
Molecular pathology of colorectal cancer predisposing syndromes
Puijenbroek, M. van

Citation
Puijenbroek, M. van. (2008, November 27). Molecular pathology of colorectal cancer
predisposing syndromes. Retrieved from https://hdl.handle.net/1887/13286
 
Version: Corrected Publisher’s Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/13286
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/13286


Molecular pathology of colorectal cancer 
predisposing syndromes

Marjo van Puijenbroek



Kaft: ‘...op drift’, geschilderd door Inge van der Heijdt, 2000

The studies described in this thesis were performed at the Department of Pathology, 
Leiden University Medical Center, Leiden, The Netherlands.

The printing of this thesis was financially supported by Stichting Nationaal Fonds tegen 
Kanker –voor onderzoek naar reguliere en alternatieve therapieën, the J.E. Jurriaanse 
Stichting and Novartis Oncology.

Layout and printing: Optima Grafische Communicatie, Rotterdam, The Netherlands



Molecular pathology of colorectal cancer 
predisposing syndromes

Proefschrift

ter verkrijging van 
de graad van Doctor aan de Universiteit Leiden,

op gezag van Rector Magnificus prof. mr. P.F. van der Heijden,
volgens besluit van het College voor Promoties

te verdedigen op donderdag 27 november 2008
klokke 15.00 uur

door

Marjo van Puijenbroek
geboren te Goirle

in 1972



Promotie commissie

Promotor: Prof. Dr. H. Morreau

Co-promotor: Dr. T. van Wezel

Referent: Prof. Dr. R.M.W. Hofstra

Overige leden: Prof. Dr. M.H. Breuning
 Prof. Dr. G.J. Fleuren
 Dr. F.J. Hes
 Prof. Dr. G.J.A. Offerhaus
 Dr. H.F.A. Vasen



Als je nadenkt over het
mysterie van de scheppende

voortgang van de natuur, word
je overstelpt door het besef van

de begrenzingen van het
menselijk intellect.

(A.N. Whitehead)

Aan mijn ouders

Voor Francien en Herman





7

Contents

Aim and outline of this thesis 9

List of abbreviations 11

Chapter 1 General introduction 13

Chapter 2 Microsatellite instability, immunohistochemistry, and additional 
PMS2 staining in suspected hereditary nonpolyposis colorectal 
cancer. Clin Cancer Res. (2004) 10:972-980.

33

Chapter 3 Genome-wide copy neutral LOH is infrequent in familial and 
sporadic microsatellite unstable carcinomas. Fam Cancer. (2008) 
DOI: 10.1007/s10689-008-9194-8.

45

Chapter 4 Identification of (atypical) MAP patients by KRAS2 c.34 G>T 
prescreening followed by MUTYH hotspot analysis in formalin-
fixed paraffin-embedded tissue. Clin Cancer Res. (2008) 14:139-142.

59

Chapter 5 High frequency of copy neutral LOH in MUTYH-associated 
polyposis carcinomas. J Pathol. (2008) 216: 25-31.

65

Chapter 6 The natural history of a combined defect in MSH6 and MUTYH in a 
HNPCC family. Fam Cancer. (2007) 6:43-51.

75

Chapter 7 Mass spectrometry-based loss of heterozygosity analysis of 
single-nucleotide polymorphism loci in paraffin embedded 
tumors using the MassEXTEND assay: single-nucleotide 
polymorphism loss of heterozygosity analysis of the protein 
tyrosine phosphatase receptor type J in familial colorectal cancer. 
J Mol Diagn. (2005) 7:623-630.

87

Chapter 8 Homozygosity for a CHEK2*1100delC mutation identified in 
familial colorectal cancer does not lead to a severe clinical 
phenotype. J Pathol. (2005) 206:198-204.

97

Chapter 9 Concluding remarks and implications for the future 107

Chapter 10 Summary 119

Chapter 11 Nederlandse samenvatting 127

Curriculum vitae 133

List of additional publications 135





9

Aim and outline of this thesis

Each year, approximately eleven thousand new colorectal cancer (CRC) patients are 
registered in the Netherlands. Half of these patients will eventually die of this disease, 
especially those in whom metastasis to regional lymph-nodes or distant organs was 
present at the time of surgery. Consequently, it is of great importance to identify indi-
viduals with an increased risk for CRC. Timely colonoscopic surveillance offered to such 
individuals could lead to a reduction in the incidence of CRC and a reduction in overall 
mortality. A way to identify individuals at risk is to look at their family history in terms of 
the type of cancer and its presence in multiple family members combined with an early 
age of onset. The majority of families with highly penetrant syndromes will be identified 
on the basis of their clinical appearance.

