg «upp. 

22 patient, with mild gastritis 
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Surroundingg rectal mucosa: 2 large fat adenomas. 

rodatt polyp; S S M M dyspiosio. 
lotionn (2x1 J e m ) , 

suUbncc (ettsutind) ha* shown cHemoprevenrive potential in atumal 
studies,*1'*77 although A limited (not stadstkally significant) effect 
againstt adenomas in FAP patents was observed." 

Inn a rtndorowfd plecebo^ontroued trial, FAP patients treated 
withh BfBitdttF were followed during 12 months, monitoring poiyp 
numberr and rise every 3 monrhs.*3 Polyp regression M I moat 
pronouncedd «fier 6 month*. Between 6 and 9 month* of treatment 
»«naüraa**seinmenuinberandstïeofad«iKwna«occunod.ArW W 
danittinuarjonn af treatment) at 9 months, a tapid funher recurrence 
off ifJTfTffT» «a* noted (Fig. 3). Alto, reports about long-term 
adwaustra^ofsdiliidac(Tar>te e 
pfpoh^^ doting corumucMi* treatinent. In one investigation, sulindac 
reducedd the number and «be of polyp* after 6 months, bat not after 
prolongedd treatment (12-124 month*),55 poss&ly became of die 
lefarivee low dose of suanebe (200 mg oer day) administered. Thus, 

2.. surhtdac reriseuw adenomas may develop vmfiu 9 mood» rjeument; 
3.. i^wtnooBi «*«Mi|wwi»*wi trearjnetit is needed-

Whetherr the development of CRC (true endpoint) in FAP 
patientss » delayed or prevented by wlmdar or COX-2 inhibitots is 
nott known. Repent of resistant adenomas83,95 and bteakrnrough 
carcinoma** during tfcatntent with «ulindac (Table 3)*o-W>t0e,i»i 
pointt to important limitation*. Interestingly, distinct mtcroscopk 
andd microscopic features of sulindac resistant adenomas after Eong-
termm treatment have been described, Maooaeopiealh/, diese resistant t 
rectall adenomas appeared reddish, and fiat or onjystit̂ rdy elevated.94^ 
Att microscopy, large suundac resistant poiyp* had an increased 
rhkkneMM of the mucosal lamina propria, and almost afl crypts carried 
dysphoricc epithelium over the full length of the crypts. Smaller 
polyp** showed features of low-grade fist adenoma or depressed 
adenoma.9** Moreover. Oshima et aL reponmt a Bat and regressed 
appearancee of polyps from Ape471* mice which were deficirwt for 
Cox-2,, or which had been treated with a COX-2 HUÜIHW* Taken 
together,, «ulindac may induce a flat growth pattern of adenomas, 
distinctt from die conventional polypoid neoplasm* found in FAR 

Tiee importance of flat lesion* m FAP patients treated wim sulindac 
mayy be reflected by repons of breakthrough rectal stump cateuwaias 
inn FAP patients on id in die <n . 4) as listed in Table 3.M3!.!00.toi 
ThfTff r*X*W1"«*  T*p""*l « tWirtmsrive lesions. One «eta! stump 
carcinomaa appealed as a refartverr small luminal polypoid mas», but 

patients* * 

badd already expanded deeply into die pelvis, with invasion of the 
sacrum.. Taken together, carcinomas reported in pariertts on sulindac 
Moww a predoraJnandy Sat but bfiltntting growth pattern, poten-
tialr/maskingg dieircMsterice.Retogiiiri^ 
tancee during surveillance endoscopy m patients tteued wail suHndacor 
otherr NSAIDs. 

AA recent randomised, double-blind, pbcebo-conaofled study 
addressedd die effect of sulindac on die development of adenoma* in 
youngg FAP patients genotypically affected but phertotyptcauy 
unaffectedd (without adenomas). Sutindac did not prevent die devel
opmentt of adenomas,78 bnporesndy, suppression o/prostaglÉndtris 
inn the normal rectal mucosa of FAP patients on sulindac could 
discruninatee between responde» and non-responders, providing a 
usefull biomarker to monitor tfac effect of treatment in these 

off Other Hereditary Cob» Cancer 
Syndromes.. Patients wim hereditary noa-peh/potiscolorectd cancer 
(HNPCQQ are at high risk to develop CRC and may benefit from 
cnernopreventrvcc treatment. Studies, investigating chenioptcvenaon 
withh NSAIDs in HNPCC are underway1 but are difficult to 
conductt since these patients do not develop numerous adenomas 
whichh can serve as an intermediate endpoint. Whether surrogate 
endpoint»,, such at prostaglandin levels,51'101 ptolifcration, or 
apoprosi*366 will be useful in HNPCC awaits further study Of note, 
animall studies do not support the efficacy of NSAID* or COX-2 
inhibitor** in HNPCC The sdministnuion of rxnxdcam in Mth-2 
deficientt mice showed an unexpected increase of adenomas.t<B 

Otherss found that atobiri and sulindac did not affect intestinal 
tumorr buiden in Ape**" Mshi^ mice,10*10* whereat a specific 
COX-22 inhfbitor only decreased the number of adenomas In rbe 
smalll intestine, without affecting colon adenomas in this mouse 
modd.1055 Abo, HNPCC-ndated MSI-postdw: CRC* express leas 
COX-22 dun MSI-negative CS£^° and -50% of MSI positive 
tumor** have mutations in the BAX gene,10 which are potentially 
involvedd in sulindac resistance.30 

Otherr hexeditacy colon cancer syndromes for which cnemopre-
vendvee treatment might be of importance ate the baraanomatous 
polyposbsyndrornes,, ie., rVwr̂ JeaJieis syndrome and juvenik poly
posiss syndrome. To date, one patient with juvenile polyposis treated 
wimm sulindac has been described; showingg reŝ essicw of 2 pre-existing 
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adenomatouss polyps.87 Whether harruutomarous polyps are sensitive 
forfor treatment with NSAIDs has not been evaluated. Recently, COX-2 
expressionn wai reported in Peuri-Jeghers hamartoma*.1™ Also, we 
foundfound COX-2 expression In Peutz-jeghers syndrome related carci
nomass (unpublished), providing a rationale for further investigation 
off NSAIDs chetnorjrcvcnoon against carcinogenesis in this tyndtome. 

Chemopreventionn of Sporadic Ademomas. Case-control 
( ( g j i g j i w . i o a j m d ^ j i , , ^ ^ , ^ » » - ! ! !! h ^ fhövm that regular use 
off aspirin at a dose of -300 rag a day decreases the adenoma-risk 
30-50%,, and decreases the incidence of CRC. Studies evaluating 
thee effect of NSAIDs and COX-2 inhibitors in patterns with previous 
adenomatouss polyps art ongoing1 and results will direct potential 
chemopreventivee strategies against sporadic CRC. Investigations of 
thee efficacy of NSAIDs against pre-existing sporadic adenomas 
failedd to show a convincing effect. In two studies, including one 
randomizedd placebo-controlled trial, there was no effect of suUndac 
300-4000 mg a day against sporadic adenomas,1 l ï*'' * possibly due to 
difficultiess in the study design.114 Another evaluated the (egression 
off 20 histologically proven sporadic adenomas after 4 months of 
sulindacc 300 mg a day.''5 Nine adenomas (45%) disappeared, and 
44 adenomas (20%) showed > 40% decrease of polyp diameter. Small 
adenomass {< 6mm) were mote likely to respond. After 4 months, 
remainingg polyps were removed. One o f die non-responsive polyps 
containedd a focus of carcinoma, whereas another polyp that appar
entlyy disappeared after treatment with sulindac developed into a 
rectall cardnoma 16 months after discontinuation of therapy."6 

Thiss report illustrates that sulindac can cause incomplete regression 
off adenomas leaving neoplastic cells which can progress to invasive 
carcinoma,, and that medical therapy with NSAIDs can not replace 
polypectomy.. One non-randomized study showed that 8-12 
monthss of treatment with sulindac 300 mg a day decreased the 
presencee of ACF in 4 normal controls, 6 patients with adenoma, 
andd 1 patient with carcinoma.117 Thus, NSAIDs may interfere with 
thee earliest stages of me adenoma-carditormi sequence. 

Sidee Effects. Sulindac is the moist effective and extensively studied 
chemopreventivee drug available. However, COX-2 inhibitors are 
attractivee alternatives since they cause less toxic gastrointestinal side 
effects."" B H U M fat, most FAP patients have been treated with sulindac; 
reportedd side effects are listed in Tables I and 2. The extent and 
degreee of side effects appears limited. However, two repons are of 
particularr concern. Serious side effects were noted in 5 out of 6 
Japanesee FAP patients treated with sulindac9* and long-term use of 
sulindacc orally caused rectal erosions in 6 out of 12 FAP patients.93 

Previously,, ileal erosions and pouchitis were also attributed to 
sulindacc This toxicity compelled dose reduction, which may 
impairr the chemopreventive efficacy. The clinical implications of 
thesee lesions «wait further study. 

USS0NSS FROM AHUUl KUDOS 
Investigationss using carcinogen treated rats and mouse models 

forfor FAP (Ape**" mice, Ape163"* mice, Apc*7]S mice) have demon
stratedd the chemopreventive potential of many different NSAIDs. 
Thesee include sulindac, indomcthacjn, piroxicam, aspirin, and 
ibuprofen,, and the selective COX-2 inhibitors ceiecoxib, rofecoxib, 
nabumetonee and m e b x i e a m " - * ^ ^ » ' » , * . * * ^ . 120-122 A j ^ 

dependentt effect of NSAIDs and COX-2 inhibitors exists against both 
thee initiation and promotion of the adenoma-carcinoma sequence, 
andd pre-existing tumors. Of note, there are regional differences in 

sensitivhyy for erMraoptevcnrive treatment. In the Ape*1*" mouse, the 
chemopreventivee effect of piroxicam and ceiecoxib appeared most 
pronouncedd in the distal pans of the small intestine.4* The effect of 
piroxicamm in AOM treated rats appeared mote prominent in the 
proximall compared to the distal colon.112 The latter observation 
correspondss to the findings of GuMenschuh et al., who reported a 
85%% decrease of adenomas in the proximal compared to a £2% 
decreasee in the distal colon of sulindac-created FAP patients with an 
intactt colon.41 Abo, the response to sulindac was greater in FAP-
parientss after colectomy with IRA M These differences may reflect 
thee exposure of the mucosa to carcinogenic agents and/or bile-salts, 
orr the site where sulindac is conversed into active metabolites. 

Animall models can be used to compare the themoprevtmive 
potentiall of combinatorial regimen*. The combination of agents 
withh different mechanisms of action and nonoverlapping tmdeuies 
couldd enhance the chernoptevenrive efficacy and also allow dose 
reductions,, decreasing toxicity. Piroxicam and the ODC inhibitor 
difluormethylornithinee (DFMO) were more effective together than 
eitherr agent alone and resulted in a significant number of mice with 
aa complete response (no polyps).'w Also, sulindac with an EGFR-
kinasee inhibitor almost completely prevented the formation of polyps 
andd permitted a 75% reduction in the dose of sulindac, potentially 
abolishingg the toxicity of long term NSAID use. IM The development 
off cfterrtöprevendve combination therapy is an important area for 
furtherr research. 

CONCLUSIONSS AND FUTURE FOSffCTIVES 
Thee effect of sulindac and ceiecoxib against colorectal adenomas 

iss incomplete and data showing chemoprevention of colorectal 
carcinomaa in FAP are not available. The FDA has approved odecoxm 
8000 mg a day as a treatment option for chemoprevention in FAP, 
usuallyy in patients with retained rectum. In view of the limited effect 
ofcdbcoxib,, treatment with sulindac 300 mg a day could be considered 
forfor patients widl an Insufficient response to ceiecoxib. Currently, 
theree is no medical treatment for primary chemoprevention of FAP. 
Chemopreventionn of HNPCC and other hereditary colon cancer 
syndromess should be restricted to experimental settings. Results 
fromm ongoing trials will resolve whether NSAIDs or COX-2 
inhibitorss are useful for enemopevention against sporadic adenoma 
andd CRC development. The clinical application of crteinopreveritive 
agentss requires Ac development of surrogate csuJpcJm btc-niarkert to 
monitorr the effect of treatment, Identification and evaluation of 
biomarkerss is therefore an important area o f further research, 

Furtherr progress depends on increased understanding of the 
mechanismss uruferfymg chemoprevention. Although the rok of 
COX-22 is established, inhibition of this enzyme cannot explain all 
observedd effects. Further insights in the involved pathways will 
enablee m o » specific targeting of key molecules, and define the 
limitationss of NSAIDs-baaed thernoprevenoon, providing a rationale 
forfor selecting patients likely to respond. Understanding of the molecular 
basiss of carcinogenesis will lead the future development of chemo
preventivee regimens. Presumably, more than one pathway needs to 
bee targeted to achieve adequate results. Combination therapy 
appearss attractive, potentially increasing efficacy and decreasing 
toxicity.. Finally, the identification of novel agents and tlw modifica
tionn of existing chemopreventive drugs'**'1™ is likely to contribute 
too future chemopreventive strategies against the development of 
colorectall carcinoma. 
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Abstract t 
Background—Background—SulindacSulindac regresses colorec
tall adenomas in patients with familial 
adenomatouss polyposis (FAP), although 
thee mechanism of polyp regression is 
unclear. . 
AimsAims—To—To determine whether differences 
occurr in alteration of rectal epithelial 
apoptoticc index and expression of apopto
siss related proteins in FAP patients 
treatedd with sulindac compared with 
placebo. . 
PatientsPatients—-Twenty—-Twenty one FAP patients; 12 
hadd not undergone colectomy. 
AfefAod»—Patientss with FAP were treated 
withh sulindac 150 mg orally twice a day for 
threee months (n=10) or placebo (n=ll). 
Colorectall polyp number was determined 
andd biopsies of the normal rectal mucosa 
weree performed before and after three 
monthss of treatment. Response to treat
mentt and alteration of the apoptotic ratio 
(indexx In base of crypt divided by index in 
surfacee epithelium) were evaluated. Bel-2, 
bax,, p21/WAF-l, and p53 proteins were 
assessedd sctniquantitatively by Immnno-
histochemistry. . 
J?e*»fcs—Significantt decreases in polyp 
numberr and in the apoptotic ratio were 
seenn in patients treated with sulindac 
comparedd with controls. The mean per
centagee change in polyp number from 
baselinee was —46% in the sulindac group 
andd +13% in the placebo group (p-O.OOS). 
Meann percentage change hi the apoptotic 
ratioo was -8% and +25% in the sulindac 
andd placebo treated patients, respectively 
(p=0.004).. No differences In expression or 
compartmentaJJsationn of apoptosis re
latedd proteins were noted between treat
mentt groups. 
Concfu«bn»--Sulindacc regression of 
colorectall adenomas is accompanied by 
alterationn of the rectal epithelial apoptotic 
ratioo with relative increase in apoptosis in 
surfacee cells compared with the deeper 
crypt.. The utility of the apoptotic ratio as 
ann intermediate biotnarker for colorectal 
tumorigenesiss deserves further study. 
(Gui(Gui 1999;45:822-828) 

Keywords:: apoptosis; familial adenomatous polyposis; 
sulindac;; intermediate biomarker; tumorigenesis 

Multiplee lines of investigation support the con-
ceptt that non-steroidal anti-inflammatory 

drugss CHSAJDs) such as aspirin can prevent 
colorectall  cancer.' Specifically, NSAIDs inhibit 
celll  growth in cell culture,1"' decrease the mul-
tiplicityy and incidence of colon tumours in car-
cinogenn induced murine models," and de-
creasee the relative risk of incidence and 
mortalityy of colorectal cancer in human epide-
miologicall  studies.10 Il In addition, investiga-
torss have shown that the NSAID sulindac can 
inducee regression of adenomas in patients with 
familiall  adenomatous polyposis (FAP), an 
autosomall  dominant disorder characterised by 
thee formation of hundreds of colorectal adeno-
mass and the subsequent development of colo-
rectall  cancer;11"1' 

Thee mechanism of action of NSAIDs in 
chemoprevemionn of colorectal cancer is un-
known.. Colorectal epithelial homoeostasis nor-
mallyy results from a balance between the rate of 
celll  proliferation and the rate of cell loss from 
apoptosis.. Proliferating cells are restricted TO 
thee lower third of the crypt,17 whereas apopto-
siss occurs principally at the luminal surface of 
thee epithelium. i*~v> Several investigators have 
shownn that transformation of colorectal epithe-
liumm to adenoma and then carcinoma is associ-
atedd with progressive inhibition of apoptosis11 

andd changes in the compartmentalisation of 
proliferationn and apoptosis.™ " Also, proteins 
suchh as p21/WAP-l,bcI-2,bax, and p53 which 
aree known to be associated with cell cycle 
regulationregulation and apoptosis, have distinctive 
colorectall  epithelial expression and 
compartmentalisation13** ;; alterations in these 
markerss have been noted in colorectal 
carcinogenesis.1*" 177 In familial adenomatous 
polyposis,, alterations in proliferation and 
apoptosiss are present in the grossly normal 
appearingg flat colorectal mucosa,17 m u and 
consequentlyy this syndrome serves as a model 
too study early changes in the adenoma-
carcinomaa sequence. 

Previouss studies on die effects of sulindac on 
colonicc epithelial proliferation in patients with 
FAPP have shown that sulindac does not affect 
colorectall  epithelial proliferation,14 M although 
onee investigation has reported a decrease.1*  On 
thee other hand, adenoma regression by sulin-
dacc seems to be associated with increased 
apoptosiss in FAP patients" and in the MIK 
mousee model of FAR11 Furthermore, sulindac 
inducess apoptosis in cell culture models,32 

Abbreviationss used In this patter: Al, apoptotic 
index;; Alt , apoptotic ratio; FAP, fomittpl adenomatous 
polyposis;; NSAID, non-steroidal anti-inflammatory 
drug. . 
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Therefore,, we investigated the effects on apop-
tosiss in individual crypt compartments of 
grosslyy normal appearing flat rectal epithelium 
off  FAP patients treated with sulindac com-
paredd with placebo. The expression and 
compartmentalisationn of apoptosis related pro-
teinn expression were also analysed in these two 
patientt groups. 

Methods s 
SUBJECTS S 
Patientss with FAP were enrolled in a ran-
domised,, double bUnd, placebo controlled trial 
too determine the effect of sulindac on colorec-
tall  adenomas, as reported previously.'1 Twenty 
onee patients from the larger initial study popu-
lationn (12 who had not undergone colectomy) 
withh adequate colorectal mucosal samples at 
timee 0 and three months were analysed in this 
study.. Informed consent was obtained from all 
patients,, and the protocol was approved by The 
Johnss Hopkins University Joint Committee on 
Clinicall  Investigation (institutional review 
board).. Ten patients (three men, seven women; 
meann age 26.5 £SD 10.1) years, range 13-45) 
receivedd 150 mg sulindac by mouth twice a day 
forfor three months. Eleven patients (six men, Eve 
women;; mean age 22.7 (8.7) years, range 
16-51)) took identical placebo tablets for three 
months.. Compliance with medication was 
assessedd by pill count and was universally 
greaterr than 85%. At time 0 and 3 months, 
rectall  polyp number was assessed by flexible 
sigmoidoscopyy using an Olympus flexible video 
sigmoidoscope.. At tune 0 the colorectal 
mucosaa was tattooed with sterile India ink 
aboutt 20 cm from the anal verge. The 
endoscopistt counted total polyp number in the 
entiree circumference of colorectum from the 
tattooo mark to anal verge and recorded the 
examinationn on videotape. There were no 
significantt differences in the demographic and 
clinicall  characteristics between treatment 
groups. . 

Alll  patients were prepared for each endo-
scopicc procedure with a clear liquid diet and 
orall  cathartic solution. Enemas which could 
influencee mucosal biochemistry were not 
given.. In each patient, during flexible sig-
moidoscopy,, six rectal mucosal biopsy speci-
menss were taken from flat mucosa 10-12 cm 
fromfrom the anal verge to minimise potential 
differencess which might occur from specimens 
takenn at different colorectal sites. Rectal 
mucosall  specimens were snap frozen in liquid 
nitrogenn or placed in formalin or methanol, 
andd embedded in paraffin wax for histopatho-
logicall  examination. 

DETECTIONN OF APOPTOSIS 
Apoptoticc cell death was assessed by light 
microscopyy in a blinded fashion, with examina-
tiönn of coded haematóxylin and eostn stained 
slidess from biopsy specimens of the grossly 
normall  colorectal mucosa by two observers 
(GJAO,, JJK) as utilised previously."" " M 

Representativee areas of the sections were 
selectedd at low power and then studied at 40x 
magnification.. Cells were recognised as apop-
toticc bodies according to strict morphological 

criteria:: eeQ shrinkage with retracted pink to 
orangee cytoplasm, chromatin condensation 
andd nuclear fragmentation, and separation of 
cellss by a halo from adjacent enterocytes^** 
(figg 1A). Only isolated apoptotic bodies were 
counted;; inflammatory reaction was absent. 
Intraepitheliall  lymphocytes were easily dis-
tinguishedd by their morphology and larger size. 
Whenn a distinction could not be made between 
aa lymphocyte and an apoptotic body, it was not 
counted. . 

Apoptoticc index (AT) at the base of the crypt 
wass assessed from the lowermost cell up to 20 
celll  positions along each side of the crypt 
("proliferativee compartment"). The number of 
apoptoticc cells was counted and divided by the 
totall  number of epithelial cells in the prolifera-
tivee compartment. The AI was determined for 
alll  longitudinal crypt sections in which the 
lumenn óf the crypt was completely visible. Only 
cryptss in which extension of the crypt to the 
underlyingg muscularis mucosae was visible 
weree included, ensuring only cells in the prolif-
erativee compartment of the crypt were 
counted.. Crypts near a lymphoid aggregate, an 
inflammatoryy infiltrate, or nearby adenoma-
touss epithelium were excluded. 

Apoptoticc index of surface epithelium was 
quantifiedd by counting apoptotic celts at the 
luminall  surface of the epithelium between 
cryptss and dividing by thé total number of epi-
theliall  cells at the luminal surface. The AI was 
determinedd for all luminal surfaces that 
consistedd of one cell layer in the studied slide. 
Luminall  surface covering a lymphoid aggre-
gate,, an inflammatory infiltrate, or nearby 
adenomatouss epithelium was excluded. 

Thee effect of sulindac on compartmentaUsa-
tionn of apoptosis was evaluated by analysing 
thee apoptotic ratio (AI of crypt base divided by 
AII  of surface). 

LMMUNOfflSTOCHEMISTRYY FOR APOPTOTIC 
RELATEDD PROTEINS 
Immunohistochemistryy for p2I/WAF-I, bcI-2, 
bax,, and p53 protein expression and compart-
mentalisationn was performed on the same for-
malinn fixed paraffin wax embedded specimens 
off  grossly normal colorectal mucosa as used for 
apoptoticc counting. Immunohistochemistry 
wass performed as described previously"" 
usingg citrate buffer for antigen enhancement 
andd with final detection through standard 
avidin-biotinn staining methods. The mono-
clonall  antibodies DO? (Dakopatts, Giostrup, 
Denmark)) at & dilution of 1/200, Ab-1 (Onco-
genee Science, Cambridge, Massachusetts) at a 
dilutionn of 1/25, and Oncoprotein 124 (Dako-
patts,, Giostrup, Denmark) at a dilution of 1/50 
weree used for the detection of mutated p53, 
expressionn of p21/WAFl, and expression of 
bcl-2,, respectively. Biottnylated rabbit anti-
mousee (Dakopatts, Giostrup, Denmark) was 
usedd as secondary antibody. The protein bax 
wass detected using the polyclonal rabbit IgG 
p l °° (Santa Cruz Biotechnology Inc.) at a dilu-
tionn of 1/100 and with a biotinylated swine 
antirabbitt (Dakopatts, Giostrup, Denmark) as 
secondaryy antibody. Primary antibodies were 
replacedd with phosphate buffered saline (PBS) 
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mm negative control slides. Positive controls used 
weree normal colon (p21/WAF-l), lymphoid 
infiltratess in the studied colorectal biopsy 
specimenss (bcl-2), Paneth cells in small 
intestinee (bax), and a known p53 positive 
colorectall  carcinoma. 

p21/WAF-l,, bcl-2, bax, and p533 were evalu-
atedd in colorectal mucosa as described 
elsewhere.:)) 2i Coded slides were scored by two 
observerss (GJAO, JJK) in a blinded fashion 

FigureFigure I (A) Apopiolic cell with chromatin condensation, st 
apopwticapopwtic body, cytoplasmic stalling. (B) WAF-Hp21 express. 

usingg light microscopy at 25x magnification. 
p21/WAF-l,, bcl-2, bax, and p53 expression in 
thee surface epithelium and in the proliferative 
compartmentt at the base of the crypts were 
gradedd semiquantitatively using a scale from 1 
(noo expression) to 4 (intense staining). 

STATISTICALL ANALYSIS 
Thee major statistical endpoint evaluated in this 
studyy was the effect of sulindac treatment on 

irationiration o/tlie cell from adjacent entcrocytes,/ormation of 
i.i. (C) bcl-2 expression. (D) bax expression. 
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TableTable I Mean 

Alll  patients 
Intactt colon 
Retainedd rectum 

percentage percentage changeschanges in apopwlic ratios 

Sulindac Sulindac 

No No 

10 0 
5 5 
5 5 

Mean Mean 
%% change 

-8 8 
-16 6 
-0.3 3 

SD SD 

22 2 
13 3 
28 8 

byby treatment group 

llaccbo llaccbo 

No No 

11 1 
7 7 
4 4 

Mean Mean 
%% change 

+25 5 
+31 1 
++ 15 

.SD D 

16 6 
13 3 
18 8 

apoptosis.. Apoptotic bodies in crypts in the 
proliferativee compartment and within cells of 
thee surface epithelium were studied. Data were 
collectedd for each patient at baseline and three 
monthss after receiving either sulindac or 
placeboo treatment. Apoptotic indexes (number 
off  apoptotic bodies divided by the total 
numberr of counted cells) were calculated for 
basee of crypts and for surface epithelium. The 
apoptoticc ratio (AR) was the ratio of these two 
numbers. . 

Statisticall  comparisons of changes in polyp 
number,, apoptotic ratio, and protein expres-
sionn were done using the non-parametric Wil-
coxonn rank sum test. To evaluate interaction 
effectss (whether the sulindac effect differed in 
subjectss with intact colons or rectal stumps), 
changess in these measures were treated as con-
tinuoustinuous variables in standard regression 
models.ww Because some of the pretreatment 
apoptoticc ratios were zero, regression model-
lingg of the relative AR change required a trans-
formationn of the apoptotic ratio, adding 1 to 
bothh the pretreatment and post-treatment 
ratios:: [(post-treatment AR + 1) - (pretreat-
mentt AR + l)]/(pretreatment AR + 1). All 
statisticall  computations were performed using 
thee SAS (Statistical Analysis System)," and all 
pp values reported are two sided. 

Results s 
CLINICALL EFFECT OF SULINDAC 
Thee mean percentage change in polyp number 
fromm baseline was significantly decreased in the 
sulindacc group (—46%) compared with the 
placeboo group (+13%; p=0.005); change in 
polypp number (SD) was —11.5 (16.5), range 
-588 to 9 in the sulindac group, and 0.09 
(16.6),, range -33.0 to 29.0 in the placebo 
group.. Sample size was too small to make reli-
ablee conclusions concerning differences in 
effectt of sulindac on patients with intact colons 
comparedd with those with retained rectums. 

APOPTOSIS S 
Thee mean number of crypts counted in each 
patientt was 12.7 (range 4-32). The total 
numberr of cells counted in the sulindac group 
wass 14 283 pretreatment and 12 010 post-
treatment.. In the placebo group, 13 438 and 
122 539 were counted, respectively. 

AA significant decrease in AR (AI base^AI 
surface)) was noted in the sulindac group 
followingg treatment at three months (table 1, 
figfig  2). The mean percentage change in AR was 
-8%% in the sulindac group and +25% in the 
patientss on placebo (p=0.004); change in 
apoptoticc ratio was -0.13 (0.29), range -0.58 
too 0.48 in the sulindac group, and 0.29 (0.19), 
rangee -0.02 to 0.61 in the placebo group. In 

-60 0 
Placebo o Sulindac c 

FigureFigure 2 Decrease in apoptotic ratio with relatively 
greatergreater apoptosis at the luminal surface compared with the 
basebase of the crypt seen in patients treated with sulindac 
comparedcompared with controls. Biopsy specimens were taken from 
thethe flat, normal appearing colorectal mucosa. Arrow 
indicatesindicates the patient who developed rectal cancer while on 
treatmenttreatment with sulindac. 

- 3 5 %% _ 

+67%% • 
-29%» » -- • . ... "-14% 

 Sulindac 
 Placebo 

 -20% 

»ioo%%

-1 1 

+1 1 

+4 4 

.-75% % 
##  -100% 
-43%% ^ 2 1 % 
 -85% 

Changee AI surface 

FigureFigure 3 Change in apoptotic index at surface (x axis) 
plottedplotted against change in apoptotic index at crypt (y axis) 
perper patient treated with sulindac or placebo. Each 
observationobservation is labelled with the change in polyp number. 
ArrowArrow indicates the patient who developed rectal cancer 
whilewhile on treatment wish sulindac. 

thee sulindac treated patients, change in AR was 
duee to an increase of apoptosis at the surface 
andd a decrease in the lower part of the crypt 
(figg 3). 

