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 sUmmary
Colorectal cancer (CrC) is a major healthcare problem, with high incidence 
and mortality rates1. CrC develops in a multistep manner in which the accumu-
lation of (epi)genetic events leads to aberrant protein expression contributing 
to uncontrolled cell growth and behavior. the aim of this thesis was to iden-
tify cancer-associated proteins, which can function as biomarkers to address 
various clinical needs.
 in chapter 2, an overview of the recent colon cancer proteomics studies 
directed at identification of biomarker proteins is provided. in summary, 
especially label-free proteomics has emerged as a suitable strategy for CrC 
biomarker discovery and the current technological developments are expected 
to increase the number of large-scale studies including validation on clinical 
samples. most of the novel biomarkers still await validation due to lack of suit-
able assays and samples. However, it is expected that targeted approaches 
based on mass spectrometry and large-scale antibody development efforts will 
boost validation for clinical application. 
 in chapter 3 the identification of novel candidate biomarkers for early 
detection in (early-stage) mouse tumor and normal colon secretomes is 
described. in total 2172 proteins were identified of which 192 proteins were 
significantly more excreted by tumor tissues. in this study a selection of 52 
top candidate proteins was made, including s100a9, mCm4, and four other 
proteins that have been proposed as candidate biomarkers for human CrC 
screening or surveillance. in addition, CHi3l1 was verified as increased in 
sera from patients with adenomas and advanced adenomas compared to sera 
from control individuals (employing elisa analysis). a potential drawback of 
the study was that the mouse model (fabplCre;Apc15lox/+) employed does not 
reflect the heterogeneity and molecular diversity of human CrC tumors. 
 therefore a similar study was performed using human tissue secretomes, 
described in Chapter 4. for this study, secretomes from four pairs of human 
tumor and patient-matched normal colon tissues were analyzed. this revealed 
a total of 2703 proteins of which 409 proteins were significantly more excreted 
by colon tumor samples than by normal colon tissues. in this study, we also 
analyzed the secretomes of five CrC cell lines and performed overlap analysis 
to select candidate markers that are more likely to be derived from the tumor 
epithelium than from the tumor stroma (inflammation related processes). 
overlap analysis with the previously obtained mouse (early-stage) CrC 
dataset resulted in a list of candidate biomarkers potentially suitable for early 
detection. the overexpression of one of the candidates (i.e. mCm5) was veri-
fied by immunohistochemistry. the presence of several proteins previously 
reported to be valuable for early detection or prognosis led us to conclude 
that the identified proteins in this study are of value and potentially applicable 
for blood- or stool-based testing. these candidate biomarkers await further 
validation. 
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 one approach to select for proteins potentially applicable in a stool- or 
blood-based test would be to identify the proteins present in such samples. 
in chapter 5, we analyzed the protein content of stool samples. in total 830 
human proteins were identified in the discovery set, consisting of stool 
samples from 10 subjects without any signs of colorectal neoplasia at colo-
noscopy (controls) and from 12 CrC patients. of these 830 proteins, 134 were 
significantly enriched in CrC samples. in total, 33 candidate biomarkers were 
selected for validation by targeted mass spectrometry, including proteins that 
could discriminate advanced adenoma and/or CrC patients from controls or 
non-advanced adenoma patients. selected reaction monitoring-ms (srm) on 
a first selection of 13 proteins in an independent verification sample set was 
consistent with the lC-ms/ms data, confirming that this approach can be 
used for large-scale validation of these candidate biomarkers without the need 
for antibody-based assays.
 in chapter 6, we set out to identify cell surface proteins from CrC cells 
that may be specific for high-risk adenomas and carcinomas. these proteins 
are promising candidate targets for emerging molecular imaging modalities 
like optical imaging, 19f-mri and positron emission tomography. in total, 2609 
proteins were identified and of these, based on integration with previously 
obtained mrna expression data we selected 44 proteins as most promising 
cell surface candidate biomarkers for adenoma-to-carcinoma progression. 
this selection was based upon increased mrna expression in CrCs compared 
to adenomas. immunohistochemistry was applied to confirm increased protein 
expression in high-risk adenomas and CrCs compared to low-risk adenomas 
for GlUt1 and PrPC. the verification of GlUt1 and PrPC confirmed that the 
approach was valid for the identification of adenoma-to-carcinoma progres-
sion associated biomarkers. further validation of GlUt1 and PrPC and other 
candidates presented in this study is required to determine the suitability of 
these markers for various applications.
 Previously, mrna expression profiling demonstrated the lumican (LUM) 
and versican (VCAN) genes to be overexpressed in carcinomas compared 
to adenomas2. in Chapter 7, lumican and versican protein expression in 
colon adenomas and carcinomas was investigated by immunohistochem-
istry. lumican expression was elevated in CrCs compared to adenomas, and 
versican expression in the tumor stroma was elevated in carcinomas compared 
to adenomas. therefore, both lumican and versican are potentially involved in 
adenoma-to-carcinoma progression. further studies are required to elucidate 
the specific roles of these proteins in the tumor stroma and the epithelial cells 
of CrC and their influence on adenoma-to-carcinoma progression. 
 the potential prognostic value of these two proteins in CrC stage ii and 
iii tumors was investigated in chapter 8. Versican expression by epithelial 
cells in the periphery of the tumor was associated with a longer disease-free 
survival for stage ii and iii patients, stage iii patients only, stage iii patients with 
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microsatellite-instable tumors, and stage iii patients with microsatellite-stable 
tumors who did not receive adjuvant chemotherapy. lumican expression 
in epithelial cells in the tumor was associated with a longer disease-spe-
cific survival in stage ii patients and with a longer disease-free survival and 
disease-specific survival in microsatellite-stable stage ii patients. there-
fore, our results supported a tumor suppressor role for lumican as was also 
suggested previously3. Versican expression in the tumor stroma was previ-
ously associated with a worse disease outcome, explained by the influence of 
versican on cell adhesion, proliferation, migration and angiogenesis4. since our 
results showed that expression of versican in the tumor epithelium is associ-
ated with a longer disease-free survival, this may indicate that versican plays 
another role in the epithelium. 
