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Chapter 1 s General introduchon

1.1 Introduction

Colorecral cancer is one of the most common forms of cancer in western coun-
tries. The annual incidence is second only to lung cancer in males and to breast
cancer in females'. In Europe the annual mortality rate reaches 80.000, in the
Netherlands alone 7500 new patients are diagnosed every year'. Like in most
solid tumours despite more intense treatment these figures have not substan-
tially improved over the past two decades.
Treatment of choice still remains radical surgery with adequare margins of colon
and removal of regional lymph nodes”’. Flowever, even after curative surgical
resection, S-year survival is in the order of 30-50%"". Chemo- and radiotherapy
have not dramatically changed survival’, although for Dukes C adenocarcino-
mas adjuvant chemotherapy (Fluorouracil and Levimasole) results in a reduc-
tion of the mortality rate to 33%’.
The two most important determinants of prognosis are stage and grade assessed
by pathologists. Stage is defined by the process of invasion and metastasis, grade
upon the differentiation of the tumour cells.
Tumour stage is based on the Dukes classificarion which describes the stage of
extension of the adenocarcinomas. [n this classification Dukes A is defined as
extension of the rumour into the submucosa or muscularis propria and Dukes B
8 as tumour growth through the bowel wall without metastasis. Dukes C tumours
in addicion show lymph node metastasis, while Dukes D" tumours grow into
adjacent organs and/or show distant metastasis. Throughout the years, different
modifications of the Dukes classification were introduced, such as the Astler-
Coller staging system" and the TNM classificarion of which a schematic over-
view is presented in Table 1. Staging of tumours only provides prognostic infor-
mation at the population level. It should be realized that at the individual level
chances of survival of patients within the same stage may substantially vary’.
Grading is much less relevant for prognostication than staging, but at the popu-
lation level well, moderately well and poorly differentiated carcinomas divided
according to architectural and cytonuclear features”* show slight differences in
respective survival. Histological grading, however, is subjective and great intra-
as well as interobserver variations have been reported. Other histological fearures
which have been evaluated as prognostic parameters include eosinophilia” and
the extent of the inflammatory infilerate as a reflection of the host respons to the
tumour. Jass ec al."™ combined tumour growth pattern and grade features in his
staging system (see also Table ).
Another way to assess tumour grade has been to analyse differentiational charac-
l;f:t!‘ib;l;ic:i of the tumour cell population through the expression of markers of dif-
terentiation which have been developed for the different cell lincages in the
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~Table 1.
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colonic epithelium identifying end stages of differentiation. For these nm,rﬁi:crs a
consistent prognostic significance has not been repor[cdgg whs;ea& these (?f[em
appear to be coexpressed in a large proportion of the tumours . An exeption,
however, seems to be neuroendocrine differentiation, which was repeatedly
found to correlate with worse prognosis”~ . Other investigators, hm\{f:vem re-
ported no prognostic significance for neuroendocrine differentiation™. ‘

The disappointing and inconsistent contribution of the available histological pa-
rameters to the establishment of prognosis forms the background of this study.
We reasoned that in search of markers for tumour behaviout, in stead of pa-
ramerers related to terminal tumour cell differentiation it might be more worth
while to ook for stem cell characteristics since these cells are responsible for tu-
mour growth, invasion and metastasis.

After a brief discussion of the molecular events in colorectal carcinogenesis in
this introductory chaprer, we will develop the stem cell concepr in relation to
differentiation in colon cancer and also discuss the role of cell adhesion in colo-

l‘(’;C[Zl.I cancer 17116?[215[351‘5.
1.2 Invasion and metastasis in colorectal cancer

The process of metastasis is divided into sequential steps™. First, the carci-
noma cell has o derach from the primary tumour probably by downregulating
the expression of specific cell-cell adhesion molecules™ . Secondly, ro traverse
the epithelial basement membrane, enhanced proteolytic activiry is needed”’.
Also, cell-basement membrane adhesion molecules have to be inactivated™. In
order to traverse the extracellular matrix, motility facrors should be ex-
pressed™ ", Thirdly, the barrier of lymph- or blood vessel wall has to be raken
for further dissemination and the carcinoma cells will have to survive in the cic-
culation. The pattern of metastaric spread probably is partly determined by site
specific interactions with organ specific endothelial cell properties and by tissue
specific microenvironment, Finally, the invasion process is reversed: traversing
of the vessel wall and extracellular macrix occurs and at the metastatic site again
cell-cell adhesion molecules are expressed to reescablish tissue architecture, fi-
nally resulting in a merastatic tumour.

1.2.1 Molecular carcinogenesis

The paradigm for molecular carcinogenesis of colorectal cancer is the Vogelstein
concept. A cascade of molecular evenes has been proposed in which to some ex-
tent the sequence, but more importantly the accumulation of a number of ge-

35

netic abnormalities determines the final biological behaviour of the tumour”
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Figure 1. Genes in colorecial carcinogenesis

The different onco(suppressor) genes playing a role in colorectal carcinogenesis
are shown schermarically in Fig. 1.