APOPTOSISS RELATED PROTEIN EXPRESSION 
Tablee 2 and fig 1 summarise p21/WAFl, bcl-2, 
bax,, and p53 protein expression in FAP 
patientss in the sulindac and placebo groups 
pretreatmentt and post-treatment. p21/WAFl 
wass expressed in the nuclei at the luminal sur
facee and the upper third of the crypts (fig IB). 
Noo expression in the proliferative compart
mentt was noted. Cytoplasmic bcl-2 staining 
wass confined to cells in the crypt base (fig 1C). 
Onlyy sporadic, faint staining of the surface epi
theliumm occurred. Cytoplasmic bax staining 
wass strongest at the luminal surface as 

37 7 



ChapterChapter 3 

TabicTabic 2 Median (range) protein expression and localisation in patients treated with 
ndindacndindac andpiactèo 

bcl-2 2 

bax x 

p2I I 

p53 3 

Base e 
Surface e 
BBM M 
Surface e 
Bast t 
Surface e 
Base e 
Surface e 

Sutindttc Sutindttc 

Btfon Btfon 

33 [2-3) 
11 (1-2) 
2(2) ) 
3(3^0 0 
I d ) ) 
3.33 (2-4) 
11 (1) 
HO O 

After After 

33 (2-3) 
II (1-2) 
22 (1-2) 
3(2-4) ) 
1(1) ) 
3(3-4) ) 
KD D 
KD D 

Haeefto o 

Befen Befen 

2.55 (2-3) 
l.SS (1-2) 
1-5(1-2) ) 
2-55 (2-3) 
1(1) ) 
3(3-4) ) 
KD D 
KD D 

After After 

2.55 (2-3) 
I d ) ) 
155 (1-2) 
2.55 (2-3) 
KD D 
3(3-4) ) 
1(1) ) 
KD D 

p211 was only opicued in the upper third of tbc crypt And U the luminal tarfact; no p53 captct-
tionn was seen. No statistical difference* went noted bjy Wttcnson paired tank mm ten. 

comparedd with the base of the crypts (fig 1C). 
Theree were no differences in expression of 
WAF-lVp21,, bcl-2, or bax before or after treat-
mentt with sulindac. The p53 gene productwas 
nott over expressed in norma] colorectal mu-
cosaa of any patient before or after treatment 
withh sulindac. 

Discussion n 
Resultss of numerous investigations have con-
cludedd that NSAIDs are chemoprotective 
agentss against colorectal tumorigenesis.' The 
mechanismm of chemoprevention of NSAIDs 
remainss unclear, but emerging evidence 
suggestss an effect of these drugs on apoptotic 
pathwayss in colorectal epithelial cell kinetics. 
Previously,, we reported that sulindac produced 
colorectall  adenoma regression in patients with 
familiall  adenomatous polyposis and affected 
epitheliall  cell apoptosis but not proliferation hi 
theirr colorectal mucosa.*' The tack of effect of 
sulindacc on colorectal cell proliferation in FAP 
patientss has also been noted by others.™ In 
addition,, both animal and cell culture experi-
mentss have confirmed the chemopreventive 
propertyy of sulindac and the ability of this 
agentt to induce apoptosis." WJ|S 

Inn normal colorectal mucosa, proliferation 
andd apoptosis occur in well defined zones. Pro-
liferatingg cells are restricted to the lower two 
thirdss of the crypt,17 whereas apoptosis occurs 
principallyy at the luminal surface between 
crypts.'^MM Importantly, in FAP patients altera-
tionss in cell kinetics in normal appearing flat 
colorectall  mucosa are noted with upward shift 
off  the proliferative compartment and de-
creasedd surface apoptosis,17 a the earliest 
changess noted in adenoma formation. There-
fore,, in the present study, the compartmentali-
sationn of apoptosis was evaluated in patients 
withh familial adenomatous polyposis before 
andd after treatment with sulindac in compari-
sonn to placebo. In patients who had sulindac 
inducedd regression of colorectal adenomas, 
alterationn of the colorectal mucosal apoptotic 
ratioo with relative increase in apoptosis in sur-
facee epithelium compared with crypt base was 
noted.. This shift towards apoptosis in the sur-
facee epithelium is consistent with normal 
epitheliall  cell kinetics and discordant with the 
patternn noted in the adenoma-carcinoma 
sequencee in which apoptosis js reduced at the 
surfacee epithelium of adenomas and occurs 
moree frequently at the base of thé adenoma-
toustous crypt" " 

Thee findings in the present study are 
consistentt with the observations of Mahmoud 
etet at in the MIN mouse model of familial 
adenomatouss polyposis." Histologically nor-
mall  MIN intestinal epithelium exhibits el-
evatedd B catenin expression associated with 
aberrantt proliferation and apoptosis and a 
decreasedd rate of enterocyte crypt-viUus migra-
tion.. Tumour preventing doses of sulindac sul-
phidee normalised enterocyte proliferation and 
apoptosiss and restored a normal enterocyte 
migrationn pattern. The reason for the lack of 
normalisationn of proliferation in some human 
studiess remains unclear. 

Inn normal colonic crypts, epithelial cell 
growthh and function depend on a finely tuned 
homoeostasiss of cell proliferation, migration] 
differentiation,, and apoptosis. The APC pro-
teinn seems to play a crucial role in this process 
throughh interaction with B catenin. APC 
controlss B catenin by binding and phosphory-
lation,, resulting in breakdown of the B catenin 
protein.*66 B catenin is a component of the 
adherenss junction, a cadherin associated trans-
membranee complex mediating cell adhesion 
andd a possible pathway through which the APC 
proteinn modulates cell migration.*1 Moreover, 
BB catenin binds to the DNA binding proteins 
Tcff  and Lef which alter expression of genes 
regulatingg cell proliferation and apoptosis, and 
AFCC inhibits B catenin/Tcf mediated 
transcription.4'' •ao Also, when only one allele is 
lostt through germline mutation, thé above 
functionss of APC seem to be compromised 
already,, bom in humans and in MIN mice." 
Althoughh the precise mechanism is unknown, 
Thee functions of the APC protein appear 
restoredd by sulindac sulphide.51 Induction of 
apoptosiss correlates with cyclooxygenase 2 
inhibitionn by sulindac, with subsequent in
creasee in lipid compounds including ceramide 
whichh induces apoptosis." 

Thee apoptotic ratio in the colorectal mucosa 
provedd useful in distinguishing patients on and 
offf sulindac treatment. Of particular interest is 
aa 24 year old woman treated with sulindac who 
developedd colorectal cancer with concomitant 
completee regression of adenomas. Similar to 
otherr patients with adenoma resolution, bio-
markerss including mucosal prostaglandin con
centrationss dropped dramatically with sulindac 
therapy.00 But in contrast, the apoptotic ratio in 
thiss patient's colorectal mucosa revealed no 
changee from presulihdac treatment, a finding 
strikinglyy different from the others with 
adenomaa regression (fig 2). Consequently, the 
valuee of the apoptotic ratio as an intermediate 
biomarkerr deserves further investigation. 

Thee present study failed to find that the 
changess in the apoptotic ratio were accompa
niedd by differences in expression or compart-
mentaUsationn of WAF- l/p21, bcl-2, bax, or p53 
proteinss between sulindac and placebo treat
mentt groups. Similarly, other investigators uti
lisingg in vitro models have reported mat sulin
dacc induced apoptosis is independent of bcl-2 
expressionn and the integrity of the p53 tumour 
suppressorr pathway." M M '* However, Gold
bergg et al found increased levels of p21 and 
reducedd levels of mutant p53 in the HT29 
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colonn cancer cell Hoe after exposure to 
sulindac.. Yet, these effects appeared to occui 
independentt of die ability of sulindac to induce 
apoptosiss and were not associated with cell 
differentiation.***  A recent study showed influ-
encee of low dose sulindac on expression of the 
p533 tumour suppressor gene and bct-2, but 
thesee investigators utilised different 
methodology.""  Although no differences in 
expressionn or compartmentalisation of specific 
genee expression was noted in our study, smaller 
differencess may have been missed by the 
immunohistocheraicall  methodology utilised, 
thee small number of patients studied] or the 
smalll  number of categories evaluated. 

Inn summary, this study provides evidence in 
humanss that sulindac interferes with die regu-
lationn of rectal epithelial cell kinetics by 
alteringg the apoptotic ratio in the rectal epithe-
lium.. Additionally, the apoptotic ratio may be a 
usefull  intermediate biomarker in the study of 
colorectall  tumorigenesis. 
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Rectall  Epithelial Apoptosis Does Not Predict Response to Sulindac 
Treatmentt or Polyp Development in Presymptomatic Familial 

Adenomatouss Polyposis Patients1 

Josbertt J. Keller,1 G. Johan A. Offerbaos, 
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Departmentt of Pathology, Academic Medical Center, 1105 AZ Amsterdam, 
Thee Netherlands [J. J. K.. G, J. A. 0.1, sad Department of Medicine. Johns 
Hopkinss Medical Institutions. Baltimore. Maryland 21205 IL M. R . F. M. G.] 

Introduction n 
Inn normal colorectal epithelium, apoptosis occurs at the surface 
andd proliferation is restricted to the lower base of the crypt. 
Inversionn of this compartrnentalization is an early event during 
thee adenoma-carcinoma sequence (1). 

FAP33 patients develop hundreds of adenomas and even-
tuallyy colorectal carcinoma. The normal appearing colorectal 
mucosaa of FAP patients is marked by altered cell kinetics with 
disturbancee of the localization of proliferation and apoptosis (2, 
3).. Sulindac causes regression of adenomass in FAP patients (4), 
presumablyy through induction of apoptosis. We reported pre-
viouslyy that sulindac decreases the ratio between apoptosis at 
thee crypt base and at the surface apoptotic ratio (AR) in the 
normall  rectal mucosa of FAP patients with adenoma regression 
onn sulindac (5). One patient without reversal of the AR devel-
opedd a "breakthrough carcinoma" during sulindac therapy, sug-
gestingg a potential role for this parameter as biomarker (5). 

Thee hypothesis tested in the present study was that the 
changee in AR is useful as an intermediate biomarker for re-
sponsee to sulindac treatment and adenoma development in 
presymptomaticc FAP patients enrolled in a primary chemopre-
ventionn trial (6). 

Materialss and Methods 
Inn a randomized trial, 41 FAP patients (confirmed by APC-
mutationall  analysis) without colorectal adenomas were treated 
withh sulindac 75-150 mg twice a day (« = 21) or placebo (n = 
20;; Ref. 6). The average age at enrollment was 14,3 years. 
Informedd consent was obtained in accordance with the Johns 
Hopkinss University Internal Review Board. At baseline and 
everyy 4 months, patients underwent sigmoidoscopy, and biop-
siess were taken. Representative rectal biopsies from normal 
mucosa,, taken at baseline, and after 4 months and 2 years of 
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treatmentt were available from 32 patients. In the sulindac 
group,, 4 of 15 and 6 of 15 patients developed adenomas at 
44 months and 2 years of treatment, respectively. In the placebo 
group,, 7 of 17 and 8 of 16 patiënte developed adenomas at 
44 months and 2 years of treatment, respectively. 

Apoptosiss was assessed by one observer (J. J. K.) in a 
blindedd fashion, counting apoptotk bodies in H&E sections, as 
describedd previously (5). The AI at the surface epithelium 
(AI.urf.cc)) ^ d a' ibe cryp*  base (AJ^^,; from the lowermost 
celll  up to 20 cell positions along each side of the crypt) were 
assessedd by dividing the number of apoptotic bodies by the 
numberr of cells. The AI avend) was calculated by adding the 
numberr of apoptotic bodies in both compartments, and dividing 
byy die total number of cells. The AR was calculated as the 
Al^y ^^ divided by the A U , . The change in AI<llrfl¥;e, A ) ^ , 
AloJen,),,, and AR was expressed as [(post-treatment score 
++ 1) - (pretreatmeni score +1)]/(pretreatment score +1). 
Comparisonss between groups were made using the Mann-
Whitneyy test. The effect of treatment was evaluated using the 
Wilcoxonn lest AH Ps were two-sided, A P < 0,05 was con-
sideredd statistically significant. The sample size of the clinical 
studyy was calculated (two-sided; 0.05 «; and 80% power) to 
detectt a difference of one SD in the number of polyps between 
treatmentt groups. 

Results s 
Inn 88 biopsy samples of normal rectal mucosa, a total of 75,231 
surfacee cells (mean, 854.9; SD, 367.0), 1,133 apoptotic bodies 
att the surface (mean, 12.9; SD, 8.0). 52,804 crypt ceOs (mean, 
600.1;; SD, 230.9), and 327 apoptotic bodies at the crypt (mean, 
3.7;; SD, 2.4) were counted. At baseline, the AR, A I ^ . ^ , , 
AI^p, ,, and AI ovcni,1 were not statistically significantly different 
betweenn sulindac and placebo groups. At 4 months and 2 years 
off  study, changes in these parameters were not significantly 
differentt between treatment groups. Also, at 4 months and 2 
yearss of evaluation, there were no statistically significant dif-
ferencess in the AR, A L ^ ^ , A I C W , and AI^^,, , between 
patientss who developed colorectal adenomas and those who 
remainedd adenoma-free. 

Discussion n 
Previously,, we reported a relative increase in apoptosis at the 
surfacee compared with the crypt base (decreased AR. defined 
as:: A ^ ^ A I ^ . ^ in the norma) recta! epithelium of FAP 
patientss treated with sulindac (5). We hypothesized that alter-
ationss in the AR could serve as an intermediate biomarker to 
monitorr sulindac treatment. However, the present investigation 
revealedd no change in the AR in recta) epithelium of presymp-
tomaticc FAP patients on sulindac. Furthermore, apoptotic pa-
rameterss failed to predict polyp development in either of the 
treatmentt arms. 
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SulindacSulindac and rectal apoptosis (2) 

Fig.Fig. I. Percentage change in AR 
(=AI_,p/AI>OT(llc„ )) in rectal epithe-
liumm of FAP patients afterr 4 months 
andd after 2 years treatment with su-
lindacc or placebo. The changes in 
ARR of patients who developed ade-
nomass are marked as D; the changes 
inn AR of patients who did not de-
velopp adenomas are marked as x. 
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Thee discrepancy between our previous study and the current 
investigationn may be related to differences in study populations. In 
thee former study, older FAP patients who had already developed 
adenomass were treated with sulindac, resulting in adenoma regres-
sionn (4. 5). This investigation evaluated young, phenotypically 
negativee FAP patients. The intestinal mucosa of FAP patients with 
adenomass harbors many macroscopically invisible dysplastic foci 
andd may be considered transitional mucosa in which cell kinetics 
appearr disturbed (2. 3). Our findings suggest that sulindac affects 
apoptosiss in this type of epithelium and not in the mucosa of FAP 
patientss without adenomas. However, neither macroscopic nor 
microscopicc differences were appreciated between normal appear-
ingg mucosa of symptomatic and asymptomatic FAP patients. 

Thee small sample size in this investigation may be con-
sideredd a limitation. However, in contrast with our previous 
study,, which evaluated fewer patients, the current investigation 
evenn failed to reveal a trend toward significance. Furthermore, 
usingg the above methodology, the observed heterogeneity in the 
"apoptoticc response" (Fig. 1) precludes the use of apoptosis as 
aa biomarker to monitor sulindac treatment or to predict ade-
nomaa development in presymptomatic FAP patients. 
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ABSTRACT T 
Purpose:Purpose: Sulindac causes the reduction of adenomas in 

familiall adenomatous polyposis (FAP) patients, bot com
pletee regression is unusual, and breakthrough of colorectal 
carcinomaa during sulindac treatment has been described. 
Hiee molecular features related to sullndac resistance are 
unknown.. Therefore, we investigated molecular alterations 
inn adenomas from FAP patients with complete adenoma 
regressionn on stiHndac (responsive patients) and from FAP 
patientss with suSndac-resistant adenomas (resistant pa
tients). . 

Design;Design; Fourteen baseline adenomas (removed before 
Bulindacc treatment) from six responsive patients were stud
ied.. Also, 9 baseHne adenomas and 34 resistant adenomas 
(removedd during sufindac treatment) from three resistant 
patientss were analyzed. Using mimunwlri^tocbeinistry, we 
evaluatedd me expression of B-catenin, cydooxygenase-2 
(Cox-2),, p53, Bd-2, and Bax. K-ras cedon 12 mutations, loss 
off heterozygosity at 5q (APC loens), and mkrosateUlte in
stabilityy were studied with PCR-based techniques. 

ResuUs:ResuUs: There were no significant differences between 
baselinee adenomas from sidrndac-responstve and -resistant 
patientss (P > 0.05). There was (ess loss of membranous 
B-cateninn staining and less nuclear B-catenin accumulation 
inn resistant adenomas compared with baseline adenomas 
fromm the same (sulindac-resistant) patients (P < 0.01) or 
baselinee adenomas from responsive patients (P < 0.01). 
Epitheliall Cox-2 expression was less, though not significant, 
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inn resistant adenomas compared with baseline adenomas 
fromm resistant patients, but was significantly less in basenue 
adenomass from responsive patients (P < 0.01). K-ras muta
tionss were found in 8 of 34 resistant adenomas (24%) and In 
nonee of the baseline adenomas (P < 0.05). Stromal Cox-2 
expression,, staining of p53 and Bd-2, and loss of heterozy
gosityy at 5q were comparable in both groups. Loss of Bax 
stainingg and microsatellite instability were not found in any 
adenoma. . 

Conclusions:Conclusions: Sulindac-resistant adenomas display less 
alterationn in B-catenin staining and less epithelial Cox-2 
expressionn when compared with adenomas removed before 
suüodacc treatment. K-ras mutations may contribute to 
suhndac-resistance.. Continued research is needed to inves
tigatee molecular alterations related to sulindac resistance. 

INTRODUCTION N 
Epidemiologicall  data, animal studies, and in vitro experi-

mentss have established trie potential chemopreventive value of 
NSAIDs**  against colorectal adenocarcinoma (1). In addition, 
thee NSAID sulindac can induce adenoma regression in patients 
withh FAP, as autosomal dominant disorder characterized by the 
developmentt of hundreds of colorectal adenomas and eventual 
carcinomaa at a young age (2-4). The chemopreventive action of 
NSAIDss seems to be mediated by the induction of apoptosis 
(5-9).. However, the mechanisms underlying these observations 
aree not completely understood. 

Thee best-known target of NSAIDs is the Cox enzyme (9). 
Twoo COX genes are known, COX-J and COX-2, which regulate the 
conversionn of arachidonic acid to prostaglandins. Increased Cox-2 
expressionn and elevated prostaglandin levels have been found is 
bod]]  adenomas and carcinomas of the colon (10-12), Thus, inhi-
bitionn of Cox-2 may provide one likely explanation for the che-
mopreventivee properdes of NSAIDs, However, Cox-2 independent 
mechanismss of action might exist (8, 9, 13-15), possibly through 
inhibitionn of the iranscripöonal activity of the nuclear hormone 
receptorr peroxisome proliferator-activated receptor 6 (PPARS), a 
potentiall  downstream target of the APO^caienin/T-cell factor 4 
pathwayy (16). m addition, animal studies and in vitro experiments 
suggestt that NSAIDs decrease die nuclear accumulation of B-
calenjn,, restoring part of the tumor-suppressor effects of the wild-
typee APC gene (17, 18). 

Clinicall  trials with NSAIDs have shown a reduction in the 
sizee and number of adenomas (2-4, 19) and aberrant crypt foci 
(20)) in PAP patients, but patient response to these agents is 
variablee (21). In a randomized double-blind trial, an increased 

311 The abbreviations used arc: NSAID. nonsteroidal anb-inflamrnalory 
drug;; FAP, familial adenomatous polyposis; Cox, cyckexygenase; 
AFC,, adenomatous polyposis coli; LOH. loss of heterozygosity; MSI, 
mkrosatellitee instability. 
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TableTable 1 Characteristics of patients with adenomas responsive and resistant to sulindac treatment 

Responsivee patients 
1 1 
n n 
m m IV V 
V V 
VI I 

Resistantt patients 

vn n 
vm m 
Df f 

Durationn of 
treatment t 

122 mo 
366 mo 
544 mo 
455 mo 
388 mo 
99 mo 

488 mo 
300 mo 
99 mo 

No,, of polyps studied 

Pretreauneni i 

2 2 
2 2 
4 4 
1 1 
2 2 
3 3 

i i 
I I 
7 7 

Fosttreatment t 

31 1 
1 1 
2 2 

Age e 

32 2 
42 2 
52 2 
24 4 
35 5 
23 3 

36 6 
25 5 
23 3 

Sex x 

F F 
F F 
F F 
F F 
F F 
F F 

M M 
F F 
M M 

APCAPC mutation 

Nott tested 
Code** 423 
Nott tested 
Segment* * 
Nott tested 
Codon54I I 

Codoo827 7 
Codonn 1061 
Codon625 5 

Qeorcctall anastomosis/ 
intactt colon 

IRA" " 
IRA A 
IRA A 
IRA A 
IRA A 
IRA A 

IRA A 
IRA A 
Intactt colon 

Baselinee polyp 
count/size e 

(mm) ) 

1972.2 2 
47/2J J 
10/2.2 2 
29/3.5 5 
16/2.1 1 

una una 
80/3,8 8 
7/3.1 1 

34/4 4 

""  IRA, tleoreetal anastomosis. 
**  Segment 1. codons 1-804 of the APC gene. 

numberr of adenomas was noted between 6 and 9 months of 
sulindacc therapy (2), suggesting the development or selection of 
resistantt adenomas during long-term sulindac treatment. More-
over,, breakthrough cancers in the rectal stump during sulindac 
cternopreventivee therapy have been reported (22r-24). This lit -
eraturee highlights potential limitations of NSAJJBis as chemopre-
ventivee agente, and the need for hiomarfcers. which predict 
resistancee to chemopreventive treatment Recent in vitro data 
showw that the loss of functional Bax results in resistance for 
NSAlD-indueedd apoptosis (25). In addition, K-im-trahsforroed 
cellss are relatively refractory to stuindac-toduced apoptosis (26). 
Thesee studies suggest that the lack of adenoma regression on 
sulindacc may be related to SAX or K-ras mutations. 

Thiss study describes the iimnunobistochemical and molec-
ularr features of adenomas removed at baseline (before treatment 
withh sulindac) from patients with complete polyp regression on 
sulindacc (responsive patients) and adenomas removed at base-
linee and during sulindac treatment from individuals with sulin-
dac-resistantt adenomas (resistant patients). We investigated al-
terationss possibly involved in the mechanisms underlying 
NSAJD-inducedd chemoprevention of colorectal carcinoma, in-
cludingg B-catenin expression, LOH at the APC locus 5q, and 
Cox-22 expression, or potentially related to resistance, such as 
K-rasK-ras mutations and the loss of Bax expression. In addition, 
apoptosis-relatedd protein expression was assessed (p53 and Bcl-
2).. MSI was studied, because a relationship seems to exist 
betweenn MSI and low Cox-2 expression (27). 

MATERIALSS AND METHODS 
Studyy Population. The study population consisted of 

ninee Caucasian FAP patients, of whom eight had undergone a 
colectomyy and ileorectal anastomosis. Patient characteristics are 
shownn in Table 1. Al l patients had adenomas in the rectum and 
weree treated with sulindac ISO mg p.o. twice a day for at least 
99 months. Informed consent was obtained in accordance with 
approvall  by the Johns Hopkins University Joint Committee on 
Clinicall  Investigation (Institutional Review Board). Medication 
compliancee was assessed by pill count, and all patients took 
>80%% of the scheduled doses. Patients underwent flexible sig-
moidoscopyy at baseline and every 3 months, using an Olympus 
flexiblee sigmoidoscope after preparation with a clear liquid diet 

andd oral cathartic solution. Enemas that could influence mucosal 
biochemistryy were not given. Biopsies taken from adenomas at 
baselinee (before sulindac treatment) and during sulindac treat-
mentt were formalin fixed, paraffin embedded, and H&E stained 
forr histological examination. Baseline adenomas from six PAP 
patientss with complete polyp regression during treatment with 
sulindacc (responsive patients) were studied (patients I-VI , Table 
1).. Three of the nine patients (patients VII-IX , Table 1) showed 
incompletee or no response to treatment with suHndac (resistant 
patiënte).. Adenomas from those individuals, removed before 
treatmentt with sulindac (baseline) and daring treatment with 
sulindacc (resistant adenomas) were included. Adenomas from 
differentt groups were matched for size, architecture, and degree 
off  dysplasia. 

Responsivee Patients. The control group consisted of 14 
adenomass from the rectal stump of six patients (patients 1-VT) 
withh complete regression of adenomas within 6 months of 
treatmentt with sulindac. Adenomas removed before treatment 
withh sulindac (baseline) were studied. 

Resistantt Patients. Patient VTJ had a baseline sigmoid-
oscopyy (before drug treatment) revealing 80 adenomas with an 
averagee size of 3.8 mm in the rectal stump. Initially, sulindac 
administrationn induced a regression in both number and size of 
adenomas.. However, after 2 years on drug treatment, the num-
berr of adenomas began to increase. After 4 years of sulindac 
therapy,, this patient was withdrawn from the trial because of 
accelerationn of adenoma development and referred for surgical 
removall  of the rectal stump to prevent rectal cancer. From 
patientt VH, one adenoma removed before treatment with sulin-
dacc was studied. In addition, 31 adenomas from seven randomly 
chosenn time points between 5 months and 4 years of treatment 
withh sulindac were analyzed (resistant adenomas). 

Patientt VHI initially had seven adenomas with an average 
sizee of 3.1 mm in the rectal stump. After 3 months of sulindac 
treatment,, there was complete adenoma regression. At 2 years of 
sulindacc treatment, an ulcerative lesion was seen in the rectal 
stumpp at sigmoidoscopy. Histological examination at the ulcer 
marginn revealed a tubular adenoma, which was analyzed in the 
presentt study (resistant adenoma). One adenoma removed be-
foree treatment with sulindac was studied. 

Patientt IX had an intact colon and was treated with sulin-
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dacc for 9 months. At baseline, 34 adenomas with an average size 
off  3 mm were noted. Sulindac did not affect number and size of 
thee adenomas. Seven rectal adenomas removed before treatment 
withh sulindac and two adenomas removed after 3 and 6 months 
off  treatment with sulindac (resistant adenomas) were analyzed. 

Tissuee Preparation. Formalin-fixed, paraffin-embedded 
sampless were cut into 5-ujn sections and mounted on glass 
slides.. For DNA isolation, slides were stained with hematoxylin, 
andd dysplastic and normal epithelium were microdissected. A 
standardd proteinase-K digestion was used lo isolate DNA. 

Immunohistocfaemistryy for pVCatenin; Cox-2; p53; 
Bcl-2;; and Bax. Immunohistochemistiy was performed on 
unstainedd 5-p.m sections as described previously (28). For an-
tigenn enhancement, the slides were submerged in citrate buffer 
andd heated for 10 min at 100"C, Immunostaining was done 
usingg primary monoclonal antibodies against B-catenin, clone 
144 (Transduction Laboratories, Lexington. KY), at a dilution of 
1:1000;; Cox-2, no. 160112 (Cayman Chemical. Ann Arbor, 
MI) ,, at a dilution of 1:100: p53, D07 (Dako. Glostrup, Den-
mark),, at a dilution of 1:200; Bcl-2, clone 124 (Dako), at a 
dilutionn of 1:12.5; and against Bax, die polyclonal rabbit IgG 
p-199 (Santa Cruz Biotechnology. Santa Cruz, CA), at a dilution 
off  1:100. Primary antibodies against B-catenin and Cox-2 were 
incubatedd overnight at 4°C; incubation with antibodies against 
p53,, Bcl-2, and Bax was done for 1 h at room temperature. 
Primaryy antibodies were replaced by PBS (137 mM NaCl, 2.7 
DIMM KC1, 10 mM Na2HP04. and 1.8 mM KHaPOj in negative 
controll  slides. A known p53-positive colorectal carcinoma was 
usedd as a positive control for pS3 staining. The staining pattern 
inn the adjacent normal mucosa was used as a marker for the 
specificc staining of fl-catenin, Cox-2, Bcl-2, and Bax. To assess 
thee specificity of the Cox-2 antibody, a subset of adenomas was 
stainedd with the primary antibody after preadsorption of a hu-
mann Cox-2 control peptide (Cayman Chemical) for 1 h at room 
temperature.. This resulted in me blocking of the Cox-2 staining 
patternn described below. 