 in chapter 9, the special at-rich sequence-binding protein 2 (satB2), was 
described as a colon tissue type-specific protein. tissue microarray immuno-
histochemistry was used to analyze the extent of satB2 expression in tissue 
from primary and metastatic CrCs (n=1882). our results showed that satB2 
is a sensitive and highly specific marker for CrC with distinct positivity in 85% 
of all CrCs, and that satB2 and/or Ck20 expression was present in 97% of 
CrCs. the specific expression of satB2 in a large majority of CrCs suggested 
that satB2 can be used as an important complementary tool for the differ-
ential diagnosis of carcinoma of unknown primary origin. a large prospective 
study is needed to unravel the full potential of satB2 as a diagnostic biomarker 
for cancers of unknown primary origin.
 in conclusion, the studies described in this thesis have generated new 
protein biomarkers for early detection, diagnosis and prognosis that support the 
development of novel in vitro diagnostic assays and in vivo molecular imaging 
applications, to aid and improve the clinical management of colorectal cancer.

 fUtUre PersPeCtiVes
 Validation of current findings
few novel potential biomarkers actually reach the phase of clinical utilization: a 
deficit that is mostly due to lack of proper validation. an ideal biomarker devel-
opment pipeline should contain the following elements: candidate discovery, 
qualification, verification, research assay optimization, biomarker validation 
and commercialization5. 
 the ultimate validation for a secreted biomarker would be detection in 
blood or stool. Potential secreted proteins that await verification and valida-
tion include the top candidate biomarkers of chapters 3 and 4. these include 
many promising biomarkers for early detection of CrC in blood or stool like  
the mCm5 protein and other mCm family members that were detected in  
both studies.
 Probably, elisa would be the most suited assay, as was applied for 
CHi3l1 in chapter 3, but unfortunately only a small number of elisa assays for 
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well-known proteins are commercially available resulting in only the validation 
of known biomarkers6,7. an alternative technique for validation is targeted mass 
spectrometry (srm). this is an antibody-independent approach that is theo-
retically applicable on all proteins and allows for multiplexing8.
 Cancer specific proteins detectable in stool are especially interesting for 
early detection of CrC since they are relatively easy to detect in a non-invasive 
manner. in chapter 5 the identification of such proteins is described and veri-
fication results of 13 proteins using srm are presented; currently, validation of 
these and other proteins is ongoing in a large cohort. another set of candidates 
awaiting verification and validation are the cell surface proteins presented in 
chapter 6. expression levels of those candidate biomarkers could be assessed 
with srm in (crude) plasma membrane fractions or even tumor lysates.
 immunohistochemistry is an alternative method to validate cell surface 
candidates, which was already applied for GlUt1 and PrPC in chapter 69. the 
advantage of immunohistochemistry is that not only expression levels can be 
assessed with this (semi-quantitative) technique, but also the cell surface (or 
other) localization could be verified. one of the most promising cell surface 
candidates that now requires further validation is GlUt1. this protein is of 
interest as a marker for molecular imaging of high-risk adenomas and carci-
nomas. the uptake of glucose is generally increased in cancer cells resulting 
from the switch of oxidative phosphorylation to glycolysis also known as the 
Warburg effect. to achieve this, cancer cells increase expression of glucose 
transporters like GlUt1. our results show that this is also the case in high-risk 
adenomas. therefore we expect that these adenomas may also show fdG-Pet 
positivity (based on uptake of a glucose analog i.e. fdG), which could be used 
as indication for recommended removal of such an adenoma10. furthermore, 
fdG-Pet is currently applied in monitoring CrC recurrence11, and fdG accu-
mulation was found to be increased in colon tumors with KRAS/BRAF muta-
tions12, indicating that glucose uptake can give insights in tumor biology that 
are clinically relevant. detection of GlUt1 could be employed similar to fdG 
and may improve the current sensitivity and specificity. 
 in the studies described in this thesis, several potential biomarkers were 
identified; all of those require further validation in independent clinical cohorts, 
and depending on the future application this should be done in tissue, stool or 
serum.

 Future clinical needs
a reduction in mortality rates of CrC is expected as a result of the implemen-
tation of screening programs13,14. screening programs will lead to an increase 
in detection of early stage tumors and a decrease of patients presenting with 
metastasized cancer. Clinical needs will shift accordingly. firstly, improvement 
of currently available screening programs for detection of high-risk adenomas 
and a higher sensitivity for CrC is warranted. detection of additional tumor 
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specific biomarkers in stool could provide such an improvement. secondly, 
better patient stratification for adjuvant treatment is needed since 20-30% 
of stage ii patients currently get a disease relapse15,16. in addition, exten-
sive disease recurrence monitoring programs for (successfully) treated 
CrC patients will be needed. therefore, biomarkers that can aid in tumor 
staging and sensitive tumor recurrence serum markers are required. Protein 
biomarkers suitable for molecular imaging could play a major role in such a 
follow-up program. lastly, the “one size fits all” approach in cancer treatment 
is expected to change. new patient-tailored drugs are in development, which 
will need companion diagnostics, to decide on who will benefit from those 
drugs and who won’t. 
 it is expected that the proteomics field will generate new insights into 
cancer biology and will deliver novel biomarkers for various approaches. the 
challenge ahead lies mainly in the validation of those biomarkers, for which 
technological advances and large-scale antibody development will be pivotal.
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