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General introduction 
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Colorectal cancer Colorectal cancer (CRC) 

is the second leading cause of cancer-related death 

in Western society, with incidence rates increasing 

annually in both the United States and the 

European Union. The estimated 5-year survival 

averages around 53% depending on the extent of 

the disease.(1, 2) 

The lifetime risk of developing colorectal 

cancer in the absence of personal or family history 

for the disease is 5-6%. These sporadic cases 

constitute the vast majority (80%) of all 

individuals diagnosed with colorectal cancer. A 

positive family history, i.e. an affected first degree 

and/or second degree relative, may increase the 

lifetime risk up to 20% and accounts for around 

15% of all colorectal cancer diagnoses. Despite 

evident familial predisposition, these patients 

have no verifiable inherited genetic defect. 

Approximately 5% of all newly diagnosed 

colorectal cancer cases are attributable to 

hereditary colorectal cancer susceptibility 

syndromes, comprising familial adenomatous 

polyposis (FAP) (1%), hereditary non-polyposis 

colorectal cancer (HNPCC) or Lynch syndrome 

(3%) and a variety of other conditions (1%) 

including the hamartomatous polyposis 

syndromes such as Peutz-Jeghers syndrome (PJS) 

and juvenile polyposis syndrome (JPS). These 

hereditary syndromes may have a lifetime risk of 

developing colorectal cancer reaching up to 80-

100% depending on the underlying genetic defect.

(3)

Adenoma-carcinoma sequence Colo-

rectal cancer develops along a series of 

histopathological steps. Normal intestinal 

epithelium may undergo dysplastic change, 

forming small adenomas, and proceed to larger 

adenomas containing high grade dysplasia. 

Eventually high grade dysplasia may progress into 

invasive carcinoma.(4) 

Investigation of the inherited cancer 

susceptibility syndromes has proven invaluable to 

our understanding of colorectal tumorigenesis. It 

has provided evidence of accumulating genetic 

changes underlying the stepwise colorectal cancer 

development. This has ultimately led to what is 

currently known as the “adenoma-carcinoma 

sequence”. The notion of a sequential colorectal 

adenoma-carcinoma progression model is 

fundamental to the contemporary approach of 

colorectal cancer research.(5) 

Familial adenomatous polyposis 

Different mechanisms driving the adenoma-

carcinoma sequence have been proposed. 

Initiation may occur in a direct manner through 

the inactivation of tumor suppressor genes. APC 

is such a gene and is a key component of the Wnt 

signalling pathway. Inactivation of APC leads to 

active Wnt signalling and Wnt target gene 

transcription. Wnt target genes directly modulate 

cell growth by repressing apoptosis and inducing 

proliferation. FAP patients carry a germline 

mutation in the APC gene. Subsequent somatic 

inactivation of the wild-type allele initiates 

neoplastic growth. As a result FAP patients 

develop countless adenomas. These tumors 
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progress to invasive cancer at a normal pace as 

dictated by the adenoma-carcinoma sequence. It 

is due to the sheer number of adenomas that FAP 

patients are at an increased risk of colorectal 

cancer. Biallelic inactivation of APC is also the 

rate limiting step in about 85% of sporadic 

colorectal cancers. APC thus seems to act as 

“gatekeeper” for neoplastic growth.(6)

Hereditary non-polyposis colorectal 

cancer Patients with HNPCC on the other hand, 

initiate adenomas at a rate similar to that of the 

general population, and yet have a markedly 

increased risk of these tumors progressing to 

invasive cancer. HNPCC is caused by an inherited 

defect of one of the cancer susceptibility genes 

involved in DNA repair known as the mismatch 

repair (MMR) genes, including MLH1 and MSH2. 

Inactivation of these genes leads to a greatly 

increased mutation rate resulting in microsatellite 

instability (MSI). The massive accumulation of 

mutations in the growth regulatory genes causes 

an accelerated progression to malignancy. Their 

role in DNA repair has prompted the MMR genes 

to become known as “caretaker” genes.(6) 

Juvenile polyposis A third CRC pathway is 

also one of indirectly acting cancer susceptibility 

genes and is largely based on studies of juvenile 

polyposis syndrome. 

Historically, the first documentation of a 

juvenile polyp by Diamond in 1939, described two 

polyps of the rectum in a 30-month-old girl that 

he considered to be of “congenital” origin and 

referred to as adenoma.(7) Subsequent accounts 

continued to designate these lesions as adenomas, 

as did Kerr in 1948. He reported on polyps of the 

colon in children resembling adenomatous polyps 

in adults, albeit colonic polyps in children had 

numerously more goblet cells and had smaller 

nuclei. He also noted inflammatory reaction of 

the stroma may be present but none the less 

considered polyps of the colon in children to be 

true neoplasms and not the result of local or 

diffuse inflammation.(8) 

Although the term adenoma was also used by 

Harris in 1953, he believed the immaturity and 

hyperactivity of the glands causing the 

adenomatous appearance, were, in fact, 

attributable to “youth” of the tissue rather than to 

neoplasia.(9) 

In 1957 Horrileno et al. agreed that 

development of colorectal polyps in children is 

not a neoplastic event. Rather, they argued, 

mechanical irritation by the feces of traumatized 

redundant mucosal folds may lead to hyperplasia 

of the mucous glands, ulceration of the surface 

epithelium and superimposed chronic 

inflammation. Increase in polyp size was thought 

to originate in proliferation of granulation tissue, 

distension of mucus-retention cysts and influx of 

inflammatory cells.(10)

Hamartoma Morson in 1962 first described 

juvenile polyps as malformation or hamartoma of 

the tissues of the intestinal mucosa, in particular 

of the mucosal connective tissue or lamina 

propria.(11) 

This view regarding the hamartomatous 

nature of juvenile polyps became widely accepted. 