Immunostainedd slides were scored by two observers 
(G.. J. A. O. and J. J. K.) in a coded fashion. For fi-caienih, 
membranous,, cytoplasmic, and nuclear staining were assessed 
separately.. Membranous and cytoplasmic staining were com-
paredd with the normal mucosa and assessed as decreased ex-
pressionn (loss) or overexpiession, respectively; nuclear staining 
(absentt in normal tissue) was scored seraiquantiiatively using a 
scalee from 1 to 4 (1, no expression; 2, <5% positive nuclei; 3, 
<25%% positive nuclei; and 4, >25% positive nuclei). Cox-2 
stainingg 'm the stroma underlying the epithelium and in the 
epitheliumm was assessed separately in a semiquantitative manner 
onn a scale from 1 to 4 (1. no expression; 2, weak staining; 3, 
moderatee staining; and 4. intense staining). p53 immunostaining 
wass considered positive when >10% of nuclei stained positive 
(29).. Bel-2 staining was compared with the normal mucosa for 
assessmentt of overexpression, and Bax-stained adenomas were 
evaluatedd for loss of expression, lmmunohistochemical staining 
wass completely absent in one responsive adenoma, possibly 
becausee of a fixation error. Also, there was limited tissue avail-
ablee from another responsive adenoma, precluding assessment 
off  Bax and Cox-2 staining. 

K-Rass Codon 12 Analysis. K-ras codon 12 analysis was 
performedd as described previously (30). DNA samples were 

usedd for amplification of K-ras codon 12-specific sequences by 
PCR.. PCR products were then digested with Mval. which only 
recognizess wild-type K-ras codon 12. Subsequently, a second-
roundd PCR was performed on both the digested and undigested 
first-roundd PCR products. After denaturation, the undigested 
andd digested (mutant-enriched) PCR products were spotted onto 
aa nylon membrane and hybridized to each of the K-ras codon 12 
mutation-specificc oligodeoxynuCleotides. Final stringency 
washess were carried out at 63°C before autoradiography. K-ras 
codonn 12 mutational analysis was performed twice, in indepen-
dentt experiments. 

LOHH and MSI Analysis. Analysis of LOH and screen-
ingg for MSI was done as described previously (3D, comparing 
microdissectedd tumor tissue with normal tissue from the same 
patient.. LOH analysis of the APC locus at chromosome 5q was 
performedd with the markers D5S82. D5S107. and D5S346. MSI 
wass assessed with the B AT-26 marker.4 Cycling was performed 
inn a PTC 100 cycler (MJ Research, Inc.. Waltham, MA), and die 
PCRR products were analyzed using an automated ABB77 se-
quencerr and the Genescan 2.1 software (PE Biosystems, Foster 
City.. CA). 

Statistics.. Nonparametric tests were used. Comparisons 
betweenn groups were made by Mann*Whitney test for nuclear 
B-cateninn staining and epithelial and stroma) Cox-2 expression. 
TheThe nonparametric Fisher's exact test was used for analysis of 
differencess in B-catenin (toss of membranous staining and over-
expressionn of cytoplasmic staining), Cox-2 (moderate/strong 
comparedd with weak/absent staining), p53, Bcl-2, K-ras muta-
tions,, and 5q LOH. The relationship between membranous and 
nuclearr B-catenin staining was analyzed by Mann-Whitney test. 
Thee relationship between stromal and epithelial Cox-2 staining 
wass evaluated by Spearman's rank correlation test A P <0.05 
wass considered statistically significant. Al l Ps were two-sided. 

RESULTS S 
Al ll  adenomas were tubular or tubulovillous lesions, <1 

cm,, with mild to moderate dysplasia. No morphological differ-
encess were noted between adenomas from responsive patients 
(nn = 14) and adenomas from resistant patients removed before 
(nn = 9) or during (w = 34) treatment with sulindac. The results 
off  inmiunohistocheraistry (Fig. 1) for B-catenin, Cox-2, p53, 
Bcl-2,, and Bax, K-ras codon 12 mutational analysis (Fig. 2) and 
5qq LOH and MSI are listed in Table 2. 

Baselinee Adenomas from Sulindac-responsjve and 
Sulindac-resistantt Patients. There were no significant differ-
encess in any molecular parameter analyzed in baseline adeno-
mass (removed before treatment wim sulindac) from sulindac-
responsivee patients compared with sulindac-resistant patients 
(P(P > 0.05; Table 2). In general, baseline adenomas displayed 
reducedd membranous S-catenin staining compared with the nor-
mall  mucosa and an accumulation of cytoplasmic and nuclear 
B-cateninn (Fig. 1,^-B) in accordance with literature reports (32, 
33).. Very littl e Cox-2 staining was found in the normal mucosa. 
Thee Cox-2 staining pattern in adenomas (Fig. 1, £*-£) was 

44 For primer sequence see the Genome Database: Internet address: 
htip://wwww .gdb.org-
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Fig.Fig. I Immunohistochemical 
scainingg of P-catenin. Cox-2, 
p53.. bcl-2, and bax. d, dysplaslic 
epithelium:: n. nonnal rectal epi-
thelium.. A-C. p-catenin staining, 
withh nuclear accumulation of 
P-cateninn and loss of membra-
nouss staining in dysplaslic epi-
theliumm Id) compared with 
adjacentt normal epithelium (n) 
inn baseline adenomas from 
sulindac-rcsponsivee (A) and 
-resistantt (B) patients. C. exam-
plee of .sulindac-resistant ade-
noma,, with strong membranous 
stainingg and very few nuclear 
P-cateninn in dysplastic crypts 
(d).(d). D-F, Cox-2 staining, with 
epitheliall  and stromal (arrow) 
expressionn in baseline adenomas 
fromm sulindac-responsive (D) 
andd -resistant (£) patients. F, ex-
amplee of a sulindac-resistant ad-
enoma,, with stromal Cox-2 ex-
pression.. G-l, Bax expression 
inn baseline adenomas from 
sulindac-responsivee (G) and 
-resistantt <lh patients, and in 
aa sulindac-resistant adenoma 
(/).. /. nuclear overexpression 
off  p53 in dysplastic epithe-
lium.. K, overexpression of 
bcl-22 in dysplaslic epithelium 
(d)(d) compared with adjacent 
normall  epithelium (n). 

similarr to that described by Chappie el al. (12), i.e., increased 
epitheliall  staining and stromal staining beneath dysplastic sur-
facee epithelium. In baseline adenomas, there was a positive 
correlationn between stromal and epithelial staining (P = 0.003). 
Althoughh epithelial Cox-2 overexpression seemed more pro-
nouncedd in baseline adenomas from sulindac-responsive pa-
tientss compared with baseline adenomas from sulindac-resistant 
patientss (P = 0.06). the frequency distribution of Cox-2 as-
sessedd as moderate or strong (S3) compared with negative or 
weakk was not significantly different in both groups (P — 0.12). 
Stromall  Cox-2 expression, positive staining for p53 (Fig. 1/), 
Bcl-22 overexpression (Fig. IK), and LOH at the APC-locus 5q 
weree comparable in both groups. Loss of Bax expression (Fig. 1, 
G-H),G-H), K-ras codon 12 mutations, and MSI were not found in 
anyy baseline adenoma. 

Sulindac-resistantt Adenomas. Loss of membranous 
S-cateninn expression was found in 13 of 34 (38%) sulindac-
resistantt adenomas, which was significantly less than in baseline 
adenomass from the same patients (88%: P = 0.001) and base-
linee adenomas from responsive patients (85%; P = 0.008; Fig. 
1,, A-C). In addition, there was significantly less nuclear accu-
mulationn of B-catenin in resistant adenomas compared with 
baselinee adenomas from the same patients (P < 0.001) and 
baselinee adenomas from responsive patients (P = 0.002; Fig. 1, 
A-C).A-C). Cytoplasmic B-catenin staining was present in 33 of 34 
(97%)) resistant adenomas and did not differ from baseline 
adenomas. . 

Theree was less epithelial Cox-2 expression (Fig. 1, D-F) in 
resistantt adenomas compared with baseline adenomas from the 
samee patients, however, this difference was not significant (P = 
0.32).. There was significantly less epithelial Cox-2 expression 
inn sulindac-resistant adenomas than in baseline adenomas from 
responsivee patients (P = 0.002). Moderate or strong epithelial 
Cox-22 staining (assessed as s3) was found in 13 of 34 (38%) 
resistantt adenomas compared with 5 of 9 (55%) baseline ade-
nomass from resistant patients (P = 0.46) and 11 of 12 (92%) 
baselinee adenomas from responsive patients (P = 0.002). There 
wass also less stromal Cox-2 staining (Fig. 1, D-F) in resistant 
adenomass compared with baseline adenomas, however, the dif-
ferencee was not significant (P = 0.14 when compared with 
baselinee adenomas from the same patients: and P = 0.098 when 
comparedd with baseline adenomas from responsive patients). 
Theree was a positive relationship between epithelial and stromal 
Cox-22 expression in resistant adenomas (P = 0.045). as was 
alsoo found in the baseline adenomas (see above). 

Resistantt adenomas showed positive staining for p53 (Fig. 
1/)) and overexpression of Bcl-2 (Fig. \K). comparable with 
baselinee adenomas from resistant and responsive patients. Loss 
off  Bax expression (Fig. 1, G-l) was not found in resistant 
adenomas.. K-ras codon 12 mutations were found in 8 of 34 
(24%)) resistant adenomas (Fig. 2). whereas no mutations were 
foundd in the nine baseline adenomas from the same patients 
(ƒ»» = 0.17) nor in the 14 baseline adenomas from responsive 
patientss (P = 0.09). When baseline adenomas from resistant and 
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Fig.Fig. 2 Autoradiogram of K-ras codon 12 mutation analysis. Displayed 
aree the wild-type oligonucleotides (WT). the D mutation-specific oligo-
nucleotidess (valine mutation: D). and the E mutation-specific oligonu-
cleotidess (aspartic acid mutation: £). From each sample, nonenriched 
DNAA  (left) and mutant-enriched DNA (right) are hybridized next to 
eachh other in a paired way. Each row contains three pairs of spots/ 
columnn with DNA from three different samples. Row I, hybridization 
controls,, DNA complementary to the labeled oligonucleotide. The eight 
detectedd mutations (6 D mutations and 2 E mutations) and a positive 
controll  (marked with /) are shown as paired spots. DNA was replaced 
byy HaO as a negative control (blank spot in WT column marked with 2). 

responsivee patients were grouped (n = 23). there was a statis-
ticallyy significant difference in the K-ras codon 12 mutation rate 
betweenn resistant adenomas (8 of 34) and baseline adenomas (0 
off  23; P = 0.02). LOH at the APC locus 5q was found in 7 of 
322 (22%) informative resistant adenomas. LOH was found in 
resistantt adenomas with and without nuclear accumulation of 
P-catenin.. MSI was not found in resistant adenomas. 

DISCUSSION N 
Althoughh NSAJDs have chemopreventive activity against 

colorectall  cancer, literature reports reveal that these agents do 
nott completely prevent the occurrence of colorectal carcinoma. 
Thiss emphasizes the importance of understanding the mecha-
nismss of action of these drugs and identifying biomarkers, 
whichh predict resistance to chemopreventive treatment. 

Thee present study found less loss of membranous p-cate-
nin.. less nuclear accumulation of P-catenin, and less epithelial 
Cox-22 in sulindac-resistant adenomas compared with adenomas 
fromm the same patients, removed before treatment with sulindac 
(baseline),, and baseline adenomas from patients who showed a 
completee response after sulindac administration. In addition, 
K-rasK-ras codon 12 mutations were only noted in sulindac resistant 
adenomas.. These findings may indicate a role for these factors 
inn the mechanism underlying NSAID-induced chemopreven-
tion.. Alternatively, our results might reflect a distinct molecular 
make-upp of sulindac-resistant tumors. The timing of the occur-
rencerence of sulindac-resistant adenomas seems unpredictable, inas-
muchh as two of three sulindac-resistant patients were initially in 

completee remission during the first years of treatment. The 
resultss need to be interpreted with caution because of the small 
numberss of resistant patients from whom adenomas were avail-
ablee for study. The vast majority of resistant adenomas are from 
onee patient, and potential confounding factors related to this 
patientt cannot be excluded. Also, our study design precludes 
definitivee conclusions between the possibilities that the ob-
servedd differences are caused by treatment with sulindac or are 
relatedrelated to sulindac resistance. Ideally, individual polyps could 
bee marked and biopsied before and during sulindac therapy, 
comparingg molecular alterations in polyps that ultimately re-
gresss to those that remain. Barriers to this methodology in FAP 
includee the small size of adenomas and the difficulty in obtain-
ingg patient consent for such a protocol. 

Noo significant differences were found between baseline 
adenomass from resistant patients and those with a complete 
responsee on sulindac. Thus, the studied markers could not 
predictt which patients would completely respond to treatment 
withh sulindac. The molecular alterations of baseline adenomas 
fromm sulindac-responsive and -resistant FAP patients were con-
sistentt with previously reported alterations in FAP-related ade-
nomas.. Loss of membranous P-catenin and translocation of 
P-cateninn to the nucleus has been described in colorectal ade-
nomass and carcinomas (32-34). Indeed, most baseline adeno-
mass showed reduced membranous B-catenin staining and nu-
clearr accumulation of B-catenin. Interestingly, there was less 
losss of membranous B-catenin and less nuclear B-catenin in 
sulindac-resistantt adenomas. 

FAPP patients have an inherited mutation of the APC gene. 
Normally,, wild-type APC regulates the degradation and nuclear 
exportt of B-catenin (35, 36), which is mainly localized at the 
celll  membrane. Inacrivarion of APC results in increased cyto-
plasmicc levels, loss of membranous expression, and nuclear 
accumulationn of B-catenin. Nuclear B-catenin binds to T-cell 
factorr 4 and activates the transcription of different oncogenic 
factorss (35). Animal studies and in vitro experiments have 
addressedd overexpression and nuclear translocation of B-catenin 
ass potential targets for the anticarcinogenic action of NSAIDs. 
Mahmoudd el al. (7) showed decreased expression of p-catenin 
afterr treatment with sulindac in the normal intestinal mucosa of 
ApcApcMm/+Mm/+ mice, a murine model of FAP. and Oshima et al. (37) 
showedd an increased membrane-bound fraction of p-catenin in 
adenomass of Ape*116 mice after 8 weeks of treatment with 
sulindac,, whereas no change in nuclear accumulation was noted. 
Inn addition. McEntee et al. (38) reported decreased nuclear and 
cytoplasmicc P-catenin expression in the small intestinal adeno-
mass of ApcM,D/*  mice after treatment with sulindac for 2-4 
days,, but not after 20 days treatment. Adenomas which persist 
afterr 20 days treatment with sulindac could be considered re-
sistant.. We found less nuclear p-catenin in sulindac-resistant 
adenomas,, whereas nuclear accumulation of p-catenin was un-
alteredd in sulindac-resistant adenomas of Apc!Mn/+ mice and 
Apc*Apc*7i67i6 mice (37, 38). This discordance might reflect differ-
encess between rectal adenomas in human FAP and small intes-
tinall  adenomas in these mice models. Recently. Brown et al. 
(17)) reported decreased nuclear accumulation of P-catenin in 
carcinogen-inducedd tumors in rats after treatment with sulindac, 
supportingg our present findings. Also, in vitro experiments have 
shownn that the NSAID indomethaein decreases nuclear P-cate-
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TabUTabU 2 Molecular alterations in baseline and sulindac-resistanl adenomas 
Molecularr alterations in adenomas removed before freatment with sulindac (baseline) from patients with a complete response on sulindac (A) 

andd sulindac-resistant patients (B) and in sulindac-resistant adenomas (C). Nuclear p-cateaia, and epithelial and stromal Cox-2 expression were 
assessedd in a semiquantitative maimer, and the median and range (lowest and highest scores) are presented. 

Nuclearr fJ-catcain 
Epitheliall Cox-2 
Stromall Cox-2 

Membranouss p-catenin decreased 
Cytoplasmicc -̂catenin overexpression 
p533 overexpression 
Bel-22 overexpression 
Baxx loss of expression 
K-rasK-ras codon 12 mutation 
LOWW at 5q (APC locus) 
MSII (Bat-26) 

A:: (n = 14)" 
Baselinee adenomas 

Responsivee patients 

Mediann (range) 

3(2-*) ) 
4(1-4) ) 
3(1-*) ) 

n/nn/n tested (%) 

11/133 (85%) 
12/133 (92%) 
5/133 (38%) 

11/13(85%) ) 
0/12 2 
0/14(0%) ) 
2/14(14%) ) 
0/14 4 

B:: (» = 9f 
Baselinee adenomas 

Resistantt patients 

Mediann (range) 
3(3-4) ) 
33 0-4) 
3 (M) ) 

n/nn tested (%) 

9/9(100%) ) 
7/99 (77%) 
2/9(22%) ) 
679(66%) ) 
G/9 9 
0/9 9 
1/2(50%) ) 
0/9 9 

C:: 0t = 34) 
Resistantt adenomas 

Resistantt patients 

Mediann (range) 

22 0 ^ ) 
2 ( M ) ) 
3(l^t) ) 

nfnnfn  tested (%) 

13/34(38%) ) 
33/344 (97%) 
6/34(18%) ) 

25/344 (74%) 
0/34 4 
8/34(24%) ) 
7/322 (22%) 
0/34 4 

AA compared 
withC C 

P P 

PP = 0.002 
p=aoo2 2 
PP = 0.098 

P P 

PP = 0.008 
PP = 0.48 
PP = 0.25 
PP = 0.70 

PP = 0.09* 
PP = 0.70 

BB compared 
withC C 

P P 
PP < 0.001 
PP = 0.32 
PP = 0.14 

P P 

PP = 0.001 
PP = 0.1I 
P == 1.00 
PP = 0.69 

PP = 0.17* 
PP = 0.42 

"" There were no statistically significant differences in any molecular parameter between A and B (P > 0.05). 
** Overall, the difference m K-rto mutation r&te between base^ 

andd resistant adenomas was statistically significant P = 0.02. 

no)) expression in colorectal cancer ceil lines (18). Taken to
gether,, the translocation ofp-cateron. caused by the toss of APC 
tumor-suppressorr activity, might be a target of NSAIDs. possi
blyy by enhancing the nuclear export óf p-calenin through mech
anismss that interact with tte nuclear export receptor CRMI (36). 

Lesss epithelial Cox-2 was found in sulindac-resistant ade
nomass compared with baseline adenomas. Cox-2 expression can 
bee reduced by NSAIDs in vitro (39), and sulindac decreases the 
expressionn of Cox-2 in the normal mucosa of ApcMio/+ mice 
(40).. Our findings suggest that this effect also occurs in human 
adenomass of FAP patients treated with sulindac. Although di
minished,, nuclear [J-catenin and Cox-2 expression were still 
presentt in sulindac-resistant adenomas. Resistance to sulindac 
mightt be caused by failure of this NSAID to completely abolish 
thesee oncogenic stimuli. Alternatively, sulindac therapy may be 
unablee to counteract the effect of an alternative (sulindac-resist-
ant)) tumor progression pathway not dependent on Cox-2 and/or 
nuclearr pVcatenin signaling. 

Severall molecular alterations potentially involved in sulin
dacc resistance were investigated1. Mutant p53 was found in both 
groups,, supporting in vitro findings that p53 is not involved in 
NSAJD-inducedd chemopreveniioa (8). Recently, BAX mutations 
havee been associated with sulindac resistance in vifro (25). We 
foundd Bax expression in all (resistant) adenomas studied. How
ever,, irnmunohlstocbemistry might fail to detect loss of func
tionaltional Bax protein. Arber et al (26) showed that K-ras-trans-
formedd cells were relatively resistant to sulmdac-induced 
apoptosis.. In this study, 8 K-ras codon 12 mutations were found 
inn 34 sulindac-resistant adenomas (24%), whereas those muta
tionss were not found in baseline adenomas from either sulindac-
resistantt or -responsive patients. K-ras codon 12 mutations 
accountt for the majority of ras mutations in human colorectal 
carcinogenesiss and occur in <10% of small colorectal adeno
mass (<1 cm; Ref. 41). Thus, die frequency of K-ras codon 12 

mutationss in sulindac-resistant adenomas was higher than ex
pected.. In addition, when baseline adenomas from sulindac-
resistantt and -responsive patients were grouped, a significant 
differencee tn the K-ra* mutation rate between baseline and 
resistantt adenomas was noted, suggesting a role for K-ras mu
tationss in sulindac resistance. Our study does not determine 
whetherr the observed differences are caused by sulindac or are 
ann underlying cause of solmdac resistance. However, it is un
likelyy that sulindac treatment would induce ras mutations. More 
probably,, K-ras mutations constitute a point of no return beyond 
whichh chemopreventive treatment with NSAIDs is ineffective. 
Off interest will be die effect of combinatorial chemopreventive 
therapy;; in this regard, the work of Torrance ex al (42), describ
ingg almost complete adenoma regression in ApcMiB/~''  mice after 
treatmentt with a combination of sulindac and a specific epider
mall growth factor receptor kinase inhibitor seems promising. 

Iss summary, our results show less oncogenic activation of 
p-cateninn and less Cox-2 in sulindac-resistant adenomas. One 
explanationn for these findings is that nuclear p-catenin accumu
lationn and Cox-2 expression are decreased with sulindac treat
ment.. However, resistant adenomas may occur from limited 
suppressionn of these factors caused by drug delivery and/or 
involvementt of an alternative (sulindac-resistant) tumor pro
gressionn pathway. K-ras mutations might be involved in sulin
dacc resistance. Additional research is needed to elucidate such 
ann alternative tumor progression pathway and to investigate 
whetherr nuclear p-catenin staining, epithelial Cox-2 overexpres
sion,, and K-ras codon 12 mutations can be useful biomarkers. 
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NSAIDss target nuclear p-catenin accumulation and Wnt signaling in adenomas of patients 
withh familial adenomatous polyposis and in human colorectal cancer cell lines 

Abstract t 

Non-steroidall  anti-inflammatory drugs (NSAIDs) have chemopreventive potential against 
colorectall  carcinomas (CRC), Inhibition of COX-2 activity underlies part of this effect, although 
COX-2-independentt mechanisms may also exist. NSAIDs appear to inhibit the initial stages of the 
adenoma-carcinomaa sequence, suggesting a link to the APC/p-catenin/TCF-pathway (Wnt-
signalingg pathway). Therefore, the effect of the NSAIDs sulindac and indomethacin on nuclear 
(non-phosphorylated)) p~catenin and p-catenin/TCF mediated transcription was investigated. 
Nuclearr 0-eateoin expression was assessed in pretreatment colorectal adenomas and in adenomas 
afterr treatment with sulindac from 7 patients with familial adenomatous polyposis (F AP). Also, 
thee effect of indomethacin and sulindac on p-catenin/TCF mediated transcription was studied. 
Adenomass of FAP patients collected after treatment with sulindac for up to 6 months showed less 
nuclearr p-catenin expression compared to pretreatment adenomas of the same patients. Both 
indomethacinn and sulindac abrogated p-catenin/TCF mediated transcription in the CRC cell lines 
DLD11 and SW48Ö, and decreased the levels of non-phosphorylated P-catenin. As a result, the 
proteinn levels of the positively regulated TCF-targets Met and Cyclin Dl were downregulated, 
whilee the protein level of the negatively regulated TCF-target CD68 was upregulated after 
indomethacinn or sulindac treatment. This study provides in vivo and in vitro evidence that nuclear 
p-cateninn localization and p-catenin/TCF regulated transcription of target genes can be inhibited 
byy NSAIDs. Inhibition of Wnt-signaling provides an explanation for the COX-2-independent 
mechanismm of chemoprevention by NSAIDs. 

Introduction n 

Epidemiologicall  data, rodent studies and in vitro experiments have demonstrated that non-
steroidall  anti-inflammatory drugs (NSAIDs) have anti-colorectal cancer (CRC) activityl. Also, in 
patientss with familial adenomatous polyposis (FAP), an autosomal dominantiy inherited disorder 
characterizedd by the development of numerous colorectal adenomas at a young age, the NSAIDs 
sulindacc and indomethacin can cause regression of adenomas *"* . The chemopreventive effect of 
NSAIDss appears mediated by induction of apoptosis and cell cycle arrest7_1'. However, the 
molecularr mechanisms underlying these biological effects are not completely understood. 
NSAIDss inhibit the enzymatic activity of cyclooxygenase (COX) 1 and 2, enzymes that convert 
arachidonicc acid into prostaglandins,0. However, COX independent mechanisms may also play a 
role,, since NSAIDs inhibit the growth of colon cancer cell lines lacking COX-2 expression l2'H. 

Oncogenicc activation of the Wnt signaling pathway by mutations in APC or p-catenin, 
whichh results in accumulation and nuclear translocation of P-catenin and in p-catenin/TCF4 
regulatedd transcription of TCF target genes, is mandatory for the initial neoplastic transformation 
off  intestinal epithelium 15, l6. Previous studies have shown an effect of NSAIDs on the expression 

56 6 



ChapterChapter 6 

andd localization of p-catenin, suggesting nuclear p~catenin as an alternative target for the 
chemopreventtvee effect of NSAIDs. NSAIDs were shown to prevent the nuclear accumulation of 
p-cateninn in chemically induced colon tumors in rats 17 and in human colorectal cancer cell lines 
14,18.. In addition, indomethacin and aspirin can downregulate the expression of the TCF target 
genee cyclin D1 in CRC cell lines l8, l9. Togemer, diese data suggest that NSAIDs may exert an 
anti-neoplasticc effect by inhibiting the Wnt-signaling pathway. Previously, we reported low levels 
off  nuclear p-catenin in sulindac resistant adenomas ^ This could reflect a downregulation of 
nuclearr p-catenin by sulindac or represent an intrinsic feature of resistant adenomas. In the present 
study,, we therefore compared nuclear accumulation of p-catenin in adenomas from F AP patients 
beforee and after treatment with sulindac for up to 6 months 6. In addition, we studied the effects of 
indomethacinn and sulindac on Wnt-signaling in human CRC cell lines. 

Methods s 

PatientsPatients and adenoma specimens 
Thee study population consisted of 7 FAP patients who were treated with sulindac 150 mg 

p.o,, twice a day, as described previously6' 21*  22. All patients had adenomas at the initiation of 
treatmentt (baseline) and showed adenoma regression after 6 months treatment with sulindac. 
Patientss were selected because both adenomas collected at baseline (n= 17) and after the first 6 
monthss of treatment with sulindac (n=17) were available for study. 

ImmunohistockefnistryforImmunohistockefnistryfor §-catenin 
Immunohistochemistryy was performed on 5 urn sections of formalin-fixed, paraffin-

embeddedd samples as described previous 2\ For antigen retrieval, the slides were boiled for 10 
mmm in citrate buffer followed by an overnight incubation at 4 °C with a primary monoclonal 
antibodyy against p-catenin, clone 14 (Transduction Laboratories, Lexington, KY). The staining 
patternn in adjacent normal mucosa was used as a marker for specificity. 
Immunostainedd slides were scored semiquantitatively using a scale from 0 to 3 (0: no expression; 
1:: <5% positive nuclei; 2:5-25% positive nuclei; 3: >25% positive nuclei). Also, membranous 
stainingg was scored separately as normal or decreased. Slides were assessed in a coded fashion by 
twoo independent observers (JJK and GJAO) and discrepancies were solved by consensus. 
Comparisonss of staining patterns between adenomas collected at baseline and during treatment 
withh sulindac were made using the non-parametric Mann-Whitney test and Fisher's Exact test. A 
P<0.055 was considered statistically significant; P-values were two-sided. 

CellCell culture and TCF reporter analysis 
Thee human CRC cell lines DLD1 and SW480 were grown in RPMI medium 

supplementedd with 10% fetal calf serum, 100 U/ml penicillin and 100 ng/mll  streptomycin (all 
fromm Life Technologies, Paisley, UK). CRC cells were transiently transfected with either 5 \xg 
pTOPflashh or pFOPflash reporter plasmids (Upstate Biotechnology, Lake Placid, NY) using 
Hpofectaminee (Invitrogen, Paisley, UK). To correct for differences in transfection efficiency, cells 
weree cotransfected with a reporter plasmid containing a GFP gene. All experiments were 
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performedd in triplicate. Cells were grown with or without addition of indomethacin (600 uM) or 
sulindacc (100 uM) for 24 or 48 hours. The concentration ranges of indomethacin and sulindac in 
thiss study were equivalent to that used by others 13, l4-18. Indomethacin and sulindac were prepared 
ass stock solution in dimethyl sulphoxide (DMSO). Control cultures contained DMSO at an 
equivalentt dilution. After stimulation of the cells with indomethacin or sulindac, cells were lysed 
inn luciferase reporter lysis buffer (Promega, Madison, NY) and monitored for luciferase activity 
usingg luciferase assay substrate buffer. Light units were recorded using a luminometer. GFP 
expressionn of these cells was analyzed by microscopy to correct for differences in transfection 
efficiency. . 