Molecular tumor testing can be applied to direct germline gene testing as a cost ef-
fective approach in index patients of these families. Subsequently, these patients will 
be screened for the presence of a germline defect in the known high risk genes (MLH1, 
PMS2, MSH2, MSH6, or MUTYH). After identification of the underlying gene defect(s) 
causing a high risk of CRC, pre-symptomatic testing can be offered to these families, 
and screening options can be discussed in mutation carriers and individuals at risk who 
choose not to be tested. CRC families without identified mutations are due to either 
an undetected defect in known genes or the single high risk gene not yet having been 
identified as a target for mutations. Alternatively, the high risk for CRC could be the 
result of a combination of gene variations, with each contributing a low level of risk.

This thesis describes the search for molecular pathology tools that can play a role in 
identifying individuals with an increased risk for CRC based on their genetic makeup and 
it provides insight into the tumorigenesis of familial CRC.
The described work can roughly be divided into:
1) The use of reliable methods that are applicable for formalin-fixed paraffin-embed-

ded (FFPE) tissues, which is of utmost importance since the majority of tumor tissue 
from familial CRC is only available as FFPE tissue.

2) Tumor profiling to guide genetic testing strategies and clinical genetic decision 
making, to gain insight into the tumorigenesis of familial CRC (including Lynch 
syndrome and MUTYH-associated polyposis), and to study the role of CHEK2 and 
PTPRJ.

Chapter 1 provides a brief overview of colorectal tumorigenesis and a general in-
troduction of the factors that determine the individual risk of CRC and inheritable CRC 
syndromes. The contribution of low level genetic risk factors and environmental factors 
in causing CRC are also discussed.

In chapter 2 we evaluate the results of microsatellite instability (MSI) analysis in two 
groups of individuals suspected for Lynch syndrome: one that fulfills the Bethesda cri-
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teria and a separate group that does not fulfill those criteria. Furthermore, we compare 
the results of immunohistochemical (IHC) staining and MSI analysis and assess the ad-
ditional value of PMS2 staining.

In chapter 3, we compare genomic profiles using single nucleotide polymorphism 
(SNP) arrays in three groups of archival tumors that show a high frequency of microsatel-
lite instability (MSI-high). In one group MSI-high is caused by a pathogenic mutation in 
one of the mismatch repair (MMR) genes, MLH1, PMS2, MSH2, and MSH6 (23 patients). A 
second set of tumors consists of MSI-high carcinomas from patients with an unclassified 
variant (UV) in one of the MMR genes (8 patients). A third group contains sporadic colon 
carcinomas with microsatellite instability due to MLH1 promoter hypermethylation (10 
patients).

Chapter 4 describes the value of KRAS2 somatic mutation analysis for identifying pa-
tients with (atypical) MUTYH-associated polyposis (MAP). FFPE tumor tissues were stud-
ied for KRAS2 mutations followed by MUTYH hotspot analysis in normal FFPE materials.

In chapter 5, the patterns of genomic instability in MAP carcinomas are described. 
Twenty-six carcinomas of MAP patients were studied for ploidy, genome-wide copy 
number variations, and copy neutral loss of heterozygosity (cnLOH).

Chapter 6 describes a large family in which gene defects of MUTYH and MSH6 co-
segregate. In particular, we studied the tumors in a family branch with combinations of 
defects.

In chapters 7 and 8, we studied the individual effect of the cancer susceptibility alleles 
(PTPRJ*1176 A>C and CHEK2*1100delC) in individuals with familial clustering of CRC.

Chapter 9 contains concluding remarks and a discussion of the future implications of 
this study.

Chapter 10 summarizes the work described in this thesis.
Chapter 11 summarizes the work described in this thesis in Dutch, contains the cur-

riculum vitae and the list of additional publications.
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List of abbreviations

AFAP attenuated FAP
BER base excision repair
CD Cowden disease
CIMP CpG island methylator phenotype
CIN chromosomal instability
cnLOH copy neutral loss of heterozygosity
CRC colorectal cancer
FAP familial adenomatous polyposis
FFPE formalin-fixed paraffin-embedded
GWA genome-wide association
HPPS hyperplastic polyposis
IHC immunohistochemistry
JPS Juvenile polyposis syndrome
LOH loss of heterozygosity
MAP MUTYH-associated polyposis
MINT methylated in tumors
MMR mismatch repair
MSI-high microsatellite unstable
MSI or MIN microsatellite instability
MSS microsatellite stable
MTS Muir Torre syndrome
PAH polycyclic aromatic hydrocarbons
PJS Peutz-Jeghers syndrome
SNP single nucleotide polymorphism
TS Turcot syndrome
UV unclassified variant