In 1981, Lipper et al. described two types of 

hamartomatous juvenile polyps namely type 1 

with surface ulceration, oedematous and 

chronically inflamed stroma and glands of greater 

length, tortuosity and complexity, and type 2 

which were multilobulated with compact tubular 

glands lined by taller epithelium and void of 

surface erosion.(12) 

However, both phenotypes had foci suggestive 
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of adenomatous transformation which was 

substantiated by a third polyp type that was also 

encountered, containing a mix of the type 1 and 

type 2 phenotypes in a single juvenile polyp. 

Indeed, an increasing number of studies reported 

focal adenomatous transformation in juvenile 

polyps or even cancer together with juvenile 

polyps elsewhere in the gastrointestinal tract.(13, 

14) Several case series and literature case reports 

have since described an increased cancer risk of 

the colorectum, small bowel, stomach and 

pancreas to be associated with JPS (15-17) 

Meanwhile, the term juvenile polyposis had 

been introduced in 1964 by McColl and 

colleagues who in 1966 proposed a genetic 

predisposition to the disease.(18) In 1998, Howe 

et al. performed linkage analysis on a large JPS 

kindred and found germline mutation of deleted 

in pancreatic cancer 4 (DPC4) or SMAD4 in all 

affected members.(19) Three years later the same 

group identified bone morphogenic protein 

receptor 1a (BMPR1A) as second gene causing 

JPS.(20)

Landscaper theory In an attempt to 

reconcile the hamartomatous, i.e. non-neoplastic, 

origin of juvenile polyps with the observation of 

an expanded stromal compartment comprising a 

mixture of mesenchymal and inflammatory 

elements in juvenile polyps and their limited 

potential of becoming malignant, Kinzler and 

Vogelstein in 1998 launched the “landscaper” 

theory. They proposed that the increased cancer 

susceptibility due to inherited mutations in JPS is 

the product of an abnormal stromal environment.

(21) 

In support of the landscaper theory, it has 

recently been shown that transgenic inhibition of 

stromal BMP signalling in the intestine of mice 

leads to a phenocopy of JPS.(22) Also, one study 

reported somatic loss of the BMPR1A region 

exclusively in the lamina propria and not in the 

epithelium suggesting inactivation of BMPR1A 

might indeed be a stromal event.(23)

Smad4 heterozygous mice also developed 

hamartomatous polyps but with less prominent 

stromal features. Loss of heterozygosity (LOH) 

was found specifically in the epithelium of larger 

polyps.(24) Likewise, LOH of the SMAD4 locus 

was demonstrated in the polyp epithelium of JPS 

patients with a SMAD4 germline mutation 

suggesting SMAD4 may act as gatekeeper rather 

than as landscaper in JPS pathogenesis. 

OUTLINE OF THE THESIS

Our increasing knowledge of the pathogenesis 

of inherited gastrointestinal polyposis syndromes 

has proven elucidative in early detection and 

treatment of sporadic colorectal cancer. Chapter 2 

provides an overview of the three best known 

gastrointestinal polyposis syndromes: FAP, JPS 

and Peutz-Jeghers syndrome. The clinical 

manifestations, molecular genetics, pathogenesis 

and management of these syndromes are 

reviewed. This thesis deals with the clinical and 

molecular aspects of juvenile polyposis syndrome. 

JPS is associated with an increased cancer risk 

of colorectum, stomach, small bowel and 

pancreas, but no formal risk analysis exists. In 

chapter 3 we perform a person-year analysis to 

define the magnitude of risk for gastrointestinal 

cancer in JPS patients. 

In 30-40% of individuals diagnosed with JPS 

a germline mutation in SMAD4 or BMPR1A of 

the TGF-ß/BMP signalling pathway is found using 

conventional sequencing techniques. Multiplex 

ligation-dependant probe amplification (MLPA) 
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is a novel technique that can be used to detect 

copy number changes in genomic DNA 

sequences. Chapter 4 provides a comprehensive 

genetic analysis in a group of well documented 

JPS patients to determine the role of large 

genomic deletions in JPS pathogenesis, as revealed 

by MLPA. In chapter 5 we propose TGFBRII as 

JPS candidate gene and search for germline 

mutations in a group of JPS patients without 

germline mutations in the established JPS causing 

genes.

Although in appearance juvenile polyps share 

common features, phenotypes may vary 

considerably. Increasing knowledge of the genetics 

underlying the disease raise the possibility of 

investigating a potential genotype-phenotype 

correlation, the results of which are described in 

chapter 6.

In chapter 7 we address the role of SMAD4 in 

polyp formation and subsequent progression to 

dysplasia by validating SMAD4 protein expression 

as marker of SMAD4 status in juvenile polyps 

with a SMAD4 germline defect.

Lastly, in chapter 8 we explore the potential 

value of chemopreventive therapy in targeting 

juvenile polyp formation and neoplastic 

progression through investigation of COX-2 

expression in JPS polyps compared to sporadic 

juvenile polyps. 
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