WesternWestern Blot analysis 
Thee CRC cells DLD1 and SW480 were grown with or without 600 uM indomethacin or 

1000 uM sulindac for 24 or 48 hours. In addition, cells were grown with different concentrations of 
indomethacinn or sulindac for 24 hours. Protein extracts were prepared by resuspending the cells 
intoo lysis buffer (10 mM Tris pH 8.0; 15 mM NaCl; 1% NP40,10% glycerol; 0.4 mg/ml sodium 
orthovanadate).. Protein extracts were separated by SDS-PAGE and blotted onto immobilon-P 
transferr membranes (Millipore corp., Bedford, USA) by tank blotting. Membranes were blocked 
inn Tris buffered saline (100 mM Tris-Cl pH 7.5; 150 mM NaCl) containing 0.1 % Tween (Sigma, 
Stt Louis, MO) and 5 % non-fat dry milk, probed with monoclonal antibodies; 8E4 (against non-
phosphorylatedd P-catenin) (Alexis Biochemicals, San Diego, CA), KP1 (against CD68) (Research 
Diagnosticss Inc, Flanders, NJ) and AC-15 (against p-actin) (Sigma), respectively polyclonal 
antibodies:: H-102 (against P-catenin), C12 (against Met), M-20 (against cyclin Dl) (all Santa 
Cruzz Biotechnology, Santa Cruz, CA). Proteins were detected with horseradish peroxidase 
conjugatedd secondary antibodies (Dakopatts, Glostrup, Denmark) in a standard Western Blotting 
protocoll  (ECL Western Blotting, Amersham Pharmacia Biotech Inc., Aylesbury, UK). Blots were 
analyzedd by densitometry. Intensities were quantified using NIH Image software (NIH, USA). All 
signalss were normalized for loading by comparison with the appropriate P-actin signal. 

Figuree I. p-Catenin expression in adenomas of FAP patients: Immunostaining of adenomas from FAP patients 
beforee (A) and after treatment with sulindac (B). After sulindac treatment, nuclear p-catenin staining (arrow) is 
diminishedd (arrowhead). 
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Results s 

$-Catenin$-Catenin expression in adenomas before and'after sulindac treatment 
Thirty-fourr adenomas from FAP patients removed before (n=17) and after (n=17) 

treatmentt with sulindac for up to 6 months (median duration of treatment per adenoma: 4 months) 
weree evaluated. AH adenomas were tubular or tubuloviflous lesions, <1 cm, with mild to moderate 
dysplasia.. No morphological differences were noted between adenomas removed before and after 
treatment.. Nuclear accumulation of P-catenin was assessed semiquantitatively in imrnunostained 
slides.. There was nuclear accumulation of P-catenin in baseline adenomas compared to adenomas 
collectedd after treatment with sulindac (Figure I). Imrnunostained slides were scored 
semiquantativelyy as described in the Materials and Methods section and summarized in Table 1. 
Membranouss P-catenin was decreased in all baseline adenomas, and in 14 out of 17 adenomas 
removedd after sulindac (P>0.05). 

Tablee 1 Nuclear p-catenin expression in adenomas before and after sulindac treatment (P<0.05), 

Semiquantitativee score of nuclear accumulation of fl-catenin 

## of adenomas 0 1 2 3 

beforee treatment 0 9 4 4 
afterr treatment 6 9 2 0 

NSAIDsNSAIDs target $-catenin/TCF activated transcription 
Thee effect of NSAIDs on Wnt-activatipn was analyzed in the human colorectal cancer cell 

liness DLD1 and SW480. These cell lines contain a constitutively activated Wnt signaling pathway 
causedd by mutations in the APC gene, and are devoid of COX-2 expression24 (and confirmed by 
westernn blotting, data not shown). Inhibition of fi-catenin/TCF transcriptional activation by 
indomethaeinn or sulindac was monitored by transfecting a TCF reporter (pTQPflash) or, as 
control,, a construct containing scrambled TCF binding sites (pFOPflash) in both CRC cell Unes. 
Differencess in transfection efficiency were corrected for by cotransfecting the cells with a GFP-
encodingg reporter plasmid. Following indomethaein (600 uM) or sulindac (100 uM) treatment for 
244 or 48 hrs, p-catenin/TCF activated TOPflash activity was abrogated in bom DLD1 and SW480 
cellss (Figure 2). FOPflash activity remained tow in both cell lines. This indicated that 
indomethaeinn and sulindac inhibited the Wnt signaling pathway. 

Too further support this conclusion, we determined the effect on (i) the phosphorylation 
statuss of p-catenin and on (ii) the expression of TCF target genes. In the absence of active Wnt-
signaling,, p-catenin is phosphorylated by Glycogen synthase kinase3p (GSK3p) and targeted for 
degradationn by the ubiquitin-proteasomal pathway. Mutations in the APC gene, which are present 
inn both DLD1 and SW480 cells, result in reduced phosphorylation of P-catenin and nuclear 
accumulationn of non-phosphorylated p-catenin. Following indomethaein (Figure 3 and 4) and 
sulindacc (data not shown) treatment, a time- and dose-dependent decrease in non-phosphorylated 
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P-cateninn expression in both cell lines was noted. Furthermore, the expression levels of the TCF 
targett genes Met24 and Cyclin Dl  25 were downregulated in a time- and dose-dependent fashion. 
Byy contrast, CD68, a TCF target gene normally downregulated by TCF directed transcription26, 
wass upregulated in response to treatment. 

Figuree 2. TCF reporter activity following indomethacin or sulindac treatment of DLD1 and SW480 cells. 
DLD11 (A + C) or SW480 cells (B + D) were treated with 600 uM indomethacin or with 100 uM sulindac for 24 
orr 48 hrs. Cells were lysed and TOPflash and FOPfiash activities were recorded in a luminometer. 
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Discussion n 

Inn addition to COX-2, a number of alternative targets have been implicated in the 
chemopreventivee action of NSAIDs, including Bcl-2, NF-KB, NAG-1 and PPAR6 27~30, suggesting 
thatt various distinct molecular pathways may play a role in the anti-tumor effects of these drugs. 
Thee present study provides in vivo and in vitro evidence that the P-catenin/TCF-4 signaling 
pathwayy is a target of NSAIDs. 

Wee observed that nuclear p-catenin accumulation in adenomas of FAP patients treated 
withh sulindac is decreased in comparison to pretreatment adenomas of the same patients. A 
similarr decrease in nuclear p-catenin has been reported in rodent intestinal tumors '7. Previously, 
wee found less nuclear p-catenin in sulindac-resistant adenomas compared to baseline adenomas20. 
Thosee sulindac resistant adenomas were collected during treatment with sulindac for up to 4 
years,, from selected sulindac resistant patients. Therefore, our previous study could not 
distinguishh whether decreased nuclear P-catenin was caused by sulindac, or reflected intrinsic 
featuress of sulindac resistantt adenomas. The present study compared adenomas from FAP patients 
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removedd before and after treatment with sulindac for up to 6 months. At that timepoint, the 

maximumm efficacy of sulindac on number and size of adenomas was noted6, and in general 

resistancee started to develop afterwards. Thus, it is assumed that the observed decrease of nuclear 

P-cateninn in the present investigation is mostly accounted for by the sulindac treatment, instead of 

beingg related to resistance. This corresponds to data showing decreased nuclear and cytoplasmic 

P-cateninn in adenomas of ApcMm mice upon treatment with sulindac for several days27. 

Figuree 3. Kinetics of the effect of indomethacin on TCF-regulated target genes. DLD1 (A) and SW480 cells 
(B)) were treated with 600 uM indomethacin for 24 or 48 hrs. Protein lysates were analysed by Western blot using 
antibodiess against total p-catenin, non-phosphorylated p-catenin. Met, Cyclin Dl and CD68. Blots were analyzed 
byy densitometry and each signal was normalized for loading by comparison with the appropriate p-actin signal 
(C).. Data shown are mean values  SD from 3 independent experiments. 
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Figuree 4. Dose-response analysis of the effect of indomethacin on TCF-regulated target genes. Western blot analysis of DLDI 
(A)) or SW480 cells (B) treated for 24 hrs with various concentrations of indomethacin. 
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Thee observation that NSAIDs decrease nuclear P-catenin in adenomas in vivo is of 
interest,, suggestig a direct link between the tumor suppressive effects of NSAIDs and the key 
defectt of colorectal cancer, i.e. deregulated Wnt-signaling. Mutations involving components of 
thee Wnt signaling cascade, specifically in APC or p-catenin, are essential for the initiation of 
colorectall  cancer. In the normal intestinal epithelium, these molecules are part of a multiprotein-
complexx in which P-catenin is phosphorylated by GSK-3P and targeted for degradation by the 
ubiquitin-proteasomall  pathway. Mutations in APC or P-catenin lead to dissociation of the 
complex,, causing accumulation of non-phosphorylated p-catenin, which translocates to the 
nucleuss and acts as a transcriptional co-activator of TCF transcription factors l5'16. Our 
observationn that sulindac treatment diminishes the nuclear accumulation of the transcriptional co-
activatorr p-catenin in adenomas of FAP patients in vivo suggests that NSAIDs exert tumor 
suppressivee effects by interfering with TCF-mediated transcription. In line with these in vivo data, 
wee observed that NSAID treatment of the CRC cell lines DLDI and SW480 suppresses TCF 
reporterr activity. Furthermore, NSAID treatment decreased the expression of the TCF target genes 
Mett [24] and Cyclin-D 1 25 in a time- and dose-dependent fashion. These suppressive effects were 
nott due to generalized transcriptional repression, since expression of CD68, a negatively regulated 
TCFF target gene26, was upregulated. 

NSAIDD treatment only led to a moderate decrease in total P-catenin levels. A similar 
findingg was reported by Smith and co-workers [14]. By contrast, Dihlmann et al. reported no 
appreciablee effect on p-catenin levels, although a change in TCF-mediated transcription was 
foundd [19]. We have no explanation for this discrepancy. However, the validity of our finding is 
supportedd by the observation that the decrease in non-phosphorylated P-catenin (which represents 
thee transcriptionally active portion of P-catenin) was more pronounced than the decrease of total 
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p-catenin,, suggesting a selective effect of NSAIDs on the pool of p-catenin that is involved in 
Wnt-signaling.. The CRC cells used in our study carry an APC mutation» preventing formation of 
thee APC/ Ji-catenin multiprotein complex. Therefore, it seems unlikely that the NSATD-induced 
decreasee in non-phosphorylated P-catenin is regulated by GSK-3P activity. Other pathways of p-
cateninn downregulation might involve caspase-mediated cleavage31, or inhibition of guanosine 
3',5*-cyclicc monophosphate (cGMP) phosphodiesterase, leading to increased cGMP levels and 
downregulationn of p-catenin, possibly via protein kinase G phosphorylation32. Also, NSAIDs 
mayy directly inhibit the translocation of p-catenin to the nucleus-

Takenn together, our findings demonstrate tiiat NSAIDs suppress TCF-mediated 
transcription,, presumably by preventing nuclear accumulation of active p-catenin. Our 
observationss provide insights in the pathways involved in chemoprevention of NSAIDs and could 
advancee the design of better cbemopreventive drugs. 
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Inn the 1920s and 1940s, respectively, Dr. Peutz [1] and 
Dr.. Jeghers [2] described a gastrointestinal polyposis 
syndromee characterized by specific melanin pigmenta-
tionss of the skin and mucous membranes, now called 
thee Peutz-Jeghers syndrome. 

Twoo doctors from two continents 

Johanness Laurentius Augustinus Peutz (called Jan) 
(Figuree 1) was born in the village of Uithuizen in 
northernn Holland on March 24th 1886. He was the First 
off  nine children of the principal of an elementary 
school.. After completing high school at the Catholic 
Seminaryy Rolduc, Jan Peutz studied medicine at the 
Universitiess of Groningen and Utrecht. He received his 
Medicall  Degree in 1914 and took his training in Interna] 
Medicinee in Rotterdam. In 1917 Peutz started to work 
att the Johannes de Deo Hospital (Westeinde Hospital) 
inn The Hague; later he became Chairman of the 
Departmentt of Internal Medicine there until his retire-
mentt in 1951. In 1921, he completed his thesis on pan-
creaticc disorders and diabetes in order to obtain his PhD 
degree.. Soon afterwards, he published a case report on 
aa family with gastrointestinal polyposis and distinctive 
pigmentationn of the skin and mucous membranes. Peutz 
wass a dedicated and beloved teacher with broad scien-
tifi cc interests. He inspired his pupil van Wijk to write 
hiss thesis, subtitled 'Peutz Disease', about the original 
familyy with this disease [3]. Peutz was married and had 
onee son. He died in The Hague, in 1957, at the age of 
711 years. During his life, Pèutz received numerous 
honorss and awards in recognition of both his social and 
medicall  achievements. 

Whenn Peutz published his observations on 'a very 
remarkablee form of familial polyposis', Harold Joseph 
Jegherss (Figure 2), who was born on September 26th, 
1904,, in Jersey City, New Jersey, USA, was 16 years 
oldd [4], He was fascinated by electricity, and ran his 
ownn radio station before he was admitted to Rensselaer 
Polytechnicc Institute to study electrical engineering. As 

aa freshmen, he became interested in medicine and 
changedd his major to biology. He graduated from the 
Westernn Reserve University Medical School in 
Clevelandd and went to Boston for his internship and 
furtherr training in Internal Medicine at Boston City 
Hospital.. Jeghers held his first faculty position as 
instructorr of the Department of Medicine at Boston 
University.. Later he was a faculty member of many 
institutionss throughout thé US. Early in his career, 
Jegherss developed the habit of collecting and system-
aticallyy filing articles from medical journals. His 
collection,, formally known as the Medical Index, is 
nowadayss still accessible as Jeghers Medical Index 
(www.jeghers.com).. During his Boston years, Jeghers 
saww several patients with intestinal polyposis and 
abnormall  pigmentation of the skin. The detailed descrip-
tionn of these patients, published is the New England 
Journall  of Medicine in 1949 [2], led to the identifica-
tionn of the syndrome, now named after him. Jeghers was 
marriedd and had four sons. He died in 1990. He was a 
respectedd medical educator, honoured with numerous 
awardss during his life. 

Peutz-Jegherss syndrome 

Itt appears likely that the identical twin sisters with dark 
pigmentt spots on their lips and oral mucosa, reported 
byy Connor in 1895 [5], were the first patients with 
Peutz-Jegherss syndrome to be described in the litera-
ture.. The association of these sisters with the Peutz-
Jegherss syndrome was the work of Jeghers and his 
colleagues,, reported in the 1949 publication [2]. It illus-
tratess Jeghers' remarkable knowledge of die literature. 
Ann illustration published by Hutchinson in 1896 [6]  was 
reproducedd in the papers from Jeghers et al. [21 and 
McGarrityy et al. [7]. One of the sisters died from 
intestinall  obstruction [8], the other from breast cancer 
[2],, However, the presence of polyposis was never con-
firmed. . 

CorrespondenteCorrespondente la: Josbert J. Keller, Department of Pathology, Academic Medical Center, Meibergdreef 9, 1105 AZ Amsterdam. 
Thee Netherlands; E-mail: j.j.keUer@amc.uva.nl 

66 6 

http://www.jeghers.com
mailto:j.j.keUer@amc.uva.nl


Peutz-JezhersPeutz-Jezhers Syndrome 

FigureFigure 1. Jan Peutz. 1951. 

TheThe initial report by Peutz [1] 

Onn December 6th, 1920, a 15-year-old boy was admitted 
too the Johannes de Deo Hospital in The Hague and 
wass seen by Dr. Peutz for anorexia, nausea, abdominal 
painn and weight loss. The boy also had numerous 
distinctivee pigment spots on his face (Figure 3). In 
hiss publication in the 'Nederlandsen Maandschrift 
voorr Geneeskunde* (Netherlands Monthly Journal of 
Medicine)) in 1921, Peutz wrote: 'When I saw the boy 
forr the first time, I thought that I saw someone I already 
knew,, such was his resemblance to an eleven-year-old 
boyy whom I had examined that summer and was 
referredd to me by colleague Kuynders because of the 
highlyy remarkable pigmentation on the face and the 
buccall  mucosa, with the remark that other family 
memberss apparently had the same spots. Proof was now 
indeedd established, since the two boys turned out to be 
brothers'.. The patient developed an ileus due to intus-
susceptionn of a small bowel polyp and underwent 
abdominall  surgery. Pathological examination of the 
resectionn specimen (Figure 3) by Professor Landsteiner 
showedd malignant degeneration of the polyp [1, 3]. 
Evaluationn of the family revealed a similar pattern of 
pigmentationn in four of the patient's siblings. For three 
off  the children, including the above-mentioned patient, 
intestinall  polyps were confirmed. In addition, two of the 
childrenn with pigmentation had nasal polyposis (Figure 
4).. In his concluding paragraphs, Peutz attributed the 
intestinall  polyps with malignant potential, the nasal 

FigureFigure 2. Harold Jeghers, 1988. 

polypss and the distinctive pigmentation to one congen-
itall  and familial syndrome, which he considered to be 
aa severe disorder. 

AA detailed description of the syndrome by Jeghers 
andand his colleagues [2] 

Inn March and October, 1939, two female patients with 
intestinall  polyposis and 'distinctive melanin pigmenta-
tion'' on the face, fingers, toes and oral mucosa visisted 
Bostonn City Hospital, where Jeghers was Associate 
Professorr of Medicine. Jeghers mentioned these cases 
brieflyy in his extensive publication 'Pigmentation of the 
skin'' in the New England Journal of Medicine in 1944 
[9].. Several other cases of intestinal polyposis and pig-
mentationn had also been reported, some of which were 
reviewedd in a French publication by Tourraine & Couder 
inn 1945, entitled 'Syndrome de Peutz' [10]. However, 
thee combination of polyposis and pigmentation of the 
skinn and mucous membranes was not established as a 
distinctt entity until 1949, when the syndrome was 
describedd in detail by Jeghers, then Head of the 
Departmentt of Medicine at Georgetown University, 
togetherr with Dr. Victor McKusick from the Department 
off  Medicine at Johns Hopkins University,1 and Dr. 
Kermitt Katz of the Boston City Hospital [2]. During his 
Bostonn years, Jeghers had collected information about 
severall  patients with the syndrome in collaboration with 
Katz.. McKusick, who had also collected several patients 
withh the stigma during his residency at Johns Hopkins, 
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FigureFigure 3. Figure reproduced from the publication of Peutz in 1921 
mucosa,, and the resection specimen with Peutz-Jeghers polyps. This 

FigureFigure 4. One of the patients from the original family who had both 
intestinall  and nasal polyps. The asymmetric appearence of the face 
aroundd the nose reflects the presence of severe nasal polyposis [3]. 
Picturee reproduced from the thesis of van Wijk [3]. 

[1],, showing the index patient with pigmentation on the lips and oral 
figurefigure was also printed in the paper by Jeghers et al. [2]. 

visitedd Jeghers at his home in Washington DC where 
theyy prepared the manuscript. Their paper, published 
inn two consecutive issues of the New England Journal 
off  Medicine in 1949, described 10 patients with poly-
posiss and pigmentation and included a review of the 
literature.. Follow-up of previously reported cases, col-
lectedd by means of personal communication with 
variouss authors, was also presented. One of these 
authorss was Peutz, who 'has very kindly supplied us 
withh further information on this family, permitting the 
constructionn of the fabulous family tree', which was 
includedd in the manuscript of Jeghers et al. They 
mentionn the paper of Peutz as 'the first specific refer-
encee in the medical literature concerning this disorder', 
ann article which was already listed in the Index Medicus 
att that time. Regarding the genetic interpretation of the 
syndrome,, Jeghers and colleagues (correctly) predicted 
thatt the explanation 'must be the presence of a single 
pleiotropicc gene responsible for both characteristics, the 
polypss and the spots'.2 

Peutz-JeghersPeutz-Jeghers syndrome 

Inn 1954, Bruwer introduced the eponym Peutz-Jeghers 
syndromee [11]. The polyps are now classified as hamar-
tomas.. As predicted by Jeghers et al. in 1949. the hamar-
tomatouss polyps and the pigment spots are indeed 
causedd by mutations in a single gene. In 1998, two 
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groupss independently reported germline mutations in 
thee tumor suppressor gene STK11 in patients with 
Peutz-Jegherss syndrome [12, 13]. Such mutations have 
subsequentlyy been identified in most patients with 
Peutz-Jegherss syndrome [7,14], although there may also 
bee a second unidentified Peutz-Jeghers gene [15]. 
Germlinee mutations in STKU were also found for the 
familyy described by Peutz [16] and the 'Harrisburg 
family'' [17], one of the families reported by Jeghers et 
al.. Both 'original families' have been followed over 
time.time. In 1950, van Wijk described the original family 
observedd by Peutz in his thesis [3] and recently a 78-
yearr follow up was published [16]. The latest fóllow-up 
off  the 'Harrisburg family' was reported by Foley et al. 
inn 1988 [18]. The clinical observations in the two 
originall  Peutz-Jeghers pedigrees reflect the main clinical 
problemss of the syndrome: abdominal pain, rectal blood 
loss,, anemia, intussusception of polyps leading to a 
highh laparotomy rate, and a very high cancer risk. Of 
note,, Peutz considered nasal polyposis to be a clinical 
featuree of the syndrome (Figure 4). Although the asso-
ciationn between nasal polyposis and Peutz-Jeghers 
syndromee has been mentioned occasionally by others 
[19,, 20], it is generally not considered an established 
extra-intestinall  manifestation of the syndrome. Recently, 
wee found loss of the wild type STK11 allele in nasal 
polypss of Peutz-Jeghers patients, similar to that in 
hamartomatouss Peutz-Jeghers polyps and carcinomas 
[1.7,, 21], providing molecular-genetic support for thé 
originall  observation made by Peutz [22] .3 

Peutz-Jegherss syndrome is now considered to be one 
off  the hereditary colorectal cancer syndromes, with a 
veryy high risk for intestinal and extra-intestinal cancer 
[23].. The need for surveillance has been recognized and 
guideliness have been proposed [7,14]. Still, many ques-
tionss regarding Peutz-Jeghers syndrome remain unan-
swered.. Detailed clinical descriptions and reports on 
largee cohorts of patients with this rare syndrome are 
neededd to further define the extra-intestinal phenotype. 
Furthermore,, the wide intrafamily and interfamily phe-
notyplcc variation may point to yet unidentified (genetic) 
modifierss of expression and genotype-phenotype cor-
relations,, respectively. Finally, molecular genetic studies 
aree needed to further unravel the process of Peutz-
Jeghers-syndrome-relatedd carcinogenesis. Eventually, 
suchh investigations may improve risk assessment, sur-
veillancee guidelines and future therapeutic modalities 
forr patients with mis remarkable syndrome. 
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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/ 
LKB11 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-ras 
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/LKBll 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-ras 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/LKBl 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^ticntjJfernilici 11 pattern* fan 7 EuniBc» 1 
Numberr of polyps 11 1 
Numberr «fcattioamM J 

55 futimtt faun 5 tirtubcs 
16 6 
1 1 

177 pitknti 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 
PATIENTSS 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 ISOLATION 
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 ANALYSIS 
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-ratt CODON 12 MUTATIONAL ANALYSIS 
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* 

IMMUNOHtSTOCHEMISTRYY 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 ANALYSIS 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 MUTATIONAL ANALYSIS 
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-

•Fragmentt 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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COX-22 expression and molecular alterations in Peutz-Jeghers hamartomas and carcinomas 

Abstract t 

Peutz-Jegherss syndrome (PJS) is a hamartomatous polyposis disorder with a high cancer 
risk.. Debate exists about the pre-malignant potential of hamartomas. Also, treatment options are 
nott available other than surveillance. Therefore, molecular alterations in hamartomas and PJS 
carcinomass were studied. The objective was (i) to evaluate expression of COX-2 as target for 
chemopreverttivee treatment and (ii) to define the neoplastic potential of hamartomas at the 
molecularr level. Paraffin-embedded samples of 24 PJS hamartomas, including 2 hamartomas with 
dysplasticc changes, and 11 PJS carcinomas were available. Slides were stained with antibodies 
againstt COX-2, B-catenin, cyclin-Dl, p2I wafl/cipl, KI67, and p53. DNA was studied for LOH at 
19pp (STK1J), 5q (APQ, and 17p (TP53); mutations m fi-catenin, APC and K-RAS; and MSI. 
Moderatee or strong epithelial CÖX-2 was present in 25% of hamartomas, including two 
hamartomass with dysplastic changes, and 64% of carcinomas. Several hamartomas showed focal 
nuclearr fi-catenin (18%) and cyclin-D 1 overexpression (29%), both unrelated to dysplasia at 
histologicall  examination. Disturbed topographical expression of Ki-67 in relation to p21wafl/cipl 
wass focally present in 27% of hamartomas, including those with dysplastic changes. Most 
carcinomass showed nuclear fi-catenin (71%), cyclin-Dl overexpression (71%) and aberrant Ki-67 
stainingg (100%). There was LOH at 19p in 32% of hamartomas and 82% of carcinomas. p53 
stainingg was present in 4 (36%) carcinomas, one of which showed LOH at 17p. No 8-catenin 
mutationss were found. APC mutations were present in 2 carcinomas, but LOH at 5q was not 
found.. Two carcinomas had K-RAS mutations, and one carcinoma had MSI. The presence of 
COX-22 expression in PJS carcinomas and dysplastic hamartomas provides a rationale for 
chemopreventionn with NSAJDs or COX-2 inhibitors. Focal immunohistochemical changes, which 
mayy indicate a pre-malignant potential, were present in some non-dysplastic PJS hamartomas. 
Molecularr changes in carcinomas and dysplastic hamartomas in PJS are distinct from the usual 
adenoma-carcinomaa sequence. 

Introduction n 

Peutz-Jegherss syndrome (PJS) is a rare autosomal dominant disorder, caused by a 
germlinee mutation in the STKJJ/LKBlgene on chromosome 19pl3.3 12. PJS is characterized by 
hamartomatouss polyps throughout the gastrointestinal tract and melanin pigmentation of the skin 
andd mucous membranes3"6. PJS patients have an increased risk of cancer at relatively young age7. 
Malignanciess occur in the gastrointestinal (GI) tract and a variety of extra-gastrointestinal sites. 

Too date, carcinogenesis in the PJS is poorly understood. Malignant transformation of 
hamartomass appears rare6'8* 9, and PJS related carcinomas do not necessarily develop through a 
hamartoma-adenoma-carcinomaa sequence similar to the adenoma-carcinoma sequence in sporadic 
colorectall  carcinoma (CRC). The latter is driven by an accumulation of well characterized genetic 
alterationss in tumor suppressor genes and oncogenes, including APC, K-RAS and TP53 . 
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Inactivationn of APC or activation of 6-cateran prevents the degradation of 0-cateain, which then 
accumulatess in the nucleus of tumor cells, resulting in 6-catenin/TCF mediated transcription of 
targett genes, amongst which is cyclin-Dl  u. Oncogenic activation of this pathway is considered 
necessaryy for the initiation of colorectal dysplasia. At the cell kinetic level, dysplasia in the 
gastrointestinall  tract is characterized by disturbed topographical expression of the proliferation 
markerr Ki-67, normally restricted to the crypt base, and p21 wafl/cipl, a cell cycle inhibitor 
normallyy expressed by non-replieative upper crypt and surface cells u . In patients with hereditary 
non^polyposiss colorectal cancer (HNPCC) and in a minority of sporadic CRCs, carcinogenesis is 
drivenn by mismatch repair (MMR) deficiency, reflected by microsatellite instability (MSI) 
throughoutt the genome10. 

Importantly,, the adenoma-carcinoma sequence can be inhibited or reversed by NSAIDs 
andd selective cyelooxygenase-2 (CÖX-2) inhibitors, which are considered promising 
chemopreventivee agents I3, w. The main target of these drugs is cyclooxygenase-2 (COX-2), 
involvedd in the conversion of arachidonic acid into prostaglandins, which interfere with processes 
suchh as apoptosis and angiogenesis 15, '6. COX-2 is not expressed under physiological conditions, 
butt is induced by inflammation and neoplasia. Expression occurs early in the adenoma-carcinoma 
sequence,, and is found in both epithelial and stromal cells within tumors 17. Recently, COX-2 
expressionn was also reported in hamartomas from PJS patients and StkWDfol heterozygous 
mice,, which provide a murine model for PJS 18. Whether COX-2 expression occurs in carcinomas 
hass sot been evaluated. 

Insightss in the molecular pathogenesis of PJS may help to define the neoplastic potential 
off  hamartomas and guide chemopreventive treatment strategies. Previous studies reported loss of 
heterozygosityy (LOH) at Üa&STKll/LKBl locus 19pl3.3 in hamartomas and carcinomas from 
Peuiz-Jegherss patients 1M3. Also, somatic mutations in STK1 1/tKBl were found in hamartomas 
withoutt LOH at 19pl3.3 n. However, alterations 'mAPC, K-RAS and TP53 were relatively rare 
whenn compared to the adenoma-carcinoma sequence, suggesting an alternative pathway of 
carcinogenesiss 20'2I. Miyaki et at. reported fi-catenin mutations in large hamartomas, implicating a 
possiblee neoplastic potential of these lesions22. The present study further explores the molecular 
pathogenesiss of PJS hamartomas and carcinomas, extending our previous work-20,21. Expression 
off  COX-2, apossible therapeutic target, fl-catenin, cyclin-Dl, p21wafl/cipl, Ki67andp53 was 
evaluated.. In addition, DNA from hamartomas and carcinomas was investigated for mutations in 
APC,APC, fi-catenin (CTNNB1), and K-ras; LOH at 19p (Smi-locus), 5q (^PC-locus), and 17p 
(7P55-10CUS);; and MSL 

Materialss and methods 

PatientsPatients and tissue samples: 
Thee study population consisted of 19 PJS patients from 15 different families. The 

diagnosiss Peutz-Jegherss syndrome was confirmed by histological examination of hamartomas by 
ann experienced pathologist (GJAO). Mutational analysis revealed STKI1/LKBJ gennline 
mutationss in 16 patients from 12 families, most of which have been published previously 20'u'25. 
Twenty-fourr hamartomas (stomach, n=l; small boweL n=16; colorectal n=7), including 2 
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hamartomass with adenomatous (dysplastic) changes, and 11 carcinomas were available for study. 
Sampless were formalin-fixed and paraffin-embedded, except the hamartomas with adenomatous 
changess (n=2), which were fixed in Hollande's fixative, precluding the assessment with PCR-
basedd techniques. 

MicrodissectionMicrodissection arid isolation of DNA: 

Paraffin-embeddedd tissue was cut into 5 nm sections, and mounted onto PALM, or glass 
slides.. Slides were deparaffinized and stained with hematoxylin. Epithelium from hamartomas 
andd carcinomas was microdissected with the PALM® Laser Microbeam System, or by hand if 
largee fields of tumor cells were present. Wild type DNA was obtained from surrounding stromal 
cells.. DNA was isolated from microdissected tissue with the Puregene DNA purification system 
(Gentraa Systems, Minneapolis, MN). 

Immunohistochemistry: Immunohistochemistry: 
Hamartomass and carcinomas were studied with immunohistochemistry as described 

previously26,, using monoclonal antibodies against: COX-2, #160112 (Cayman Chemical, Ann 
Arbor,, MI) at a dilution of 1:100; B-catenin, clone 14 (Transduction Laboratories, Lexington, KY) 
att a dilution of 1:1000; cyclin Dl, ab-1 (Neomarkers, Union City, CA), at a dilution of 1:1000; 
p21WBfl,, ab-1 (Oncogene Research Products, San Diego, CA) at a dilution of 1:25; Ki-67, M1B-1 
(Dako,, Glostrup, Denmark) at a dilution of 1:200; and p53, DÖ7 (Dako, Glostrup, Denmark) at a 
dilutionn of 1200. A known p53 positive colorectal carcinoma was used as a positive control for 
p533 staining. The staining pattern in the adjacent normal mucosa was used as a marker for specific 
stainingg of B-catenin, cyclin-Dl, p21, and Ki67. To assess the specificity of the COX-2 antibody, 
aa subset of adenomas was stained with the primary antibody after pre-adsorption of a human 
COX-22 control peptide (Cayman Chemical, Ann Arbor, MI) for 1 hour at room temperature. This 
resultedd in blocking of COX-2 staining of samples fixed in formalin or Hollande's fixative. 
Stainingg of normal mucosa served as control for the specificity of immunohistochemistry in 
Hollande'ss fixed samples; the staining pattern appeared reliable for all antibodies tested. 

Slidess were scored by an experienced gastrointestinal pathologist (GJAO). Epithelial 
COX-22 staining, and staining of stromal cells underlying the epithelium was assessed separately 
inn a semiquantitative manner on a scale from 0-+++ (0: no expression; +: weak staining; ++: 
moderatee staining; +++: strong staining). Nuclear accumulation of B-catenin was scored 
seraiquantitatively,, using a scale from 0-+++ (0: no expression; +: <5% positive nuclei; ++: <25% 
positivee nuclei; +++: >25% positive nuclei). Nuclear B-catenin staining which was restricted to 
thee proliferative compartment, as found in the normal small intestinal mucosa, was not scored. 
p533 andcyclin-Dl staining were considered positive if >10% of nuclei stained positive27,28. 
Compartmentalizationn of p21 wafl/cip 1 and Ki-67 was judged by comparing the two staining 
patterns.. Loss of normal topographical control was considered positive if expression of p21 and 
Ki-677 occurred in the same area of epithelium12. 

AnalysisAnalysis ofLOH and MSI: 
Hamartomass and 6 of the 11 carcinomas were previously evaluated for LOH at 19pl3.3 

(STKU/LKBl),(STKU/LKBl), 17p (TP53) and 5q21 (APC). The remaining carcinomas were investigated for 
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LOHH as described previously2e, using the following markers (for primer sequences see 
www.gdb.org):: D19S886, D19S565, D19S883 and D19S8I4 at I9pl3.3; D5S34Ó, D5S107 and 
D5S822 at 5q21; and p53alu, TP53 and D17S796 at 17p. Hamartomas and carcinomas were 
screenedd for MSI using the BAT26 marker. PCR products were analyzed using an automated 
ABD777 sequencer and the Genescan 2.1 software (PE Biosystems, Foster City, CA). If MSI was 
foundd with the BAT-26 marker, or a shift was noted with any of the other markers tested for LOH, 
MSII  analysis was performed according to the Bethesda-criteriaZ9 and irnmunohistochernical 
stainingg for hMLHl, hMSH2 and hMSH6 was performed as described previously 30. 

AnalysisAnalysis of mutations mAPCfi-catenin (CTNNBJ), and K-RAS: 
DNAA from hamartomas was screened for mutations in the APC mutation cluster region 

(MCR)3II with denaturating gradient gel electrophoresis (DOGE)32. In addition, DNA from 
severall  hamartomas was directly sequenced for confirmation of DGGE results. DNA from 
carcinomass was directly sequenced. Four overlapping fragments spanning the MCR were 
amplifiedd using the following primers: 5'-GAAATAGGATGTAATCAGACGA3' & 5'-CGCTC 
CTFAAFAAAATTCAAC-3'' for fragment I; S'-ACTGCAGGGTTCTAGTTTAT-S' & 5'-GAGCT 
GGCAATCGAACGACT-3**  for fragment H; 5TACTTCTGTCAGTTCACrrGAT3' & S'-ATTT 
TTAG^TACTTCTCGCTTG-3'' for fragment ID; and 5'-AAACACCTCCACCACCTCCT-3' 8c 
5'-GCATTATTCTTAATTCCACATCC -3' for fragment IV33. PCR reactions were performed in a 
finall  volume of 20 ul with 1.5 unit platinum taq polymerase and 2.5 mM MgCfe. The annealing 
temperaturee was 52° C for fragments I and H, and 56° C for fragments III and IV. For DGGE, a 
GC-clampp was attached to one of the primers. PCR products were run for 7 hours at 150 volts on 
aa 10% polyacrylamide gel with a denaturating gradient from 20% (8.4 % urea; 8% formamide) to 
70%% (29.4% urea; 28% formamide). DNA was visualized using a silver staining protocol 
Sequencingg of PCR products was done in both directions using the above mentioned primers with 
thee Dye Terminator Cycle Sequencing Ready Reaction (Perkin Elmer, Foster City, CA) in a final 
volumee of 10 ul. Sequences were analyzed using the ABI377 automatic sequencer and Genescan 
2.11 software (PE Biosystems, Foster City, CA). Activating mutations in the APC-binding domain 
off  B-catenin were assessed in DNA from hamartomas and carcinomas, using primers for exon 3 of 
Jj-cateninJj-catenin u. Sequencing was performed as described above. K-RAS mutations in hamartomas and 
66 PJS carcinomas were previously reported. A modified method was used for K-RAS mutation 
analysiss in the remaining carcinomas. DNA was amplified with primer A (5*-ACTGAATATAA A 
CTTGTGGTAGTTGGACCT-3,)) and D (5'-CATGAAAATGGTCAGAGAAACC-3'). First 
roundd PCR products were digested with BstNl (New England Biolabs, Beverly, MA) at 60°C 
duringg 1 hour. Digested (mutant enriched) DNA was amplified in a second round PCR using 
primerr B (S'-TCAAAGAATGGTCCTGGACC-S') and a modified primer A, to which a 5'-
CTCGCA-taill  was added. K-RAS codon 12, which lies immediately downstream of primer A, was 
thenn sequenced in two directions, using forward sequence primer 5*-CTCGCAACTGAATATAA 
ACTTGTG-3',, and primer B. Mutations were always confirmed by a second experiment with 
DNAA from a separate PCR as template. 
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Results s 

Fromm 19 PJS patients, 24 hamartomas, ranging in size from 6 to 65 mm (median 2Q mm), 
andd 11 carcinomas were studied. Two hamartomas had dysplastic changes. Seven of the 
carcinomass originated in the gastrointestinal tract. Hamartomas and carcinomas were investigated 
forr molecular alterations involved in the adenoma-carcinoma sequence. Changes in the expression 
patternss of COX-2, B-catenin, cycIin-Dl, Ki-67 andp21wafl/cipl were assessed. LOH analysis 
wass performed for the 57X7 J, APC> and TP53 loci; mutations mfl-catenin, APC, and K-RAS were 
investigated;; and MSI was tested. The results are listed in Tables 1-3. 

Tablee 1: Results of epithelial and stromal COX-2 staining in PJS-related hamartomas, dysplastic hamartomas and carcinomas, COX-
22 expression was assessed semi quantitatively as negative, weak, moderate or strong. Stromal staining was only assessed in Gl 
carcinomas. . 

EpithelialEpithelial COX-^2 expression 

negatwenegatwe (%) weak (%) moderate (%) strong (%) 

Hamartomas,, n=22 12(55) 6(27) 2(9) 2(9) 
Dysplasticc hamartomas, n=2 2 (100) 
Carcinomas,, n=I I 3 (27) 1 (9) 4 (36) 3 (27) 

StromalStromal COX-2 expression 

negativenegative (%f weak f%f moderate fify strong (%} 

Hamartomas,, n=22 10 (45) 6 (27) 5 (23) 1 (5) 
Dysplasticc hamartomas, n=2 2 (100) 
Gl-carcinómas,, n=7 5(71) 1(14) 1(14) 

COX-2COX-2 expression: 
Epitheliall  and stromal COX-2 expression were assessed semiquantitatively in hamartomas 

andd carcinomas (Table 1). COX-2 expression was present in 10 out of 22 (45%) hamartomas 
withoutt dysplasia. However, only 4 (18%) non-dysplastic hamartomas had focally moderate or 
strongg COX-2 staining, which was diffusely observed in two hamartomass with dysplastic changes, 
andd 7 out of 11 (64%) carcinomas (Table 1 and 3)(Figure IA-D), In hamartomas without 
dysplasticc changes, moderate or strong epithelial COX-2 expression was only found in colorectal 
andd not in small intestinal cases, whereas a duodenal hamartoma with dysplasia and one out of 
threee small intestinal carcinomas showed moderate or strong COX-2 staining. Stromal COX-2 
expressionn was focally present beneath the luminal surface epithelium in 12 out of 22 (55%) 
hamartomass without dysplasia. Six of these (27%) showed moderate or strong staining. Both 
dysplasticc hamartomas had strong stromal COX-2 expression (Figure 1C). In contrast, out of 7 
Gl-earcinomass one (14%) had weak and one (14%) had moderate stromal COX-2 staining. 
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Stromall  COX-2 expression was not related to epithelial COX-2 expression. Also, COX-2 staining 
inn hamartomas was not related to polyp size. 

Figuree 1. Immunohistochemical staining of COX-2, B-catenin and cyclin-Dl in hamartomas and carcinomas from PJS patients. A: 
Epitheliall  COX-2 expression in non-dysplastic hamartoma. B and C: Hamartoma with dysplasia (B, H&E staining), showing 
epitheliall  and stromal COX-2 expression (C). Frame in B covers high power field shown in C. D: COX-2 expression in a colon 
carcinoma.. E and F: Nuclear accumulation of B-catenin and loss of membranous B-catenin in a hamartoma (E) and gastric 
carcinomaa (F). G and H: Nuclear over-expression of cyclin-Dl in a hamartoma (G) and a small intestinal carcinoma (H). 

APC/fi-cateninAPC/fi-catenin pathway: 
Activationn of the APC/B-catenin pathway (Wnt-pathway), reflected by nuclear 

accumulationn of B-catenin (scored as ++ or-m-), was found in 17% of hamartomas, focally 
clusteredd in areas of several crypts and in 71% of the GI-carcinomas (n=7)(Figure l.E-F), but not 
inn extra-intestinal carcinomas (Table 3). Nuclear overexpression of cyclin-Dl, which may be a 
transcriptionall  target of the APC/B-catenin pathway, was found focally in 29% of hamartomas, 
andd in 71% of GI-carcinomas (Figure l.G-H). In hamartomas, there was no correlation between 
cyclin-Dll  overexpression and nuclear B-catenin staining (P>0.05). Dysplasia was absent in crypts 
withh nuclear B-catenin or cyclin-Dl, which showed reactive changes. Positive staining did not 
relatee to polyp size. Mutations 'mfi-catenin were not found in hamartomas or carcinomas, nor in 
DNAA from laser-assisted micro-dissected hamartomatous crypts from 5 different areas with 
nuclearr B-catenin staining within 3 hamartomas. Mutations in the APC-MCR. were only present in 
twoo carcinomas. Previously, DGGE suggested the presence of 4 APC mutations in PJS 
carcinomass 21. However, sequencing revealed two carcinomas with a frame-shift mutation in 
additionn to two cases with a polymorphism at codon 1493 (ACG>ACA). LOH at the APC-locus 
5qq was not found. 

EpithelialEpithelial kinetics: 
Mostt hamartomas retained the normal topographical relationship of Ki-67, restricted to 

thee crypt base, and p21wafl/cipl, expressed at the upper parts of the crypts and epithelial surface 
(Figuree 2.A-B). However, 4 hamartomas without dysplasia (20%) had abnormal co-expression of 
Ki-677 and p21wafl/cipl at the surface and upper crypt epithelium (Figure 2.C-F). Altered 
expressionn was not related to polyp size. Re-examination of crypts with altered expression 
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patternss showed reactive changes (Figure 2.D). Superficial Ki-67 staining, intermingled with 
p21wafl/cipll  positive cells, was furthermore present in both hamartomas with dysplastic changes 
(Figuree 2.G-I) and aberrant Ki-67 staining was present in all GI carcinomas. Only one carcinoma 
withh certified adjacent hamartomatous epithelium was available, showing that Ki-67 staining 
sharplyy demarcated the transition between hamartomatous and dysplastic cells (Figure 2.J-L). 

Figuree 2: Immunohistochcmical staining of p21 (A, F, 1. L) and Ki67 (B. C, E. H, K) in normal 
mucosa,, hamartomas, and carcinoma from PJS patients. A, B: p21 expression at the upper crypt 
andd surface epithelium of normal colonic crypts (A), and Ki-67 positive cells restricted to the crypt 
basee (B). C-F: hamartoma with focal disturbance of topographically controlled expression of Ki-67 
andd p21, with loss of mutuality. The frame in C marks fields presented in D-F. Ki-67 is restricted to 
thee crypt base outside the frame (C). However focally there are crypts with superficial Ki-67 
positivee cells (E), which also express p21 (F). Those crypts show reactive changes (D). G-I: 
dysplasticc crypts within a hamartoma (G, frame covers high power fields shown in H and I) with 
superficiall  Ki-67 positivity (H) and intermingled p21 expression (I). J-L: Dysplasia continues with 
infiltratingg carcinoma (dys/ca) and adjacent hamartomatous crypts (Ha) (J, frame covers fields 
shownn in K and L). Aberrant Ki-67 expression marks the transition to dyplasia (K): p21 is 
expressedd in both components (L). 

p53,p53, K-RAS mutations and MSI: 
Positivee p53 staining, indicating the presence of mutant p53 protein, was not observed in 

hamartomas,, but occurred in 4 out of 11 carcinomas, one of which showed LOH at the TP53-
locuss 17p. LOH at the STK1 /-locus 19pl3.3 was (previously) detected in both hamartomas (32%) 
andd carcinomas (73%). K-RAS codon 12 mutations were found in 2 carcinomas. One carcinoma 
wass MSI-positive according to the Bethesda-criteria29 and showed loss of hMLH-1 staining, 
presumablyy due to somaticc inactivation. 
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Tablee 2: Alterations in hamartomas with and without dysplastic changes and carcinomas from patients with Peutz-Jeghers syndrome, 
tomunohistocheraicajtomunohistocheraicaj assessmeat of p53, the analysis of LOH at 19p, 5qand I7p, and %.-RAS mutational analysis of hamartomas 
andd t> carcinomas was published previously**'. 

Nuclearr B-catenin (tHC) 

Cyclïn-Dll (IHC) 

Losss of topographical control of Ki-67 and p212 

p53MC C 

LORLOR {9p(S7KJl-locus) 

LOHH 5q (APCAocm) 

LOHl7p(7P55-locus) ) 

fl-cateninfl-catenin mutation 

APCAPC mutation 

K-RASK-RAS mutations 

MSI I 

hamartomas s 
noo dysplasia 
it=22 2 

4/22(18%) ) 

77 / 22 (32%) 

44 / 20 (20%) 

0 /22 2 

77 / 22 (32%) 

0/22 2 

0 /22 2 

0 /22 2 

0 /22 2 

0 /22 2 

0 /22 2 

hamartomas s 
dysplasia' ' 
n=2 2 

0/2 2 

0/2 2 

2/2 2 

0/2 2 

nt t 

nt t 

nt t 

m m 

nt t 

nt t 

nt t 

carcinomas s 

n=ll l 

5/11(45%) ) 

66 /11 (55%) 

6 /66 (100%) 

4/111 (36%) 

8/111 (73%) 

0/11 1 

1/10(10%) ) 

0/11 1 

2/11(18%) ) 

2/11(18%) ) 

11 / 11 (9%) 

1.. Both hamartomas with dysptastic changes were fixed in Hollande's fixative, precluding the use of PCR-hased assays, nt=not tested 
2.. Assessed in hamartomas and GI-careinomas. No reliable staining in 2 hamartomas and 1 carcinoma presumably due to technical 
reasons s 

Discussion n 

PJSS is a hereditary cancer syndrome» in which thé pathogenesis is not well understood. As 
yet,, a pre-malignant potential of hamartomas has not been established, and no treatment options 
aree available, other than surveillance to detect carcinomas at as early stage. The objective of the 
presentt investigation was to evaluate the expression of COX-2 in PJS tumors as potential target 
forr chemopreventive treatment, and to further define a pre-malignant nature of hamartomatous 
polypss at the molecular level, Moderate or strong epithelial COX-2 expression was found in a 6 
outt of 24 hamartomas, including two hamartomas with dysplastic changes, and in 7 out of 11 
carcinomas,, providing a rationale for chemopreventive treatment with NSAIDs or COX-2 
inhibitors.. Furthermore, few molecular alterations associated with the adenoma-carcinoma 
sequencee were found in hamartomas, although nuclear B-catenin, overexpression of cyclin-Dl, 
andd a disturbed topographical relationship between p21wafl/cipl and Ki-67 were focally present 
inn a subset of cases. These alterations may reflect early progression of a hamartoma-adenoma-
carcionomaa sequence. However, no underlying genetic alteration was found. 

Epidemiologicall  studies have shown a protective effect of NSAIDs against colorectal 
adenocarcinoma,, and to a lesser degree against cancer of the esophagus, stomach, breast, lung, 
prostate,, urinary bladder and ovary35. Also, the NSAID sulindac causes adenoma regression in 
patientss with FAP36. The main target for NSAIDs appears to be COX-2, which is overexpressed 
inn many malignant and pre-malignant gastrointestinal tumors37. The mechanism of COX-2 
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Tablee 3: Results of immimohistochemistry (IHC) and the analysis of LÖH and somatic mutations in Petuz-Jeghere carcinomas 
(n=ll  1). Previously reported carcinomas are marked as * J0- l l , ns = no reliable staining, ni = non-informative. 

Sitee COX2 6-catenm IHC cyciin-Dt loss of compartin l9p p53 IHC/ So, LOH/ K-ras MSI 
IHCC /mutation IHC p21 /tCi-67 LOH 17pLOH APCmutation mutation 

Stomach* * 

Small l 

bowel* * 

smalll  bowel* 

SmallSmall bowel 

Colon* * 

Colon* * 

Colon n 

Pancreas* * 

pancreas s 

nasopharynx x 

lung g 

, , 
+ + 

--
--
+ + 

--
+ + 

+ + 

+ + 

+ + 

+ + 

++  /-

++ /-

++ / -

-/--
++ /-

++ /-

-/--

-/--
-/--/-
-/--
-/--/-

+ + 

+ + 

+ + 

--
--
+ + 

+ + 

--
--
--
+ + 

+ + 

+ + 

ns s 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

--
+ + 

+ + 

* * 

+ + 

+ + 

--
+ + 

-/--
 + 

-/--
++ /-

-l~ -l~ 

-/--
++ / -

W --

-/--
- /ni i 

++ / -

-/--

-/--
-/--
-/--
- // + 

•• (• 

• - // + 

-/--
-/--
-Ï--Ï-

--

--
• • 

--
+ + 

--

--
--
+ + 

--

--

--
--
--
--
+ + 

--
--
--
--

overexpressionn during carcinogenesis is unknown. Overexpression may lead to resistance against 
apoptosis,, disturbed adhesion and increased angiogenesis 15,I6'3*, The role of COX-2 in colorectal 
carcinogenesiss was established by the observation that polyp development was decreased in 
Apca7166 mice crossbred with Cox-2 knockout mice38,39. Also selective COX-2 inhibitors decrease 
thee number of adenomas in patients with FAP and mouse models of FAP39"41. Therefore, sutindac 
andd COX-2 inhibitors are considered promising chemopreventive agents, although clinical use is 
stilll limited to patients with FAP l4. The high cancer risk in PJS, however, points to the need for 
chemopreventivee strategies for those patients as well. Recently, Rossi et al, reported COX-2 
overexpressionn in 16 of 23 (70%) PJS polyps I8. We found epithelial COX-2 expression in 10 out 
off 22 (45%) of non-dysplastic hamartomas, although moderate or strong expression was only 
foundd in 4 (18%) cases. However, the finding of moderate or strong COX-2 staining in 7 of 11 
PJSS carcinomas and in the two hamartomas with dysplastic changes particularly justifies further 
investigationn of the chemopreventive value of NSALDs and COX-2 inhibitors against intestinal 
andd extra-intestinal carcinomas in PJS patients. The discrepancy in the number of hamartomas 
withh COX-2 up-regulation in our study compared to the report of Rossi et al may relate to 
demographicc differences, subtle differences in fixation or staining protocols, or to the site of 
hamartomas,, since we only found COX-2 overexpression in colorectal hamartomas. In adenomas, 
COX-22 expression has been described in epithelial cells, and in stromal cells. Stromal COX-2 
expressionn may be found in activated macrophages 17 or endothelial and stromal cells 42. Stromal 
COX-22 expression was present in 55% of PJS hamartomas, corresponding to colorectal adenomas 
17,42,, whereas it was only found in two PJS-carcinomas. Stromal COX-2 expression may be 
inducedd by a local inflammatory response, triggered by tumor cells or mechanical stress in 
protrudingg tumors. A role in angiogenesis has been proposed38. 
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Molecularr studies may help to define the pre-malignant potential of PJS hamartomas. 
LOHH of theSTA7/-locus 19pl3.3 was previously reported in --40% of PJS hamartomas2<W2. Few 
studiess addressed additional alterations is hamartomas. Miyaki etal fwnd fi-catenin mutations in 
19%% óf hamartomas. He noted that mutations were related to large polyp size, and restricted to a 
subsett of cells within a hamartoma22, suggesting a role for fi-catenin in progression of the 
hamartoma-adenoma-carcinomaa sequence. The present study failed to detect mutations in Ö-
cateninn in hamartomas or carcinomas from PJS patients. Still, nuclear B-catenin was found in 
hamartomass and GI-carcinomas from PJS patients, suggesting activation of the APC/0-caténin 
pathway.. The lack oïfi-catenin mutations in our study may reflect activation of this pathway by 
otherr mechanisms, such as inactivation of APC or mutations in other genes involved, such as 
AXJN1AXJN14343.. We did not find LOH of the ̂ .PC-Iocus in hamartomas nor carcinomas, and a mutation 
inn the APC-MCK was only present in two carcinomas from PJS patients. However, this finding 
doess not exclude inactivation of APC by mutations outside the MCR or by CpG-isIand 
hypermethylationn of the promotor region, as has been described in a PJS tumor by Esteller et aL44. 

Inn the absence of underlying genetic alterations, the significance of focal 
immunohistochemicall  changes associated with the adenoma-carcinoma sequence in hamartomas 
remainss uncertain. It is noteworthy that nuclear B-catenin was not associated with focal expression 
off  cyclin-DI or disturbed topographical control of p21wafl/cipl. Furthermore, crypts staining 
positivee with one of the immunohistochemical markers remained negative for dysplasia after re-
examinationn of H&E stained slides, but showed reactive changes, possibly explaining alterations 
inn cell cycle regulating markers. Finally, polyp size did not correlate to positive staining of anyy of 
thee immunohistochemical markers described in our study. Taken together, the present study could 
nott define a neoplastic potential of hamartomas at the molecular level, besides the previously 
reportedd finding of LOH at the STKll locus 19pl3.3 in a subset of hamartomas. The grossly 
normall  topographical controll  of the expression of p21wafl/cipl and Ki-67 is suggestive of a 
benignn growth pattern12. However, the finding of fi-catenin mutations in large hamartomas by 
Miyakii  et at u could represent a changed growth pattern in such lesions. Most hamartomas in PJS 
patientss occur in the small intestine ̂ 45, whereas carcinomas are more often found in the colon7, 
suggestingg that colorectal hamartomas carry more potential for progression than small intestinal 
hamartomas.. We did not find molecular support for such a difference, although COX-2 
overexpressionn was only found in colorectal hamartomas. Malignant transformation of 
hamartomass has been described 6'8'46. One carcinoma with certain adjacent hamartomatous 
epitheliumm was available for our study. In this case, aberrant Ki-67 staining sharply demarcated 
thee transition to dysplasia. Also, Ki-67 positive cells were found at the surface and upper crypt 
epitheliumm in two hamartomas with adenomatous dysplastic changes. Thus, the localization of Ki-
677 expression could be useful as marker to discriminate between dysplastic and hamartomatous 
crypts. . 

Inn conclusion, we show CÖX-2 expression in PJS tumors, pointing to the potential value 
off  chemopreventive treatment with NSAIDs or COX-2 inhibitors against PJS carcinomas. The 
molecularr alterations in hamartomas and PJS carcinomas appear distinct from the adenoma-
carcinomaa sequence. In particular, alterations related to dysplastic growth were only focally 
present,, and found in a minority of the hamartomas. The significance of these changes remains 
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uncertain,, and further studies are needed to define the neoplastic potential of hamartomas at the 
molecularr level. 
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Molecularr Genetic Evidence of an Association between Nasal 
Polyposiss and the Peutz-Jeghers Syndrome 

TOO THE EDITOR: The Peutz-Jeghcrs syndrome is an autosomal 
dominantt disorder characterized by hamariomatous polyposis of the 
gasrrointestinall  tract, melanin pigmentation of the skin and mucous 
membranes,, and an increased risk for cancer (1, 2). It is caused by a 
germlinee mutation in the STKII/LKB1 gene on chromosome 
19pl3.33 (2). Hamartomas and carcinomas in patients with the 
Peutz-Jeghcrss syndrome show loss of heterozygosity at chromosome 
19pl3.3,, indicating inactivarion of the wild-type STKll/LKBI gene 

(3). . 
Peurzz described the first family with the Peutz-Jeghers syn-

dromee as having "a highly remarkable combination of polyposis of 
thee mucosa of the intestinal tract and of die nasophatynx, together 
withh typical mucocutaneous pigmentations" (1). Although nasal pol-
yposiss in affected patients has been mentioned occasionally (4, 5), it 
iss not a recognized extraintestinal manifestation of die disease. Con-
sequendy,, we used a molecular genetic approach to investigate the 
associationn between nasal polyposis, the Peutz-Jeghcrs syndrome, 
andd STKll/LKBI. 

Wee studied 4 patients with the Peutz-Jeghers syndrome who came 
fromm 3 families with known germline mutations in STK11. Twelve nasal 
polypss from rhese 4 patients were available for study. We also analyzed 
288 sporadic nasal polyps from 28 controls without evidence of the 
Peutz-Jegherss syndrome, the Kartagencr syndrome, cystic fibrosis, or 
aspirinn sensitivity. Polyp DNA was isolated from microdissccted polyp 
epithelium,, and wild-type DNA was isolated from stromal inflammatory 
cells.. Loss of heterozygosity was assessed by comparing polyp DNA with 
normall  DNA. as described elsewhere (3). The markers used were 
D19S8866 and D19S565 (www.gdb.org), flanking the STKll/LKBI 

genee on chromosome I9pl3.3. Blood samples for haplotypc analysis 
weree collected from affected and nonafrected family members of a pa-
dentt widi the Peutz-Jeghers syndrome and nasal polyposis to determine 

Figure.Figure. Loss of heterozygosity at 19p13.3 in nasal polyp 
DNA,, and haplotype analysis confirming loss of the 
wild-typee allele. 

Normal l Polyp p 

B B 
m.1 1 

17»» bp 
1177 bp 
1899 bp 

4 4 

O O 

i i 
17** bp 
«77 bp 

A.. Loss of heterozygosity with marker D19S886 in nasal polyp DNA 
comparedd with normal DNA from patient IH.1, analyzed with the 
ABI3777 sequencer and Genescan software (PE Biosystems. Foster City. 
California).. The peaks represent the two alleles (179 base pairs and 187 
basee pairs). In polyp DNA, the allele with 179 base pairs is lost; the small 
peakk represents contamination with normal DNA from inflammatory or 
stromall  cells. B. Marker D19S886 was used to analyze normal DNA 
fromm patient 111.1, his spouse, and affected and nonaffected offspring. 
Thee allele with 179 base paits from patient HI.1 does not segregate with 
thee Peutz-Jeghers syndrome; that is, the allele with 187 base pairs C) 
containss the germline mutation responsible for the Peutz-Jeghers syn-
drome.. Consequently, loss of heterozygosity in the nasal polyp of patient 
III. ll  results in retention of only the mutant allele. 

whichh 19pl3.3 allele segtegates widi the Peutz-Jeghers syndrome. The 
medicall  ethics committee of the University Hospital Rotterdam, Rotter-
dam,, the Netherlands, approved the protocol, and all participants pro-
videdd informed consent. 
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Inn two unrelated patienls wfah rite Peatt-Jejjbea syndrome, 
fourfour of right Mtti polyps showed lost of hctcroaygpsuy at I9pl33. 
Inn contrast, km of hnetazyfpmty m t not found in 23 sporadic ami 
polypii ( f => 0.082). Haplotype analysis thawed dut km of hetewwy-
gaHtytt inpri icddt&^ti idw w 
nu?? indicate d m n t » ^ | ^ ( ^ f d ^ u b V ? c ^ 
lackk die fimtttowl STKWLK&l tamoMUppsessot gene, «iggMfiag 
aa causal relationship between natal polyp development tod rite 
Peuor-jegho** syndrome. Lot* of netesotygosity at 19pt33 in natal 
polyp** of aftêend patkats corresponds with report* of los* of het-
eroiygosityy in gastrointestinal hamaftotaaGtttt polyps 0)- L"" °f 
hcterotygosityy at die STKllflKBl  too» in nasal polypi related to 
thee Peutt-Jegbe» syndrome suggetw dut dtete lesions may be neo-
pfcwtkk in nature. This may also be reflected by die co-occurrence of 
nasall polyposis and nasopharyngeal squamous-**!! carcinoma in a 
patientt with diePeutz-Jegfiers syndrome(4). We provide molecular 
emeticc support for the initial observation of Dt. Pcutz: Nasal pol
yposiss can be an exttatmetrinai manifestation of dtc Peun-Jeghers 
syndrome, , 
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Nasall polyposis in Peutz-Jeghers syndrome: a distinct entity with pre-malignant potential? 

Abstract: : 

Peutz-Jegherss syndrome (PJS) is an autosomal dominant hamartomatous polyposis 
syndromee of the gastrointestinal tract, caused by a germline STK11/LKB1 mutation. In the original 
reportreport by Peutz, nasal polyposis was described. Recently, we reported a molecular-genetic 
associationn between nasal polyposis and PJS. The present investigation further explores the 
occurrencee and pathogenesis of PJS related nasal polyposis. 51 PJS patients from 18 PJS families, 
1200 family members and a sample of 3289 random individuals were questioned for the presence 
off  nasal polyposis. In addition, 12 PJS related nasal polyps and 28 sporadic nasal polyps were 
analysedd for loss of heterozygosity (LOH) at 19pl3.3 (STK11/LKB1 locus), eosinophilia, 
squamouss metaplasia, dysplasia, and immunohistochemical expression of COX-2 and p53. Also, a 
PJSS related carcinoma of the nasal cavity was investigated for inactivatiön of STKU/LKBL Nasal 
polyposiss occurred in 8 of 51 (17%) PJS patients, none of non-affected family members (p<0,001) 
andd 223 of 3289 (6.8%) individuals in the general population (p<0.05), LOH was found in 4 of 8 
PJSS related nasal polyps, and in none of the sporadic nasal polyps (p=0.002). A carcinoma of the 
nasall  cavity of a PJS patient with nasal polyposis did not show LOH; also no somatic mutation in 
STK11/LKB1STK11/LKB1 nor CpG-isIand hypermethylation of the promoter-region was found. Peutz-Jeghers 
syndromee related nasal polyps showed less eosinophilia than sporadic nasal polyps (pO.001). 
COX-22 expression was found in 11 of 12 PJS related nasal polyps and 19 of 28 sporadic nasal 
polypss (p>0.05). Nuclear overexpression of p53 was not found in any polyp. Nasal polyposis 
occurss in a significant number of Dutch PJS patients; one of whom developed a carcinoma in the 
nasall  cavity. The finding of LOH at the STK.11/LKB1 locus, and the absence of eosinophilia 
suggestss a distinct pathogenesis compared to sporadic nasal polyposis. 

Introduction n 

Peutz-Jegherss syndrome (PJS) is a rare autosomal dominant disorder, characterized by 
hamartomatouss polyposis of the gastrointestinal tract and melanin pigmentation of the skin and 
mucouss membranes '•2. PJS patients have an increased risk for developing cancer at relatively 
youngg age3~*. Malignancies occur in thé gastrointestinal tract, and also in a variety of extra-
gastrointestinall sites 6. PJS is caused by a germline mutation in the STKH/LKB1 tumour 
suppressorr gene on chromosome 19pl3.3 x 8. Molecular analysis of hamartomas and carcinomas 
fromfrom PJS patients has shown loss of heterozygosityy (LÖH) at chromosome 19pl3.3, indicating 
inactivatiönn of the wild type STK11/LKB1 gene 9"J', 

Inn 1921, the Dutch physician Peutz described the first PJS family with both nasal and 
gastrointestinall polyposis '. Evaluation of this original family revealed that 6 of 22 patients 
sufferedd from nasal polyposis, and one of these individuals developed a nasopharyngeal 
carcinomaa !2. Nasal polyposis associated with PJS has also been described by others 13~18, and 
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recentlyy we reported loss of the wild type STKU/LKB1 allele in PJS related nasal polyps, 
providingg molecular genetic support for the association between nasal polyposis and PJS 19. 

Inn the general population, nasal polyposis is a relatively common disorder20. This 
conditionn is thought to be an allergic inflammatory disorder, with common pathogenesis to 
asthma21.. The majority of nasal polyps show extensive infiltration of eosinophilic leukocytes, 
consistentt with a hypersensitivity reaction n. Squamous metaplasia is found in a small subset of 
lesions.. Nasal polyps are not considered a pre-neoplastic entity, withreports about malignant 
degenerationn lacking, and oncogenic mutations not described to our knowledge. Case reports of 
nasall  polyposis associated with PJS l3~18, finding LOH in nasal polyps of PJS patients l9, and the 
co-oceurencee of nasal polyposis and a carcinoma of the nasal cavity in a PJS patient l \ suggests 
thatt these nasal polyps follow a distinct pathogenesis with neoplastic potential. 

Thee present study further investigates the relationship between nasal polyposis and PJS. 
Thee presence Of nasal polyposis in well-documented Dutch PJS-families was assessed. PJS related 
andd sporadic nasal polyps were studied for LOH at 19pl3.3, the presence of eosinopbilia, 
squamouss metaplasia and dysplasia. Also, the expression of COX-2 and p53 was evaluated. A 
carcinomaa of the nasal cavity trom a PJS patient with nasal polyposis was investigated for 
inactivationn ofSTK11/LKS1. 

Methods s 

PatientsPatients and tissue specimens: 
Fifty-onee PJS patients, from 18 well-documented PJS-families 1J'l2,23,?4 were included. 

Thee clinical diagnosis (gastrointestinal polyposis and mucocutaneous pigmentation) was 
confirmedd by histopathologic review of gastrointestinal hamartomas by an experienced 
pathologistt (GJAO). In all but one family germline STKU/LKB1 mutations were identified. 

Fromm the above study group, 35 PJS patients were questioned about a medical history of 
nasall  polyposis. In addition, data from 16 deceased but well documented PJS patients from the 
originall  family described by Peutz were used. Clinical information about these patients was 
obtainedd from medical charts, previous publications l' 12*2S, and interviews with first-degree 
relatives.. As controls, 84 non-affected (genetically related) family members, and 36 spouses were 
questionedd about the occurrence of nasal polyposis. The protocol was approved by the medical 
ethicss committee of the University Hospital Rotterdam, Erasmus University. Informed consent 
wass given by all participating individuals. Also, 3268 individuals were questioned about the 
presencee of physician-diagnosed nasal polyposis, using a random sample of the general 
populationn frequently contacted for market research purposes. 

Fromm 4 PJS patients with nasal polyposis, 12 nasal polyps and one carcinoma of the nasal 
cavityy were available for study. The specimens were collected from the pathology departments of 
severall  hospitals in The Netherlands. A control group consisted of 28 sporadic nasal polyps from 
agee and gender matched patients without PJS, cystic fibrosis, Kartagener syndrome or aspirin 
hypersensitivity.. The sporadic polyps were removed between 1996 and 1998 at the Academic 
Medicall  Center in Amsterdam, The Netherlands, and were selected randomly from the pathology 
archives. . 
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Tablee 1: Genntine STK1 HLKBl mutation, number of Peut2-Jeghers syndrome (PJS) patients, and number of PJS patients with nasal 
polyposiss in PJS families with nasal polyposis. 

Familyy STK11 exon/intron; codon nucleotide alteration mRNA Number of PJS patients with 

mutationn change PJS patients nasal polyposis 

I11 Deletion exon 2-3; codon 98-150 loss of 57codons deletion of 57 amino acids I 1 

III  Missense exon 7; codon 297 4016 G/A AGG/AAG I i 

IIII  Insertion exon 1; codon 66 535 ins T fraraeshift 162 TGA/stop 22 6" 

Nott previously published mutation. 
11 Including patient IV. 12 (reference 12) who developed a carcinoma of the nasal cavity. 

TissueTissue preparation and DNA isolation: 
Formalin-fixedd and paraffin-embedded samples were cut into 5 \xm sections, mounted d 

ontoo glass slides, and H&E stained for histopathologic examination. Polyp and carcinoma 
epitheliumm was carefully microdissected from hematoxylin stained slides. For control wild type 
DNA,, DNA isolated from stromal tissue from the same sample was used. The microdissected 
tissuee was collected in microcentrifuge tubes containing 10-15 fj.1 proteinase K solution (50 mM 
Tris-HCll  pH 8,0,0.2% Tween-20 and 100mg/ml proteinase K), and incubated overnight at 56 °C. 
Sampless were heated to 96 °C for 10 minutes to inactivate the proteinase K. 

LOULOU at 19pl3.3; mutation analysis; CpG-isIand hypermethylation: 
Analysiss of loss of heterozygosity (LOH) was done as described previously 19, comparing 

DNAA from microdissected (epithelial) polyp or carcinoma tissue with normal tissue from the same 
patient.. The polymorphic microsatellite markers D19S886 and D19S565, flanking the 
STK11/LKB1STK11/LKB1 gene on chromosome 19pl3.3, were used (for primer sequences see www.gdb.org). 
Iff  a marker was homozygous in normal DNA, polyps of this patient were defined as non-
informativee for the tested marker. DNA from a PJS related carcinoma of the nasal cavity was also 
studiedd for somatic mutations in STK11 by exon-sequencing using previously reported primers u

t 

andd for CpG-island methylation induced silencing of the STK11/LKB1 promoter region using a 
methylation-specificc PCR (MSP) as described27. 

HistopathologicHistopathologic examination: 
H&EE stained slides of nasal polyps were examined for the presence of eosinophils, 

squamouss metaplasia, and dysplasia by twoo observers (JJK and GJAO) in a coded fashion. The 
presencee of eosinophils in the stroma underneath the surface epithelium was assessed in a 
semiquantitativee manner (0 = none/only a few eosinophils; + = moderate number of eosinophils; 
+++ = large number of eosinophils). Squamous metaplasia and dysplasia were assessed as present 
orr absent. 
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ImmunohistochemistryforImmunohistochemistryfor COX-2 andpSS: 

Immunohistochemistryy was performed on 5 pm sections of formalin-fixed, paraffin-
embeddedd samples as described previously''. Primary monoclonal antibodies used were: 
antibodyy #160112 against COX-2 (Cayman Chemical Co., Ann Arbor, MI*  USA) at a dilution of 
X:100;; and D07 (Dako, Glostrup, Denmark) against p53 at a dilution of 1:200. For antigen 
retrieval,, slides were boiled for 10 min. in citrate buffer. Slides were incubated with the primary 
antibodyy overnight at 4 °C (COX-2) or for 1 h at room temperature (p53). As positive control, a 
knownn positive colorectal carcinoma was used. Immunostained slides were scored by two 
observerss (JJK and G JAO) in a coded fashion. Epithelial COX-2 staining was assessed 
semiquantitativelyy on a scale from 0-+++ (0: no staining; +: weak staining; ++: moderate staining; 
+++:: intense staining), considering the staining-intensity and % of positive cells. p53 staining was 
consideredd positive if >10% of nuclei were positive. Nuclear p53 staining restricted to the basal 
(proliferative)) compartment of squamous metaplasia was not considered positive. 

Statistics Statistics 
Comparisonss between groups were made using the Mann-Whitney test for the presence of 

eosinophilss and COX-2 expression, and the Fisher's exact test for the presence of LOH, squamous 
metaplasia,, and dysplasia. A p-value < 0.05 was considered statistically significant. All p-values 
weree two-sided. 

Results s 

NasalNasal polyposis in Peutz-Jeghers syndrome patients: 
Nasall  polyposis occurred in 8 out of 51 PJS patients (16%), whereas none of the non-

affectedd family members or spouses ofPJS patients reported nasal polyposis (pO.001). For 
comparison,, in the general population, 223 out of 3268 (6.8%) random individuals reported 
physician-diagnosedd nasal polyposis at any time during their life (p<0.05). 

Thee 8 PJS patients with nasal polyposis were from 3 different families with established 
germlinee STK11/LKB1 mutations (Table 1). Nasal polyposis did not occur in PJS patients from 15 
otherr families. Clustering of nasal polyposis and PJS was found in one family. In this well 
documentedd family '* li , 6 out of 22 (27%) PJS patients had nasal polyposis. Detailed clinical 
informationn was available from 4 PJS patients with nasal polyposis, from 3 different PJS families. 
Threee of these patients suffered from recurrent and serious nasal polyposis, for which multiple 
polypectomiess were performed. One PJS patient with nasal polyposis had a pulmonary adenoma 
att age 38, and also developed a moderately differentiated carcinoma of the nasal cavity at age 52 
(patientIV.I2,, ref 12). Figure 1 is a picture of this patient at the age of 24 years, at whieh time she 
alreadyy sufferedd from nasal polyposis. 

fnactivationfnactivation ofSTKll: 
Twelvee nasal polyps from 4 PJS patients and 28 sporadic nasal polyps were studied for 

LOHH of two polymorphic markers flanking the STK11/LKB1 locus 19pl3.3. LOH was found in 4 
off  8 informative nasal polyps from 2 PJS patients from different families. DNA from two other 
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polypss from different patients did not amplify consistently. Both markers were non-informative in 
DNAA one patient, from whom 2 nasal polyps and a carcinoma of the nasal cavity were selected for 
study.. LOH was not found in 23 informative sporadic nasal polyps from the controls. The 
differencee in frequency of LOH in PJS-related nasal polyps compared to sporadic nasal polyps 
wass statistically significant (p=0.002) (Table 2). 

DNAA isolated from a carcinoma of the nasal cavity from a PJS patient with nasal 
polyposiss was studied for inactivation ofSTKll/LKBl. Markers used for LOH analysis were non-
informativee (see above). However, sequencing revealed that tumor DNA contained wild type 
STKU/LKB1STKU/LKB1 and an allele with the STK11/LKB1 germline mutation (insert T at codon 66, exon 
1),, indicating the absence of LOH at 19pl3.3. Also, no somatic mutation in STK11/LKB1 or CpG-
islandd hypermethylation within the promoter region of STKU/LKB1 was found. 

HistologicalHistological comparison of PJS and sporadic nasal polyps: 
Twelvee nasal polyps from 4 PJS patients were compared to 28 sporadic nasal polyps from 

controls.. There were significantly less eosinophils in nasal polyps of PJS patients compared to the 
sporadicc nasal polyps (p<0.001) (Table 2 and Figure 2). Only 1 of 12 nasal polyps from PJS 
patientss demonstrated a moderate number of eosinophils, whereas 23 of 28 sporadic nasal polyps 
showedd moderate (n=8) or large (n=15) numbers of eosinophils (Table 2, Figure 2, 3a and 3b). 
Squamouss metaplasia was present in one polyp of a PJS-patient (8%), and in 6 sporadic nasal 
polypss (21%) (p=0.65) (Table 2). No dysplasia was found in any of the polyps. 

Figuree 1. PJS patient (family HI) with nasal 
polyposiss at age of 24. The perinasal 
asymmetryy and the broadened nasal bridge 
weree attributed to nasal polyposis by dr Th. van 
Wijk.. who published this picture in his thesis in 
19500 2i. The patient died from a carcinoma of 
thee nasal cavity (Figure 2D) at the age of 52. 

Figuree 2. Distribution of eosinophilia in nasal polyps from PJS 
patientss and sporadic nasal polyps, assesed in a semiquantitative 
mannerr as absent/weak, moderate or strong. Eosinophilia was 
significantlyy more common in sporadic than PJS related nasal 
polyposiss (p<0.001). 

Strong g 
eosinophilia a 

Moderate e 
eosinophilia a 

Weak/absent t 
eosinophilia a 

• • • • • • 
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bnmunohistochemistrybnmunohistochemistry for COX-2 andp53: 
PJSS related and sporadic nasal polyps were evaluated for the immunohistochemical 

expressionn of COX-2 and p53. COX-2 expression was studied since it was recently found to be 
up-regulatedd in PJS related hamartomatous polyps28; p53 staining was assessed because 
overexpressionn was reported in 96% of nasopharyngeal carcinomas and 79% of adjacent 
dysplasticc lesions 29, suggesting a potential as marker for (pre-) malignant growth of 
nasopharyngeall  epithelium. COX-2 expression (ranging from + to +++) could be found in the 
cytoplasmm of epithelial cells of 11 out of 12 nasal polyps of PJS patients, and 20 out of 28 
sporadicc nasal polyps (Figure 2c). The degree of COX-2 expression was assessed 
semiquantitativelyy on a scale from 0 (negative) to +-H- (strong COX-2 expression). PJS related 
nasall  polyps (median ++; range 0-+++) had more COX-2 expression than sporadic nasal polyps 
(mediann +; range 0-+++), although the difference was not significant (p=0.10). COX-2 expression 
didd not correlate with LOH in PJS related polyps. COX-2 expression was also present in a PJS-
relatedd carcinoma of the nasal cavity (Figure 2). Nuclear over-expression of p53 (>10% positive 

Figuree 3. Histology and 
immunohistochemicall  COX-2 
expressionn of nasal polyps and a 
PJS-relatedd carcinoma of the nasal 
cavityy . 3A, B: H&E staining of a 
sporadicc nasal polyp with strong 
infiltrationn of eosinophils (A); and a 
PJSS related nasal polyp lacking 
eosinophiliaa (B). 2C, D: COX-2 
expressionn in a PJS-related nasal 
polypp (C) and a carcinoma of the 
nasall  cavity of a PJS patients with 
nasall  polyposis (D). Of note. COX-2 
expressionn was also found in 
sporadicc nasal polyps. 

Discussion n 

Thee present study further investigates the association between nasal polyposis and Peutz-
Jegherss syndrome, first reported by Peutz in 1921 '. Although a minority of PJS patients suffer 
fromfrom nasal polyposis, it may be of significance. One PJS patient with nasal polyposis died from a 
carcinomaa of the nasal cavity. Furthermore, inactivation of the STK11/LKB1 tumor suppressor 
genee by LOH was found in PJS related nasal polyps, indicating a neoplastic clonal nature of these 
lesions. . 

Ourr study suggests a different pathogenesis for PJS-related compared to sporadic nasal 
polyps.. LOH at the STKU/LKBI locus 19pl3.3 can be found in PJS related polyps but not in 
sporadicc lesions. To date, no report of genetic alterations in sporadic nasal polyps exists. In 
general,, nasal polyps are characterised by extensive infiltration of eosinophilic inflammatory 
cells,, consistent with an allergic/inflammatory pathogenesis2I. Nasal polyps from PJS patients 

nuclei)) was not found in PJS related or sporadic nasal polyps. 
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hadd significantly fewer eosinophils than sporadic nasal polyps (pO.001). Similar observations are 
reportedd in nasal polyps associated with other specific syndromes. For example, those from 
patientss with cystic fibrosis or Kartagener's syndrome also lack extensive eosinophilia n'30. 

Onlyy 16% ofthe PJS patients in our study had nasal polyposis, found in 3 of 18 PJS 
familiess studied. In the family originally described by Peutz, 6 out of 22 PJS patients had nasal 
polyposis,, but not their 54 non-affected family members and spouses, making a PJS-independent 
causee unlikely. Familial clustering may occur and large genotype-phenotype investigations are 
necessaryy to elucidate whether nasal polyposis is correlated with a specific genotype, which could 
aidd in the development of surveillance strategies. The relatively low incidence of nasal polyposis 
inn PJS presumably explains the limited number of reports of this association. Of note, nasal 
polyposiss is common in the general populationt'. Using a questionnaire in a random sample of 
Dutchh citizens, the prevalence of physician-diagnosed nasal polyps was 6.8%. Thus, nasal 
polyposiss can not serve as a marker for PJS, and nasal polyps of PJS patients can not exclusively 
bee attributed to the syndrome. 

Tablee 2. LOH at I9pl3.3 (informative cases); eosinophilia; and squamous metaplasia in nasal polyps from Peutz-Jeghers syndrome 

patientss and sporadic nasal polyps. 

LOHH 19p Eosinophilia' Squamous metaplasia COX-2*  P53 
jKO.OII  p<0,001 p>Q.05 p>0,QS3 pX>.05 

Peutz-Jegherss polyps 4/8 1/12 1/12 U/12 0/12 

Sporadicc polyps 0/23 23/2.8 6/28 20/28 0/27 

11 Moderate or strong infiltration of eosinophils 
11 Weak (+), moderate (++) or strong (+++) expression 
11 Calculated using semiquantitative score from 0-+++ 

Onee patient with PJS, nasal polyposis and carcinoma of the nasal cavity was identified. 
Geneticc analysis of this carcinoma could not prove inactivation of STK11/LKB1 by LOH, somatic 
mutation,, or CpG-island hypermethylation in the promoter region of STKU/LKBJ. However, this 
doess not exclude an association between PJS, STK1I/LKB1 and the development of a carcinoma 
off  the nasal cavity in this patient. Inactivation may have occurred by an intronic mutation 
resultingg in alternative splicing, or by large deletions not detected by exon sequencing of short 
strandss of DNA isolated from paraffin-embedded tissue. Alternatively, haploinsufficiency may 
sufficee to explain STKI1/LKB1 mediated tumor-growth, as suggested by the analysis of tumors 
fromfrom heterozygous Stkll/Lkbl knockout mice n'J1. The co-occurrence of nasal polyposis and a 
carcinomaa of the nasal cavity in a PJS patients suggests the pre-malignant potential of PJS related 
nasall  polyps. The finding that nasal polyps and a carcinoma of the nasal cavity from PJS patiënte 
over-expresss COX-2 may provide a rationale for experimental chemopreventive treatment with 
NSAIDss or COX-2 inhibitors in PJS patients with (severe) nasal polyposis. 

Inn conclusion, nasal polyposis associated to PJS should be considered as extra-intestinal 
hamartomas.. The absence of eosinophils compared to sporadic nasal polyps indicates a distinct 
pathogenesis,, in which LOH at the STK11/LKB1 locus 19pl3.3 seems involved. The potential 
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neoplasticc risk of nasal polyps in PJS should be considered in die clinical management of these 
patients. . 
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Thee diagnostic value of mucocutaneous pigmentation in Peutz-Jeghers syndrome 

Abstract t 

Mucocutaneouss pigmentation is one of the features of the hereditary polyposis disorder 
Peutz-Jegherss syndrome (PJS). The diagnostic value of these pigmentations is unclear. Therefore, 
thee presence of mucocutaneous pigmentation in PJS patients was compared to healthy subjects. 
Also,, an attempt was made to determine any phenotype-genotype correlation between the 
expressionn of pigmention in PJS patients and mutations in the PJS gene STK11.34 Dutch PJS 
patientss from 19 PJS families with proven characteristic hamartomatous intestinal polyposis, and 
1100 age and sex matched healthy controls were studied. Subjects were interviewed and examined 
forr pigmentations by two observers and photographed in a standard fashion. 'PJS-like 
pigmentation""  was defined as the distribution of dark melanin pigment spots typical for the 
syndrome.. When available, past photographs were retrieved from hospital records for comparison. 
STK111 mutational analysis was used to determine the genotype in STK11 mutation positive PJS 
patients.. PJS-like pigmentation was scored significantly more often in the patient group (71%) 
comparedd to the control group (15%) (p<0,001). The presence of 'PJS-pigmentation' had a 
sensitivityy of 71%, a specificity of 86%, a positive predictive value of 60%, and a negative 
predictivee value of 90% for the diagnosis Peutz-Jeghers syndrome in this study. In particular, 
pigmentationn on the lips (pO.001), buccal mucosa (p<0.01), eyelids (0.05), around the eyes 
(pO.01),, and around the nose (p<0.05) was significantly more common in PJS patients compared 
too controls. In the patients without PJS-like pigmentation, the skin and lip pigmentations had 
eitherr disappeared with time (n=4), or had never been present at all (n=6). For the first tune we 
reportt disappearance of buccal pigmentations in a PJS patient. Except for corresponding intense 
pigmentationn in two families with separate missense mutations in codon 4 of the STK11 gene, no 
clearr correlations between the pigmentation phenotype and STK11 genotype could be detected. 
Althoughh characteristic, the diagnostic significance of PJS-like pigmentation is limited. In family 
studies,, the diagnosis cannot be made or discarded on the basis of presence or absence of 
mucocutaneouss pigmentations alone. 

Introduction n 

Whenn Peutz described the Peutz-Jeghers syndrome (PJS) in 1921 in a Dutch family, he 
wass struck by the "most peculiar pigmentations" '. He observed numerous small brown to dark 
bluishh pigment spots located predominantly on the lips and thé buccal mucous membranes as well 
ass scattered around the mouth, the nose and the eyes of affected family members. They bore some 
resemblancee to freckles, but were not affected in colour or size by sunlight. They had been present 
sincee early infancy and were clearly visible in the younger generation but had already disappeared 
inn older family members. Together with intestinal polyposis Peutz believed that the presence of 
thesee pigmentations was pathognomic for the syndrome '. 
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Sincee the description by Peutz, this pigmentary abnormality is considered as one of the 
hallmarkss of this autosomal dominant syndrome, and the clinical diagnosis PJS is based on the 
triadd of a positive family history, mucocutaneous pigmentation and hamartomatous polyposis of 
thee gastrointestinal tract 1,2

# The presence of only one or two of these criteria in an individual, 
however,, can make the clinical diagnosis difficult. With the identification of the PJS gene, STK1J 
(alsoo called LKBI), genetic testing became available to establish the diagnosis3"* . Still, melanin 
spotss are an important clinical feature, as they may guide the clinician to the possibility of the 
diagnosiss PJS in the individual patient However, melanin spots occasionally are completely 
absentt in PJS patients with hamartomatous polyps7. Conversely, although pigment spots present a 
veryy characteristic external feature in individuals carrying the PJS gene, they are not uncommon 
inn persons without this syndrome. To what extent mucocutaneous pigmentation is of diagnostic 
significancee is not clear. To determine the diagnostic value of mucocutaneous pigmentations in 
PJS,, we carefully assessed the pigmentation pattern in 34 PJS patients from 19 different families, 
andd in 110 healthy controls. Also, we investigated whether any phenotype-genotype correlations 
couldd be detected between the expression of mucocutaneous pigmentations and STKU mutations 
inn PJS patients. 

Methods s 

Subjects Subjects 

PJSS patiënte with proven characteristic hamartomatous intestinal polyposis were included 
inn the PJS patient group. Possibly affected individuals from PJS families who reported a history of 
abdominall  symptoms or pigmentary changes, or both, but who had no documented intestinal 
polypss with the characteristic hamartoma histology, were excluded from this study. The control 
groupp consisted of healthy unrelated subjects with a negative personal and family history for PJS 
andd other (hereditary) skin disorders. Informed consent was obtained from ail participants. The 
studyy design was approved by the university medical ethics committee. 

DeterminationDetermination of pigmentation status 
Alll  participants were interviewed about their medical history and pigmentary changes and 

weree examined by two observers (AMW and YKC). A scoring list was Used including the age, 
sex,, ethnic background, and the presence and quality of pigmentations on the lips, the mucosal 
membraness of the mouth, the nose* the area around the eyes, the eyelids, the dorsal and volar 
sidedd of the hands and the digits. In the PJS patient group photographs were taken in a standard 
fashionn and compared with photographs taken in the past, if available. TJS-Iike pigmentation' was 
definedd as the distribution of dark melanin pigment spots in a pattern typical for the syndrome, i.e. 
onn the Ups, the buccal mucosa, on the eyelids and/or around the nose and eyes. 

MutationMutation analysis 
Denaturingg gradient gel electrophoresis (EKJGE) and direct nucleotide sequencing was 

usedd to screen genomic DNA from the participating PJS patiënte for STKIJ mutations as 
describedd elsewhere 6. 
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Statistics Statistics 
Differencess were evaluated by the Chi-square test and the non-parametric Mami-Whitney-

UU test. Two-sided Ps <0.05 were considered statistically significant. 

Results s 

Thirty-fourr patients (17 men and 17 women) from 19 PJS families, including members 
fromfrom the family originally described by Peutz \ were included in the PJS patient group. Ages 
rangedd from 6 to 69 patients (median 36.5 years). The control group consisted of 110 healthy 
subjectss (54 men and 56 women), aged 5 to 58 years (median 38.9 years). Patients and controls 
weree investigated for the presence of melanin pigmentation at various sites, and for a "PJS-like 
pigmentationn pattern. Results are listed in Tables I and 2. 

Inn PJS patients, marked differences in presence, amount and intensity of pigmentation 
weree observed within and between families. Melanin pigmentation occurred most consistently on 
thee Ups, i.e. in 27 patients or 79% of the cases. Pigmentation of the buccal mucosa, gums or palate 
wass seen in 9 (27%) patients. The eyelids were involved in 12 (35%), the area around the eyes in 
177 (50%), the area around the nose in 12 (35%), the palms of the hands in 6 (18%), and the (volar 
andd interdigital spaces of the) digits in 12 (35%). In the control group, one or more pigment spots 
weree found on thé lips of 29 individuals (26%), on the buccal mucosa, gums or palate in 6 (6%), 
onn the eyelids in 19 (17%), around the eyes in 23 (21%), around the nose in 16 (15%), on the 
palmss of the hands in 37 (34%) and on the digits in 40 (36%). Pigmentation on the lips (p<0.001), 
buccall  mucosa, gums or palate (pO.01), on the eyelids (p<0.05), around the eyes (jKO.001) as 
welll  as around me nose (p<0.05) was significantly more common in PJS patients compared to 
controls,, whereas pigmentation on the palms of the hands and digits did not differ significantly 
betweenn PJS patients and controls. 

Tablee 1. Presence of pigmentation bysite in PJS patients and controls. The presence of pigmentation at any site did not necessarily 
implyy the classification PJS-lflce pigmentation positive. 

Pigmentationn site PJSS patients (n=34) Controlss (n=llQ) 

Lips s 
Buccall mucosa 
Eyelids s 
Peri-occularr slrin 
Peri-nasall skin 
Palmss of bands 
Digits s 

1111 (79%) 
99 (26%) 
12(35%) ) 
177 (50%) 
122 (35%) 
6(18%) ) 
122 (35%) 

299 (26%) 
66 (5%) 

199 (17%) 
233 (21%) 
166 (15%) 
37(34%) ) 
400 (36%) 

«0.0Ó1 1 
<0.01 1 
<0.05 5 
<0.01 1 
<0.05 5 

ns s 
ns s 

Inn 24 of 34 (71 %) PJS patients a pigmentation pattern compatible with "PJS-like 
pigmentation""  was observed, whereas 16 of 110 (15%) controls would have been classified as PJS 
basedd on their pigmentation alone (pO.001). Thus, the presence of'PJS-like pigmentation' had a 
sensitivityy of 71%, a specificity of 86%, a positive predictive value of 60%, and a negative 
predictivee value of 90% for the diagnosis Peutz-Jeghers syndrome. In PJS patients without "PJS-
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likee pigmentation" (29%), these stigmata had already disappeared, or had never been present at 
all.. The relationship between age and the presence of pigmentations in PJS patients is shown in 
Figuree 1. Those who had lost pigmentation were older (median age 55 years, n=6) compared to 
thee group in which pigmentation was present (median age 34 years, n=24) (p<0,0001). Four 
patientss (12%) reported that they never had any pigmentation characteristic for PJS. Interestingly, 
inn one PJS patient fading of up pigmentations and complete disappearance of pigment spots on 
thee buccal mucosa could be documented over a 21-year period (Figure 2), 
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Tablee 2. Presence of PJS-like pigmentation in PJS patients 
andd controls, p<0.001. 

PJSPJS like 
pigmentation pigmentation 

PJSS patients 
(n=34) ) 

Controls s 
(n=110) (n=110) 

Present t 
Absent t 
Disappeared d 

24(71%) ) 
4(12%) ) 
66 (18%) 

16(15%) ) 
944 (86%) 

• -- Figure 1. Age distribution of Peutz-Jeghers patients with 
andd without pigmentation. Bars indicate medians. 

pigmentationn lost new had 
pressiitt pigmentation pigmentation 

Phenotype-genotypePhenotype-genotype correlation 

STK111 mutations were found in DNA of 15 out of the 19 families. Participating PJS 
familiess and their mutations have been described before5> 6. In four families no mutation in the 
STKUSTKU gene could be detected, suggesting either incomplete screening of the gene or the existence 
off a second, yet unidentified, PJS gene. As all mutations were different, no clear phenotype-
genotypee correlations could be detected in the PJS patient group. However, a missense mutation 
inn exon 4 (G to A transversion at nucleotidee 2528) was present in a family with 3 affected family 
members,, all showing an extreme intensity of pigmentations. Interestingly, a second family with 4 
affectedd family members showing similar intense pigmentations also revealed a missense 
mutationn in exon 4: three associated substitutions at nucleotidee 2432 (G to A), 2436 (G to A) and 
24388 (C to A). 

Discussion n 

Distinctivee melanin pigmentation is considered a hallmark of the PJS. These benign 
lesionss appear of no clinical significance other than being a feature potentially guiding the 
physiciann to the diagnosis PJS. However, the sensitivity and specificity of this feature is not 
known,, and a detailed study of pigmentation in PJS is lacking. The present study found PJS-like 
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pigmentationn in most PJS patients, but also in a subset of healthy individuals. The sensitivity and 
specificityy of this sign for the diagnosis PJS was 71% and 86% respectively. 

Figuree 2: Fading of lip 
pigmentationss and complete 
disappearancee of buccal 
pigmentationss in a male PJS 
patient,, photographs taken at 
thee age of 16 (A and C) and 37 
(BB and D) years, respectively. 

Absencee of pigmentation in some PJS patients may be (i) due to fading over time, or (ii) 
duee to a lack of phenotypic expression of pigment spots in as reported by -12% of patients in the 
presentt study. Gradual fading resulting in complete disappearance of pigment spots on the skin 
andd lips is a well known phenomenon in PJS 7. However, pigment spots on the buccal mucosa and 
gingivaa were thought to be permanent8'9. For the first time, we report the disappearance of 
mucosall  pigmentation in the mouth of a PJS patient in addition to fading of lip pigmentations 
(Figuree 2). Furthermore, fading of pigmentation in PJS seems related to age; patients who had lost 
pigmentationn were older than those in whom melanin pigmentation was present (Figure 1). 
Melaninn spots in PJS are not present at birth, appear during early infancy or childhood and 
graduallyy increase in number and intensity reaching a maximum at puberty. In subsequent years, 
pigmentt spots may slowly fade and sometimes disappear. Interestingly, marked inter-family and 
intra-familyy variation in the expression of pigmentation exist. An attempt was made to compare 
thee pigmentation phenotype in PJS families to the genetic defect. Two families with 
correspondingg intense pigmentation had separate missense mutations in codon 4 of the STK11 
gene.. Large genotype-phenotype studies are required to further investigate such a correlation. 

Strikingly,, 15% of healthy controls had a PJS-like pigmentation pattern. Two forms of 
physiologicall  pigmentation exist: ephelides and lentigines. PJS-pigment spots show the greatest 
resemblancee to lentigines, which are darkly colored and not influenced by light, develop during 
childhoodd or early adult life, and can persistt for years 10'" . In contrast, ephelides (or freckles) are 
lightt brown colored, induced by light and fading with decreased light-exposure. PJS-like 
pigmentationn can also be mimicked by other disorders. Laugier-Hunziker syndrome is a rare 
pigmentaryy abnormality of the lips and oral mucosa, also affecting the nails n"13. In contrast to 
PJS,, it is an acquired disorder appearing later in life, twice as common in females as in males. A 
raree hereditary pigmentary disorder with a similar age of onset as PJS is the multiple lentigines or 
LEOPARDD syndrome ""14. This autosomal dominant disorder shows cutaneous lesions 
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correspondingg to PJS, however, lentigines in LEOPARD syndrome are solely present on the skin 
andd not on mucosal surfaces. The LEOPARD syndrome comprises lentigines, ECG abnormalities, 
ocularr hypertelorism, obstructive cardiomyopathy, pulmonary valve stenosis, abnormalities of the 
genitalia,, retardation of growth, and deafness, but is not associated with gastrointestinal polyposis 
nn * I4. In addition to physiological pigmentation, these rare conditions should be considered in the 
differentiall  diagnosis of PJS-like pigmentation. 

Too date, the pathogenesis of PJS-like pigmentations is not understood Histologically, PJS 
pigmentt spots show accumulation of melanin in cells of the basal layer of the epidermis with an 
apparentlyy normal number of size of melanocytes 15, which is not truly distinctive from 
physiologicall  forms of pigmentation. As with other inherited patterned pigment disorders, 
aberrationn of the embryological development of the pigment pattern could be the underlying 
mechanismm '6. Melanocytes of the skin and mucous membranes migrate from the neural crest to 
thee embryonic epiderm during the first three months of gestation, Those neural crest cells may be 
thee target of mutant genes in inherited pigment pattern disorders '6. Abnormal pigmentation in 
PJSS becomes manifest during postnatal life. Several PJS patients in our study mentioned a rapid 
increasee of the number of pigment spots during puberty, possibly reflecting a (sex-) hormonal 
effectt This would also be consistent with the gradual disappearance of pigment spots in later life. 
Interestingly,, Perusse et al. described the induction of PJS-like pigmentation on the lips and oral 
cavityy by estrogen-replacement therapy in a fifty-year-old female without manifestations of PJS 
17.. Discontinuation of estrogen resulted in regression of oral pigmentation. Estrogen derivatives 
cann increase the production of beta-melanocyte stimulating hormone (MSH) and 
adrenocotticotrophicc hormone (ACTH). Bom hormones induce melanin production in 
melanocytes,, providing an explanation for a possible effect of estrogen on pigmentation, The 
appearancee of PJS-like pigment spots on the lips and oral mucosa has also been described in the 
coursee of chemotherapy for ovarian cancerl8, and in association with malignancy in patients 
withoutt a history of PJS l9~31. Recently, Boardman et al investigated patients with PJS-like 
pigmentationn but no polyposis, which they designated as isolated mucocutaneous melanotic 
pigmentationn (IMMP)22. Females with IMMP had an increased risk for breast and gynecologic 
cancer,, further supporting an hormonal effect involved in the development of pigmentary 
abnormalities. . 

Inn conclusion, the present study shows that PJS-like pigmentation can be found in most 
PJSS patients. Although mucocutaneous pigment spots at distinctive sites can be a clue to the 
presencee of PJS, it is not pathognomic, nor does its absence exclude PJS. The specificity is 
limited,, since -15% of healthy controls had "PJS-like pigmentation". Age-related expression, and 
inter-familyy and intra-family differences in expression of pigmentation deserve consideration in 
thee clinical evaluation of suspected PJS patients and at-risk individuals of known PJS families. 
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Cancerr risk in Peutz-Jeghers syndrome 

Abstract t 

Peutz-Jegherss syndrome (PJS) is an autosomal dominant gastrointestinal polyposis 
syndromee with an increased risk of developing cancer. However, few studies assessing the cancer 
riskk in PJS exist and the associated cancer risk and tumour spectrum remain not well defined. 
Therefore,, we compared the cancer incidence in a cohort of well documented Dutch PJS patients 
too the general population. PJS-patients and their families were investigated in a registry-based 
manner.. Information was obtained by interview, questionnaires and chart review. Malignancies 
weree confirmed by examination of pathology reports and revision of slides, if available. Probands 
andd their family members were studied for STKI1 mutations. The relative risk of cancer in PJS 
comparedd to available incidence rates of the general population was calculated as the ratio of 
observedd and expected eases, by person-year analysis adjused for age, gender and calender time. 
922 PJS patients from 30 families contributed 2883 person years of follow-up. STK1I mutations 
weree identified in 22 families. Twenty-six cancers occurred in 25 PJS patients. Fifteen carcinomas 
originatedd in the gastrointestinal tract. Extraintestinal cancer occurred in the breast, pancreas, 
ovary,, testis (seminoma), skin (melanoma), kidney (nephroblastoma) and nasal cavity. In two 
metastaticc cases, the site of origin was not determined. The mean age of cancer diagnosis was 
45.00 years. The cumulative risk of cancer for both sexes was estimated to be 59*6% until the age 
off  60 years. Compared to the general population, the relative risk of cancer was until the age of 74 
yearss was 13.9 for males and 30.2 for females. Benign tumours were found in the ovary, breast, 
pancreass and nasal cavity. Consistent with previous reports, PJS patients have a very high risk of 
cancerr at intestinal and extra-intestinal sites. Close surveillance is required, although the wide 
tumourr spectrum makes it a difficult task. 

Introduction n 

Thee hereditary gastrointestinal polyposis and mucocutaneous pigmentation disorder 
Peutz-Jegherss syndrome (PJS) has been associated with an increased risk of developing both 
gastrointestinall  and extra-intestinal malignancies '•2. As gastrointestinal polyps in PJS are benign 
hamartomass without dysplasia, PJS has longtime been ignored as hereditary cancer syndrome. 
However,, several reports have shown an increased risk of gastrointestinal cancer in patients with 
PJSS 1_3, and malignant degeneration of hamartomatous polyps has been demonstrated 4i 5. 
Remarkably,, there also seems to be an increased risk of developing cancers outside the 
gastrointestinall tract'"2. The extra-intestinal tumour spectrum of PJS is thought to include 
commonn malignancies of the breast and pancreas, but also unusual types like the Sertoli cell 
tumourr of the testis, sex cord tumour with annular tubules of the ovary and adenoma malignum of 
thee cervix6' \ Taken together, although a limited number of studies addressing the cancer 
incidencee in PJS has been conducted ' ~x 8'9, a high predisposition to cancer in PJS appears 
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established.. This is consistent with the identification of the PJS geneSTK.il/LKBl as a potential 
tumourr suppressor gene l0. 

Ass PJS is a rare disorder, lack of sufficient data renders it difficult to define the associated 
tumourr spectrum and to determine the cancer risk. To assess the magnitude of the gastrointestinal 
andd extra-intestinal cancer risk in PJS, we compared the incidence of cancer in established and 
welll  documented PJS patients to the incidence of the general population. 

Methods s 

PJSS patients from the Netherlands PJS-regisfry in Rotterdam, and the Centre for Human 
Geneticss at the Free University Hospital in Amsterdam were included in the present study. The 
protocoll  was approved by the Medical Ethical Committee of the Erasmus University, Rotterdam. 
Alll  included subjects had a definite diagnosis of PJS defined as (i) more than one intestinal Peutz-
Jegherss hamartoma, or (ii) one intestinal hamartoma with a positive family history of PJS, or (iii ) 
aa germline mutation in STK11. Patients and their families were initially contacted or referred via 
theirr physician; further information was obtained by interview, questionnaires and chart review. 
Malignanciess were confirmed by examination of pathology reports and revision of slides, if 
available.. Probands were investigated for germline STKll gene mutations, after informed consent 
wass given. If a mutation was identified, genetic testing was offered to all relatives of the proband. 

Individualss were considered at risk for cancer from birth until death. Person years at risk 
weree calculated from the date of birth until the date of cancer diagnosis, date of death, date of last 
contactt or the closing date of the study. The contribution of the years in which a subject entered 
andd left the cohort were each considered 0.5 person year. To adjust for possible differences of the 
associatedd risk for different time periods and age groups, the person years were subdivided into 5-
yearr age groups and 5-year calendar time periods. The number of person years contributed by 
eachh subject to each time, age and sex stratum were isolated, and the sums of the person years in 
eachh stratum were totalled tö give the overall time at risk for that category. The expected numbers 
off  cancers were calculated by multiplying the person years with the corresponding gender-, age-, 
calendar-time-- and tumour-specific incidence rates of the general Dutch population, which were 
derivedd from data from cancer registries in the Netherlands M'i7. As these incidence rates were not 
fullyy available for the person years and cancer cases scored in earlier calendar time periods 
(beforee 1950), we decided to include only the person years and cancer cases for which all 
incidencee rates were available, that is from 1950 to 1999 (closing date of the study). The relative 
riskrisk of developing cancer, i.e. the ratio of observed and expected numbers of cancer were 
calculated.. Survival analysis was performed using Kaplan-Meier estimates. 

Results s 

StudyStudy population 
Ninety-twoo PJS patients from 30 Dutch families contributed to 2883 person years of 

follow-up;; 44 males (1607 person years) and 48 females (1276 person years). Eleven patients died 
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withoutt having developed a malignancy, 52 patients were withdrawn alive with no evidence of 
cancerr at the closing date of the study and 4 patients were lost to follow-up. In 22 families, all 
differentt gerraline mutations in the PJS gene STK11 could be detected (results not shown). In 5 
families,, no STK11 mutation could be detected and 3 families did not participate in genetic 
testing. . 

Tablee 1 Characteristics of the cancers observed in PJS patients 

Sexx Age of cancer diagnosis Cancer site and histology 

F F 

M M 

M M 
M M 

M M 

F F 

F F 

M M 

F F 

F F 

M M 
F F 

M M 

F F 

M M 

M M 

F F 

M M 

M M 

M M 

M M 

F F 

F F 

F F 

M M 

4 4 

30 0 

31 1 

33 3 

35 5 

36 6 

36 6 

39 9 

40 0 

40 0 

41 1 

41 1 

43 3 

47 7 

49 9 

50 0 

51 1 

53 3 

53 3 

54 4 

61 1 

62 2 

62 2 

69 9 

76 6 

nephroblastomaa of kidney 

adenocarcinomaa of stomach 

adenocarcinomaa of digestive tract 

seminomaa of testis 

adenocarcinomaa of unknown primary origin 

adenocarcinomaa of pancreas 

adenocarcinomaa of digestive tract 

adenocarcinomaa of unknown primary origin 

serousserous cystadenoma of ovary 

adenocarcinomaa of colon 

adenocarcinomaa of duodenum 

melanomaa of skin 

adenocarcinomaa of colon 

adenocarcinomaa of breast 

adenocarcinomaa of stomach 

adenocarcinomaa of colon (sigmoid) 

squamouss cell carcinoma of paranasal sinus 

adenocarcinomaa of colon and of stomach 

adenocarcinomaa of digestive tract 

adenocarcinomaa of jejunum 

adenocarcinomaa of stomach 

ductall  adenocarcinoma of breast 

adenocarcinomaa of colon (sigmoid) 

adenocarcinomaa of breast 

adenocarcinomaa of colon (sigmoid) 

CancerCancer spectrum 
Twenty-sixx cancers occurred in 25 of the 92 PJS patients (27%) (Table 2). Fifteen of these 

cancerss (58%) were known to have originated in the gastrointestinal tract, six of which were 
locatedd in the colon, four in the stomach, one in the duodenum, and one in the jejunum. From 7 
cancers,, which had already metastasized extensively at the time of diagnosis, the primary site of 
originn was not retraceahle. However, 5 of these cases were histologically analysed to have 
originatedd in the gastrointestinal tract (Table 2). The remaining 9 cancers (33%) were located 
outsidee the gastrointestinal tract; three in the breast, one in the pancreas, one in the ovary, one in 
diee testis, one in the skin and one in the nasal cavity (Table 2). One childhood cancer occurred; a 
nephroblastomaa (Wilm's tumour) of the kidney in a 4-year old female. Interestingly, the majority 
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off  gastrointestinal cancers (69%) occurred in men while the majority of nongastrointestinal 
cancerss (89%) occurred in women. 

CancerCancer risk 
Thee mean age at diagnosis of all cancers was 45,0 years (sd 14,9) and similar for both 

sexes;; males 46,3 (sd 12,9), females 42,8 (sd 17,7). Without the childhood cancer the mean age 
forr all cancers was 46,5 years (sd 12,6) and for females 46,3 (sd 13,4). The mean age at diagnosis 
off  the gastrointestinal carcinomas was 47,3 years (sd 13,4) and for the nongastrointestinal 
carcinomass 41,6 (sd 16,9); without the childhood cancer, the mean age for non-GI cancer was 
45,33 (sd 12,1) years (Table 1). 

Al ll  but two of the reported malignancies metastized. Twenty-three patients died because 
off  metastasized malignancy, the mean age of cancer death being 45,6 years (sd 12,7). The Wtlm's 
tumourr in the 4-year old child was resected successfully and the patient was still free of cancer at 
377 years of age. In one 62-year old female, a sigmoid carcinoma in situ was diagnosed at 
surveillancee endoscopy. This lesion was resected and the patient remained well at the age of 71 
years,, at the closing date of the study. Two suspected cases of small bowel carcinoma in a 15-year 
oldd female and a 36-year old male patient could be attributed to pseudo-invasion at revision of the 
histopathologicall  specimens, and therefore were not included among the true cancerr cases, 

Tablee 2: Age-specific distribution of person-years, and observed and expected cases of cancer in PJS patients. The relative risk (£R) 
untill  the age of 74 was calculated as the ratio of observed and expected cases of cancer in the PJS study cohort. Cancer cases 
occurringg between 1950 and 1999 are included. M, male; F, female. 

Agee group (years) 

0 - 1 4 4 

15-29 9 

3 0 - 44 4 

45 -59 9 

60 -74 4 

Total l 

Sex x 

M M 
F F 

M M 
F F 

M M 
F F 

M M 
F F 

M M 
F F 

M M 
F F 

Personn years 

391 1 
483.5 5 

352.5 5 
341.5 5 

263 3 
189.5 5 

151.5 5 
63 3 

19 9 
14.5 5 

1177 7 
1092 2 

Expectedd cancer cases 

0.0491 1 
0,0238 8 

0.0424 4 
0.0212 2 

0.0674 4 
0.0737 7 

0.3420 0 
0.1090 0 

07184 4 
0.0704 4 

]Q.7188 8 
07980 0 

Observedd cancer cases 

0 0 
1 1 

0 0 
0 0 

6 6 
4 4 

4 4 
1 1 

0 0 
3 3 

10 0 
9 9 

RRR (observed/expected) 

13.9 9 
30.2 2 

Thee cumulative risk of developing cancer for both sexes was estimated to be 4% until the 
agee of 30 years, 19% until the age of 40 years, 39% until the age of 50 years and 63% until the 
agee of 60 years in the patients studied (Figure 1). This is increased compared to the risk for all 
sitess of developing cancer in the Dutch general population, which is estimated to be 0.4% until the 
agee of 25 years, 2.7% until the age of 50 years and 25.5% until the age of 75 years. Results of the 
personn year analysis are shown in table 2 and 3. The relative risk of cancer until the age of 74 
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yearss was 13.9 for male and 30.2 for female PJS patients compared to the general population 
(Tablee 2). The relative risk of site-specific cancers is shown in Table 3. 

BenignBenign tumours 
Severall  extra-intestinal benign rumours were found. Four patients had ovarian cysts, one 

off  enormous size weighing 3 pounds, and one female patient had a pancreatic cyst. A benign 
breastt tumour was found in a 41 year old woman who eventually developed breast cancer. Nasal 
polyposiss was present in 8 PJS patients, in addition to a lung polyp and an unspecified airway 
polyp.. Furthermore, a three-year old boy had gynecomastia with normal sized testes, and a 
femalee patient had a late menarche at 17 years, suggesting the presence of benign genital tract 
tumours. . 

Discussion n 
Ann increased relative risk of cancer was found in PJS patients compared to the general 

population.. The mean age of cancer diagnosis was close to 45 years, which is strinkingly younger 
thann the average age of cancer diagnosis in general'M7. Young age of cancer diagnosis in PJS 
patientss was also reported by others '•2'8'9. This early onset of cancer is consistent with an 
inheritedd predisposition. 

"PJS:: anyc ancer General ppuktion: any cancer Figuree 1: Risk of cancer from birth until a 
certainn age in Peutz-Jeghers syndrome 
comparedd to the general population. 

Ttii 11 inii 111 ii M i ii i in iiiiiiiii ii ii iiiiiimfi ii in in mi ii iiiiiiininirm 

II 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 

age(yeais) ) 

Thee majority of cancers encountered in our study were located in the gastrointestinal tract. 
Onlyy two verified small bowel carcinomas were found, one of which originated in the jejunem, 
whichh has only been reported sporadically in PJS 3'1718. Although the relative risk of small bowel 
carcinomaa seems increased, the majority of gastrointestinal cancers in PJS were found in the 
colon,, consistent with previous reports 3'l9. This corresponds to the distribution of gastrointestinal 
cancerr in the general population, and not to the most common location of hamartomatous polyps 
inn PJS, e.g. the small intestine. If hamartomatous polyps in PJS are true precursor lesions, one 
wouldd expect the highest incidence of gastrointestinal malignancies in the small intestine, where 
hamartomass can be found in ~80% of PJS patients20. This discrepancy indicates that, in addition 
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too inactivation of the PJS gene STKJ1, which is found m -65% of hamartomatous polyps21, other 
factorss modulate careinogeneis in PJS. Of note, altough some of reports of small intestinal 
carcinomaa in PJS undoubtly represent true cases, some may represent benign pseudoinvaded 
smalll  bowel polyps. Due to mechanical forces, PJS polyps in the small bowel are inclined to cause 
epitheliall  displacement, giving the impression of invading carcinoma at macroscopic and 
microscopicc evaluation. This 'pseudoinvasion' in PJS can closely mimiek adenocarcinoma 22 22>>  On 
histologicall  revision, we found two cases of pseudoinvasion in the small bowel in our study. 

Observedd Expected RR p-vahie 

Alll  cancers (botit sexes) 

Colon n 

Stomach h 

Pancreas s 

Breastt cancer (female) 

Ovaryy (female) 

19 9 

4 4 

2 2 

1 1 

2 2 

1 1 

1.0168 8 

0,0627 7 

0.0865 5 

0.0564 4 

0.0819 9 

0.0245 5 

18.7 7 

95.7 7 

34.7 7 

27.5 5 

24.4 4 

40.8 8 

<0T0001 1 

<< 0.0001 

<0.01 1 

<0.05 5 

<0.0l l 

<0.05 5 

Tablee 3: Relative risk (RR) of site specific 
cancerr in PJS patients compared to the general 
population.. Observed cases (PJS patients) and 
expectedd cases (according to cancer incidence 
inn the general population are listed. Relative 
riskrisk (RR) is ratio of observed and expected 
cases.. Site specific cancers encountered in the 
studyy cohort (PJS patients) are listed if accurate 
incidencee rate» from the general population are 
available.. Cancer cases occurring between 
19SQQ and 1999 are included. P-varues were 
estimatedd assuming a Poisson-distribution. 

Nongastrointestinall  cancers in PJS occurred predominantly in the female breast. In 
additon,, cases of testicular (seminoma), ovary (cystadenoma), pancreatic, skin (melanoma), 
kidneyy and nasal cavity cancer were encountered. Several rare tumours have been attributed to 
PJS,, such as adenoma malignum of the cervix, sex cord tumour with annular tubules (SCTAT) of 
thee ovary, and Sertoli cell tumour of the testes. None of these were detected in the 92 patients 
studied-- Overestimation of the frequency of these tumours by ascertainment bias is likely, and 
largerr cohorts of patients are needed to assess the true risk of those lesions in PJS. Also, SGTAT 
havee been reported to occur silently in PJS, often being found accidentally during laparotomy23. 
Thus,, SCTAT could have been present in PJS patients without being detected. 

Inn conclusion, PJS patients have an increased risk of cancer. Besides inducing the 
formationn of hamartomatous polyps and melanin pigmentation, inherited mutations in STKll 
predisposee to a variety of intestinal and extra-intestinal malignancies. This wide tumour spectrum 
makess screening and surveillance a difficult task, although it seems essential to reduce cancer 
mortality.. Thé development of screening protocols based on available reports of cohorts of 
patientss seems warranted 
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Summaryy and concluding remarks 

Patientss affected by the autosomal dominant gastrointestinal polyposis syndromes, such as 
familiall  adenomatous polyposis (FAP) and Peutz-Jeghers syndrome (PJS), have an increased risk 
forr intestinal and extra-intestinal malignancies. There is also high morbidity/mortality from 
benignn lesions, for example intestinal hamartomas causing intussusception in PJS. Improvement 
off  care for individuals pre-disposed to these syndromes depends on (i) recognition of affected 
individualss and risk-assessment based on genetic testing, (ii) the development of primary and 
secondaryy chemopreventive treatment modalities, (iii ) the development of biomarkers for 
surveillancee and of chemopreventive treatment outcome, and (iv) optimalization of surveillance 
guideliness based on estimations of the cancer risk in cohorts of patients. Of note, carcinogenesis 
inn hereditary gastrointestinal cancer syndromes reflects sporadic carcinogenesis. Therefore, 
investigationss of the pathogenesis of these syndromes have importantly contributed to our 
understandingg of colorectal carcinogenesis in the general population. Also, studies of 
gastrointestinall  cancer syndromes will be essential in the future development of large-scale 
preventivee strategies against sporadic colorectal cancer, which is the second leading cause of 
cancerr relatedd death in the Western world. 

Thee studies described in part I of this thesis address the mechanism of sulindac-based 
chemopreventionn of adenomas in FAP, and investigate molecular alterations related to sulindac-
resistance.. Understanding sulindac-based chemoprevention and sulindac-resistance may help in 
thee development of unproved chemopreventive treatment regimens, and of biomarkers to monitor 
treatmentt outcome. Thé studies described in part ÏI of this thesis address molecular alterations in 
PJSS related tumors, and investigate the phenotype and cancer risk of PJS. 

Chapterr 1 of this thesis (introduction and outline) describes molecular and phenotypic 
aspectss of gastrointestinal polyposis syndromes, in particular FAP and PJS. FAP is caused by a 
germlinee mutation in the APC gene, the key tumor-suppressor gene of the colon, resulting in 
widespreadd initiation of the adenoma-carcinoma sequence. This is reflected by the development of 
multiplee adenomas and subsequently colorectal carcinoma at young age. Colectomy and close 
surveillancee are required; guidelines for management are listed. PJS is a hamartomatous 
gastrointestinall  polyposis syndrome, caused by a germline mutation in the STK11 tumor-
suppressorr gene. Although a very high cancer risk in PJS has been established, the pre-malignant 
potentiall  of hamartomas is still a matter of debate. Screening is required and guidelines are listed. 

Partt I: Chemoprevention of the Adenoma-Carcinoma Sequence 

Chapterr 2 reviews molecularr and clinical aspects of chemoprevention of the adenoma-
carcinomaa sequence with NSAJDs or COX-2 inhibitors. All reports of FAP patients treated with 
thosee agents are listed, showing that the chemopreventive effect is incomplete. Sulindac-resistant 
carcinomass appeared as flat ulcerative but infiltrating lesions in a rectum devoid of adenomas, 
suggestingg that sulindac may mask progression of the adenoma-carcinoma sequence. Also, current 
insightss in the mechanisms underlying chemoprevention are discussed. Chapters 3 and 4 show 
thatt sulindac affects the number and localization of apoptotic bodies (counted in H&E stained 
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slides)) throughput normal rectal epithelial crypts in FAP patients affected by adenomas who show 
aa clinical response (regression of adenomas) to treatment (chapter 3), but not in normal rectal 
epitheliumm of pre-symptpmatic FAP patients (chapter 4). In the affected colon, sulindac appears to 
interferee with the regulation of rectal epithelial cell kinetics, resulting in a relative increase in 
apoptosiss in surface cells compared with deeper crypts. However, this change appears inadequate 
ass a biomarker to monitor treatment efficacy, due to heterogeneity in the "apoptotic response", 
andd its non-predictive nature inpre-symptomatic FAP patients on sulindac. Furthermore, counting 
apoptoticc bodies in H&E stained slides could not predict the development of adenomas in pre-
symptomaticc FAP patients, precluding its use as a biomarker in surveillance programs. Chapter 5 
showss that sulindac resistant adenomas frpm FAP patients (n=34) display less nuclear 
accumulationn of B-catenin and less COX-2 expression when compared to adenomas removed 
beforee treatment with sulindac (baseline) from the same FAP patients (n=9) or FAP patients with 
aa complete response to sulindac (n=14). These differences may reflect intrinsic features of 
resistantt adenomas, or point to down-regulation of these factors by sulindac. Furthermore, there 
weree more K-RAS mutations in resistant adenomas compared to baseline adenomas, suggesting 
thatt K-RAS contributes to resistance. The effect of sulindac on nuclear B-catenin was further 
exploredd in chapter 6. Adenomas from FAP patients removed before treatment with sulindac 
(n=17)) had more nuclear B-catenin when compared to adenomas from the same patients removed 
afterr up to 6 months sulindac treatment (n=17), Sulindac-resistance appears to develop after 6 
monthss of treatment. Thus, the most likely explanation for our finding is that sulindac decreases 
nuclearr accumulation of B-catenin. This conclusion is supported by in vitro experiments showing 
diminishedd B-catenin/TCF mediated transcriptipn in colorectal cancer cell lines (DLDl and 
SW480)) exposed to sulindac or indometfaacin. Also, NSAIDs decreased the expression of non-
phosphorylatedd (oncogenic) B-catenin and the positively regulated TCF-targets Met and cyclin-
Dl ,, but increased the expression of the negatively regulated TCF-target CD68. This is cpnsistent 
withh downregulation of nuclear (oncogenic) fi-catenin. 

Partt II: Molecular and Phenotypic Studies of Peutz-Jeghers Syndrome 

Chapterr 7 is a historical note about Dr. Peutz and Dr. Jeghers and the initial reports about 
PJS,, The Dutch physician Peutz was the first to recognize the combination of characteristic 
melaninn pigmentation and gastrointestinal polyposis as a distinct syndrome in his publication in 
thee "Nederlandsch Maandschrift voor Geneeskunde" in 1921. Jeghers and colleagues provided a 
detailedd description of a series of patients with the disorder, and established the autosomal 
dominantt pattern of inheritance. Chapters 8 and 9 show mat carcinogenesis in PJS follows a 
differentt pattern than the usual adenoma-carcinoma sequence. Inactivation of STK11 by LOH of 
thee wild type allele was found in 38% of hamartomas (n=39) and 73% of carcinomas (n=l 1). 
Inactivationn of APC by mutations or LOH, or activating mutations in fi-catenin were not found in 
hamartomas,, and only rarely present in carcinomas. However, nuclear B-catenin was found in 
45%% of carcinomas, indicating that this pathway still seems involved in PJS-related 
carcinogenesis.. A minority of carcinomas had K-RAS mutations (18%), positive immunostainrag 
forr p53 (36%) or LOH at thep55-locus (10%), whereas none of the hamartomas displayed such 
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alterations.. Some hamartomas showed focal immunohistochemieal alterations with nuclear B-
cateninn (18%), or disturbed topographical expression of Ki67 and p2IWBfl/cipl (20%), possibly 
indicatingg neoplastic potential within these benign lesions. Furthermore, over-expression of COX-
22 was present in 25% of hamartomas (25%) and 64% of carcinomas, providing a rationale for 
chemopreventivee studies with NSAIDs or COX-2-inhibitors against carcinogenesis in PJS. 
Chapterr 10 describes inactivation of STK11 in PJS related but not in sporadic nasal polyps, 
providingg molecular-genetic support for the association between nasal polyposis and PJS, as 
originallyy reported by Dr. Peutz. Chapter 11 norther explores thé association between nasal 
polyposiss and PJS. Of 51 well documented Dutch PJS patients, 8 (16%) suffered from nasal 
polyposis.. One of those patients died from a nasopharyngeal carcinoma, possibly indicating a pre-
malignanii  potential of nasal polyps in PJS. Interestingly, PJS related nasal polyps rarely showed 
eosinophilia,, a hallmark of sporadic nasal polyps. Thus, PJS related nasal polyposis seems a 
distinctt entity with a different pathogenesis compared to sporadic nasal polyposis. COX-2 
expressionn in PJS related nasal polyps may be a potential target for experimental chemopreventive 
treatmentt with NSAIDs or COX-2 inhibitors. In chapter 12, the mucocutaneous pigmentation-
patternn in PJS patients (n=34) and matched controls (n= 110) is studied in detail. Atypical PJS-
likee pigmentation pattern was found in 71% of PJS patients and 15% of controls. The sensitivity 
andd specificity of this finding for the diagnosis PJS was 71% and 86% respectively. In particular, 
pigmentationss on the lips, buccal mucosa, peri-nasal skin and eyelids were associated with PJS. 
Fadingg of pigmentations with increasing age occurred in 18% of PJS patients. Missense mutations 
inn exon 4 may predispose to a more intense pigmentation pattern. Chapter 13 describes the tumor 
spectrumm and cancer risk in a cohort of 93 Dutch PJS patients. In addition to gastrointestinal 
carcinomas,, malignancies of the breast, pancreas, ovary, testis, kidney (Wilms tumor), skin 
(melanoma)) and nasal cavity were found. The cumulative risk of developing cancer (intestinal or 
extra-intestinal)) for both sexes was 59,6% until the age of 60. The mean age of cancer diagnosis 
wass 45 years. Ninety-two percent of PJS patients with cancer died from it a mean age of 45.6 
years. . 

Conclusionss and future developments: 

Althoughh NSAIDs based chemoprevention against the development of colorectal cancer in 
FAPP patients appears promising, clinical use is limited. The chemopreventive efficacy of NSAIDs 
iss incomplete and more powerful chemopreventive treatment regimens are needed to overcome 
resistance.. Combination therapy appears attractive in this regard, potentially increasing efficacy 
andd decreasing toxicity. Wider application of chemopreventive treatment against the development 
off  colorectal cancer depends on the identification of high-risk groups who will benefit from such 
ann approach. Whether NSAJDs-based chemoprevention of cancer is beneficial to patients with 
PJSS deserves further investigation. Studies in patients with hereditary noh-polyposis colorectal 
cancerr (HNPCC) are ongoing. Identification of biomarkers as intermediate endpoints for 
treatmentt outcome is essential to the development and clinical application of chemopreventive 
agents.. Using currently available methods, cell kinetic parameters are inappropriate biomarkers, 
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however,, more sensitive assays may become available in the nearby future. Also, proteomics-
basedd approaches may lead to the identification of new biomarkers. 

Furtherr progress depends on studies addressing the molecular biology of cancer, which 
wil ll  point to novel targets for treatment and chemoprevention. In particular, insights in the role of 
STKJ1STKJ1 and its interactors in PJS related carcinogenesis may provide novel viewpoints for cancer 
biology,, since it is the only known tyrosine-kinase with tumour-suppressive activity. Currently, no 
treatmentt modalities other than surveillance can be offered to PJS patients- Appropriate risk 
assessmentt and optimal surveillance is however hampered by (0 the absence of STK11 mutations 
inn a (small) subset of PJS patiënte, (ii) the wide inter- and intra-familial variation in the 
phenotypicc expression of PJS, and (in) the small numbers of patients reported in the few available 
riskrisk assessment studies. Also, studies prospectively investigating the value of surveillance 
strategiess in PJS are lacking, precluding an evidence-based approach. The future identification of 
aa second PJS gene, large international phenotype-genotype studies (currently undertaken), and 
longg term follow-up of prospectively initiated surveillance programs are needed to overcome 
thesee hurdles. 

Finally,, major efforts in cancer research should focus on prevention. Lessons from 
hereditaryy colorectal cancer with regard to surveillance and chemoprevention should be translated 
too the general population. The identification of individuals at risk for the development of 
colorectall  cancer is essential to increase the power of preventive programs. Therefore, (genetic) 
epidemiologicall  studies, investigating non-autosomal dominant predisposition, may importantly 
contributee to succesful prevention of colorectal cancer in the general populatioa 
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Gastrointestinalee Polyposis Syndromen: Chemopreventie, Pathogenese, en Fenotype 

Patiëntenn met een polyposis syndroom van de darm, zoals Familiaire Adenómateuze 
Polyposiss Coli (FAP) en Peutz-Jeghers syndroom (PJS), hebben een sterk verhoogd risico op het 
krijgenn van kanker van het maag-darm stelsel. Ook komt kanker van andere organen (extra-
intestinalee vormen van kanker) vaker voor bij deze patiënten. Er is een autosomaal dominant 
patroonn van overerving, waarbij 50% van de nakomelingen aangedaan is. Polyposis syndromen 
dienenn daarom tot de erfelijke kanker syndromen te worden gerekend. Naast een sterk verhoogd 
risicoo op kanker zijn er complicaties ten gevolge van goedaardige tumoren. Zo kunnen 
hamartomateuzee darmpoliepen van PJS patiënten leiden tot obstructie van de darm, waardoor 
dezee patiënten vaak al op jonge leeftijd buikoperaties moeten ondergaan. 

DeDe behandeling van polyposis syndromen én doelstellingen voor wetenschappelijk onderzoek: 
Hett optimaliseren en verbeteren van de behandeling én zorg voor patiënten met polyposis 

wordtt bepaald door: 
1.. Het vroegtijdig herkennen van aangedane individuen, en het bepalen van het risico-profiel 

voorr individuele patiënten aan de hand van genetisch onderzoek. Hierbij wordt gezocht 
naarr veranderingen (mutaties) in genen die aan het ontstaan van polyposis syndromen ten 
grondslagg kunnen liggen. Bij een aangedaan individu is de mutatie in alle cellen aanwezig 
(enn wordt daarom kiembaanmutatie genoemd), en kan worden doorgegeven aan het 
nageslacht. . 

2.. Het ontwikkelen van diagnostische tests die kunnen worden gebruikt voor vroegdetectie 
vann kwaadaardige cellen (kanker/carcinoom) of voorlopers daarvan (pre-maligne 
tumoren). . 

3.. Het ontwikkelen van medicamenteuze behandelingsmogelijkheden die het ontstaan van 
kankerr tegengaan (chemopreventie). 

4.. Het vinden van biomarkers die het resultaat van chemopreventieve behandeling kunnen 
voorspellen.. Een biomarker is een marker in bijvoorbeeld bloed of darmslijmvlies die 
afwijkendd is bij patiënten met poliepen, en die door behandeling normaliseert. 

5.. Het verbeteren van richtlijnen vóór periodieke controle {surveillance) van aangedane 
patiënten.. Deze richtlijnen dienen gebaseerd te zijn op uitkomsten van risico-schattingen 
inn grote groepen patiënten. 

HetHet ontstaan van darmkanker, de adenoma-carcinoma sequentie: 
Hett onderzoek naar erfelijke darmkanker syndromen leidt niet alleen tot verbetering van 

dee behandeling en zorg voor deze groep patiënten. Het ontstaan van kanker in deze patiënten kan 
namelijkk als een model worden gezien voor het ontstaan van kanker in de algemene bevolking. De 
beschikbaree kennis over het ontstaan van kanker is zelfs voor een belangrijk deel gevoed door 
studiess naar patiënten met FAP. De duizenden poliepen die bij deze patiënten ontstaan bieden de 
mogelijkheidd om verschillende voorstadia van kanker (pre-maligne poliepen) te vergelijken en 
bestuderen.. Dit soort studies hebben geleid tot een model voor het ontstaan van darmkanker 
vanuitt normaal darmslijmvlies via verschillende stadia van poliepen met steeds ernstigere 
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afwijkingenn (dysplasie), de zogenaamde adenoma-carcinoma sequentie. Progressie naar 
opeenvolgendee stadia in dit meerstapsmodel wordt gekenmerkt door het optreden van specifieke 
genetischee mutaties (Hoofdstuk 2: Figuur 1, pagina 23). Naar voorbeeld van de adenoma-
carcinomaa sequentie in de darm zijn soortgelijke stapsgewijze progressie modellen ook voor het 
ontstaann van andere carcinomen ontwikkeld 

ChemopreventieChemopreventie van de adenoma-carcinoma sequentie: 
Nonn steroidal anti-inflammatory drugs (NSAIDs), een groep geneesmiddelen waar ook 

aspirinee onder valt, kunnen de adenoma-carcinoma sequentie in de darm remmen. De eerste 
observatiee was een toevalsbevinding van een Amerikaanse chirurg die poliepen bij een patiënt 
mett FAP zag verdwijnen onder het gebruik van sulindac (een NSAID). Zijn publicaties hierover 
leiddenn tot de initiatie van placebo-gecontroleerde studies waarin adenomateuze (dysplastische, 
pre-maligne)) poliepen in patiënten met FAP in regressie gingen onder behandeling met sulindac 
(Hoofdstukk 2: Tabel 1, pagina 25 & Figuur 3, pagina 26). Omdat deze poliepen voorlopers van 
kankerr zijn, impliceert dit dat het ontstaan van kanker wordt geremd. Gróte epidemiologische 
studiess onder de algemene bevolking hebben inderdaad bevestigd dat regelmatig gebruik van 
aspirinee het risico op darmkanker vermindert. NSAIDs kunnen daarom wórden beschouwd als 
chemoprevèntievee medicijnen tegen het ontstaan van darmkanker. 

MechanismeMechanisme van chemopreventie; 
Hett mechanisme dat aan chemopreventie van darmkanker door NSAIDs ten grondslag 

ligt,, is slechts ten dele bekend. Een belangrijke deel van het effect lijk t te berusten op remming 
vann het cyclooxygenase-2 enzym (COX-2). COX-2 zet arachidonzuur om in prostaglandines 
(ontstekingss mediatoren) (Hoofdstuk 2: Figuur 2, pagina 24). Remming van COX-2 heeft een 
effectt pp celdood en migratie van tumorcellen (kanker), en tevens op vaatrneuwvorming 
(angiogenese)) waar tumorcellen van afhankelijk zijn. NSAIDs remmen naast COX-2 ook COX-1, 
datt onder fysiologische omstandigheden een belangrijke rol speelt. Recent zijn specifieke COX-2 
remmerss ontwikkeld die minder bijwerkingen hebben dan NSAIDs (met name NSAID-
geïnduceefdee maagzweren komen minder voor). Behandeling van FAP patiënten met een 
specifiekee COX-2 remmer (celecöxib) ïaat ook regressie van adenomateuze poliepen zien; het 
effectt is echter minder uitgesproken dan na behandeling met sulindac. Er wordt veel onderzoek 
gedaann naar andere mechanismen (COX-2 onafhankelijk) die ten grondslag zouden kunnen liggen 
aann het effect van NSAIDs tegen het ontstaan van darmkanker (zie ook Hoofdstuk 6). 

DeDe studies in dit proefschrift: 
Hett doel van de studies beschreven in deel I van dit proefschrift was om het mechanisme 

vann chemopreventie van poliepen bij FAP patiënten te bestuderen. Deel II beschrijft studies naar 
dee pathogenese van het Peutz-Jeghers syndroom (PJS), naar het phenotype (kenmerkende uitingen 
vann de ziekte) van PJS, en naar het geassocieerde risico op kanker. 

Hoofdstukk 1 (introductie en uiteenzetting van het proefschrift) is een overzicht van de 
moleculairee en klinische aspecten van de verschillende gastrointestinale polyposis syndromen, 
waarbijj  met name FAP en PJS uitgebreid besproken worden. FAP wordt veroorzaakt door een 
kiembaann mutatie in het APC (Adenomateuze Polyposis Coli) gen. Dit gen remt het ontstaan van 
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kleinee poliepen, en daarmee de initiatie van de adenoma-earcinoma sequentie. Door een defect in 
ditt gen ontstaan duizenden poliepen. Uiteindelijk is het onvermij delijk dat uit één van deze 
poliepenn kanker ontstaat, wat het preventief verwijderen van de dikke darm bij patiënten met FAP 
noodzakelijkk maakt. PJS is een hamartomateus polyposis syndroom, gekenmerkt door poliepen 
diee bestaan uit een woekering van goedaardige cellen (Hoofdstuk 7: Figuur 3, pagina 68). Het 
wordtt veroorzaakt door een mutatie in het STKI 1 gen. Patiënten hebben een sterk verhoogd risico 
opp kanker. Óf de hamartömateuze poliepen als pre-maligne moeten worden beschouwd, blijf t 
onderwerpp van discussie. Naast poliepen wordt PJS gekenmerkt door pigmentaties in het gelaat en 
opp het slijmvlies van de mond (Hoofdstuk 12: Figuur 2, pagina 112). 

DeelDeel I: Chémoprëventie van de adenoma-carcinoma sequentie: 
Hoofdstukk 2 is een review waarin de literatuur over chémoprëventie van darmkanker met 

NSAIDss en CÖX-2 remmers wordt bespreken. De beschreven patiënten met darmkanker tijdens 
behandelingg met sulindac (n=4) staan in Tabel 3 (pagina 27). Kanker in deze patiënten had een 
vlakk en ulcererend groeipatroon, hetgeen suggereert dat behandeling met sulindac poliepvorming 
remt,, maar het ontstaan van darmkanker niet zonder meer voorkomt. De hoofdstukken 3 en 4 
beschrijvenn het effect van sulindac op geprogrammeerde celdood (apoptose) in biopten van 
normaall  darmslijmvlies van FAP patiënten (Hoofdstuk 3: Figuur IA, pagina 36), Het doel van de 
studiess was om te evalueren of verandering in apoptose in het darmslijmvlies het beloop van de 
behandelingg met sulindac kan voorspellen. Bij patiënten met poliepen had sulindac effect op de 
distributiee van apoptose in het darmepitheel. Echter, dit effect was afwezig bij FAP patiënten 
zonderr poliepen bij aanvang van de behandeling (presymptomatische FAP patiënten). In deze 
laatstee groep patiënten kon verandering in apoptose het ontstaan van poliepen niet voorspellen. 
Apoptosee kan dus niet gebruikt worden als biomarker (zie boven) voor chëmopreventieve 
behandelingg met sulindac. Hoofdstuk 5 laat zien dat adenomateuze poliepen die resistent zijn 
voorr behandeling met sulindac, andere moleculair-genetische kenmerken hebben dan 
"onbehandelde""  adenomen. Hoofdstuk 6 beschrijft een alternatief mechanisme van 
chémoprëventiee van darmkanker door sulindac, onafhankelijk van de bovenbeschreven remming 
vann COX-2. In adenomateuze poliepen van patiënten met FAP werd minder nuclaire ophpping 
vann p-catenine gezien (Hoofdstuk 6: Figuur 1, pagina 58). Tevens werd in darmkanker-cellijnen 
minderr transcriptie door nucleaire ophoping van P-catenine gevonden, p-catenine wordt 
gereguleerdd door APC, het gen dat verantwoordelijk is voorde initiatie van het ontstaan van 
darmkankerr en voor de ziekte FAP. De resultaten van deze studie wijzen naar een effect van 
sulindacc tegen een genetische pathway die cruciaal is voor het ontstaan van darmkanker. 

DeelDeel II:  Pathogenese en Fenotype van het Peutz-Jeghers Syndroom: 
Hoofdstukk 7 is een historische beschrijving van de eerste publicaties over het Peutz-

Jegherss syndroom (PJS) door de Haagse internist Dr. Peutz (Hoofdstuk 7: Figuur 1, pagina 67) in 
hett Nederlandsen Maandschrift voor Geneeskunde in 1921, en door Dr. Jeghers (Hoofdstuk 7: 
Figuurr 2, pagina 67) in de New England Journal of Medicine in 1949. De hoofdstukken 8 en 9 
latenn zien dat het ontstaan van (darm-)kanker bij patiënten met PJS een andere moleculair-
genetischee route volgt dan de adenoma-carcinoma sequentie (zie boven). In PJS gerelateerde 
hamartömateuzee poliepen en Carcinomen (kanker) werden weinig veranderingen gevonden die aan 
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hett ontstaan van kanker in FAP en in de algemene bevolking (sporadisch darmkanker) ten 
grondslagg liggen. Wel werd inactivatte van het STK1J gen (Peutz-Jeghers gen) gezien, hetgeen 
nagenoegg niet voorkomt in sporadisch darmkanker. Een belangrijke bevinding was dat PJS 
gerelateerdee carcinomen COX-2 tot expressie brengen, waardoor het zinnig lijk t om het effect van 
NSAIDss of CÖX-2 remmers als chemopreventieve behandeling tegen het ontstaan van (darm-) 
kankerr te bestuderen. Hoofdstakken 10 en 11 laten zien dat neuspoliepen een uiting van PJS 
kunnenn zijn. De eerste publicatie over PJS door Dr. Peutz was getiteld: Overeen zeer 
merkwaardige,merkwaardige, gecombineerde familiaire polyposis van de slijmvliezen van den tracius 
mtestinaiismtestinaiis met die van de neuskeelholte, en gepaard gaande met eigenaardige pigmentaties van 
huidenhuiden slijmvliezen. Echter, neuspoliepen komen slechts bij een klein deel van de PJS patiënten 
voorr (16% van de Nederlandse PJS patiënten) en worden frequent gezien in de algemene 
bevolkingg (7%). Daardoor werden neuspoliepen over het algemeen niet tot het syndroom 
gerekend.. De pathogenetische relatie met het STK11 gen (Hoofdstuk 10), en microscopische 
verschillenn in vergelijking met sporadische neuspoliepen (Hoofdstak 11) laten echter zien dat de 
initiëlee observatiee van Dr. Peutz juist was. Eén PJS patiënt met neuspoliepen (Hoofdstuk 11: 
Figuurr 1, pagina 102) overleed ten gevolge van kanker van de neusholte. Dit suggereert dat 
neuspoliepenn in PJS een pre-maligne karakter kunnen hebben. Hoofdstak 12 is een gedetailleerde 
beschrijvingg van de pigmentaties bij PJS patiënten. Typisch is een patroon van pigmentatie op de 
lippen,, in de mond, rond de neus, rond de ogen en op de oogleden. Een PJS-pigmentatie patroon 
werdd echter sporadisch ook gezien bij gezonde vrijwilligers. Bij PJS patiënten kan de pigmentatie 
verdwijnenn (Hoofdstuk 12: Figuur 2, pagina 112), en wordt bij een klein aantal nooit gezien. De 
diagnostischee waarde van PJS-pigmentatie is dus beperkt. Hoofdstuk 13 is een beschrijving van 
hett kanker-risico in een cohort van 93 goed omschreven PJS patiënten. Naast kanker van het 
maag-darmm stelsel werden ook andere vormen van kanker gezien (Hoofdstuk 13: Tabel l,Page 
118).. Het cumulatieve risico op kanker tot een leeftijd van 60 jaar was 60% (Hoofdstuk 13: 
Figuurr 1, pagina 120), dé gemiddelde leeftijd waarop kanker bij PJS patiënten werd gevonden was 
455 jaar. 

HoeHoe verder? 
Chemopreventiee van darmkanker met NSAIDs of COX-2 remmers lijk t veelbelovend, 

maarr wordt vooralsnog slechts op beperkte schaal toegepast bij patiënten met FAP. Voor een 
brederee toepassing is het van belang om risico-groepen voor het ontstaan van darmkanker die 
gebaatt zijn bij chemopreventieve behandeling te identificeren. Tevens is onderzoek naar 
biamarkersbiamarkers die het beloop van de behandeling voorspellen van belang, opdat het ontstaan van 
carcinomenn tijdens behandeling tijdig kan worden gesignaleerd. Inzicht in het mechanisme van 
resistentiee kan leiden tot de ontwikkeling van effectievere therapie. Dier-experimenteel onderzoek 
laatt veelbelovende resultaten van combinatie-chemopreventieve therapie zien (NSATDs 
gecombineerdd met een tweede medicijn). Het onderzoeken van de chemopreventieve waarde van 
NSAIDss of COX-2 remmers bij patiënten met PJS lijk t gerechtvaardigd. Patiënten met PJS 
hebbenn een verhoogd risico op een breed scala aan tumoren. Recent is een meta-analyse over het 
kanker-risicoo in PJS gepubliceerd, en een grote internationale studie over kanker in PJS wordt 
binnenkortt afgerond. De resultaten van deze onderzoeken zullen moeten worden verwerkt in 
verbeterdee richtlijnen voor periodieke controle. 
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Tenslottee moet de kennis die is vergaard met studies naar preventie van darmkanker in 
erfelijkee kanker syndromen worden vertaald naar de algemene bevolking. Preventieve 
programma'ss winnen aan waarde indien zij kunnen worden toegespitst op individuen met een 
verhoogdd risico. Genetisch epidemiologische studies kunnen daarbij inzicht geven in predtpositie 
voorr en risico op (darm-)kanker. 
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Stellingenn behorende bij het proefschrift 

GastrointestinalGastrointestinal polyposis syndromes, Mechanism of Chemoprevention with NSAIDs and 
MolecularMolecular and Phenotypic studies ofPeuU-Jeghers syndrome 

Josbertt J. Keller, Universiteit van Amsterdam, 20 juni 2003 

1.. De toepassing van non steroidal anti-inflammatory drug? (NSAIDs) voor chemopreventie 
vann darmkanker is alleen zinvol in duidelijk omschreven risico-groepen. 

2.. Moleculaire kenmerken van adenomen die ontstaan tijdens behandeling met sulindac 
verschillenn van moleculaire kenmerken van "onbehandelde" adenomen. 

3.. NSAIDs verminderen de nucleaire accumulatie van {ï-catenine en de daarmee gepaard 
gaandee oncogene transcriptie. 

4.. Expressie van cyclooxygenase-2 (COX-2) in Pêutz-Jeghers gerelateerde carcinomen en 
dysplastischee hamartomen rechtvaardigt onderzoek naar chemopreventie met NSAIDs of 
specifiekee COX-2 remmers. 

5.. NSAIDs of COX-2 remmers kunnen alleen effectief worden gebruikt tegen het ontstaan 
vann darmkanker als onderdeel van combmatie-chemopreventieve therapie. 

6.. Carcinogenese in het Peutz-Jeghers syndroom verloopt via een andere moleculair-
biologischee route dan sporadische carcinogenese. 

7.. Neuspoliepen bij patiënten met het Peutz-Jeghers syndroom dienen als extra-intestinale 
Peutz-- Jeghers gerelateerde hamartomen met een mogelijk pre-maligne potentie te worden 
beschouwd. . 

8.. Dysplasie wordt gekenmerkt door verlies van de topografische controle van proliferatie en 
apoptosee in het crypt epitheel; absolute veranderingen in deze processen zijn van 
ondergeschiktt belang tijdens de initiële fase van de adenoma-carcinoma sequentie. 

9.. Het niet openbaar maken van negatieve onderzoeksresultaten is een vorm van 
wetenschappelijkee misleiding. 

10.. Riante optieregelingen hebben het begrip hard voor de zaak een nieuwe dimensie gegeven. 

11.. Ook een onbereikbaar ideaal is bet nastreven waard. 
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