It is beyond the scope of this thesis to extensively discuss the individual genes,
but APC and DCC are of interest given the context of our investigation.

The APC (Adenomatous Polyposis Coli) tumour suppressor gene locus was dis-
covered by identification of a constitutional deletion of the chromosomal band
5q21 in a patient with familial adenomatous polyposis”. The gene was identi-
fied by positional cloning. In colorectal cancers with no known familial predis- 11
position, allelic loss of chromosome 5q21 has been found in 20-50% of the
cases™. 5q allelic losses are most frequently detected in small early adenomas
from patients without polyposis, which suggests that inactivation of one or both
of the alleles by somatic mutation occurs at an early stage of tumour develop-
ment. APC is considered to be the gate keeper gene in colorectal tumourigene-
sis. The gene product is a large protein (a 2844-amino acid polypeptide) with
different domains binding to several other proteins, amongst which B-catenin,
which is involved in cell adhesion through its complexion with E-cadherin™"
Recently it has become apparent that B-catenin also plays a role in the Wnt sig-
naling sequence through T cell transcription factor 4 (Tef-4)""". APC also colo-
calizes with the tubuline skeleton and is claimed to be involved in the process of
apoprosis’ .

The DCC (Deleted in Colorectal Cancer) gene was also identified by positional
cloning and is located on chromosome 18q21. Loss of heterozygosity (LOH]) at
this locus occurs in 70% of carcinomas and in 50% of far advanced adenomas,
which made this region suspect for localization of a tumour suppressor gene”.
Also, LOH of 18q has been correlated with poor prognosis™. The DCC gene
encodes a protein with homology to neural cell adhesion molecule, NCAM ",
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For this reason it is conceivable that the DCC product is involved in invasion,
altered adhesion and metastatic potential of rumour cells.

Despite the unraveling of some genetic factors associated with colorectal tu-
mourigenesis, the exact mechanisms leading ro colon carcinoma, whether ge-
netic or environmental largely remain unknowr. Vogelstein et al. postulare in
their model that once carcinomas are formed, the accumulared loss of suppres-
sor genes correlates with the ability of the tumour ro metastasize. However, no
derailed genetic alterations have been described in the associarion of merastasis.
For prognosis, however, this process of metastasis largely determines patient sur-

vival.

1.2.2 Cell adhesion molecules

[n invasion and metastasis, cell adhesion molecules (CAM) play a pivotal role.
Invasive cells must derach from their intercellular connections, which are medi-
ated by CAM, and need to develop a surface molecular structure, including the
expression of matrix receprors, which allows them to interact with the exrracel-
lular marrix. {For an overview sce Freemont™ ).

Adhesion molecules generally are divided into five families: selectins,
immunoglobuline-like superfamily, integrins, hyaluronate receprors and cadher-

ins (Fig. 2).
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A Selectins. The selectin molecules possess three different protein domains; a cal-
cium dependent lectin domain, a repeat domain corresponding to that in epi-
dermal growth factor (EGF) and a varying number of repeats of a domain of
complement regulatory proteins (CRP). There is a high degree of homology be-
rween the selectins, which is probably the resuli of duplication of an ancestral
gene, followed by exon diversification and duplication. The genes for all selectin
proteins are on chromosome 1.

Selectins play an important role in the inflammarory response by taking partin
the earliest phases of leucocyte extravasation. Leucocytes move towards the wall

of the capillaries and begin to role along the endothelium™ ™. This process re-
quires interaction between a receptor on endothelial cells-the selecting- and a
ligand on the moving leucocytes (on neutrophils, the ligand for the selectins is
the sialyl Lewis X determinant).

The selectin family has three members: E-, P- and [-selectin. E-selectin is ex-
pressed on endothelium and mediates neutrophil, monocyte and some T lym-
phocyte adhesion to the endothelium. E-selectin may play a role in merasrasis
since it was shown vo mediate binding of the colon carcinoma cell line HT-29
to endothelium”. Also, the ability of cell lines to bind to E-selectin was shown
to be directly related to their potential to metastase to the liver”. L-selectin is ex-
pressed on peripheral T and B lymphocytes, neutrophils and bone marrow de-
rived cells. Apart from a role in the process of leucocyte rolling, this selecrin also 13
funcrions as a homing recepror. P-selectin is expressed on thromboeytes and en-
dothelium and mediates adhesion of neutrophils and monocytes to thrombo-
cytes and endothelial cells, thereby causing a histamin release few minures after
thrombin activation. Also, interaction of activated plarelets wich tumour cells
via P-selectin may facilitate metastasis through arrest of the formed aggregate in
microvessels or by the provision of plateler growth factor to the co-aggregated
rumour cells”.

B Immunoglobuline-like superfamily. The Immunoglobulin-like superfamily of
adhesion molecules consists of imore than seventy members. All members have
their molecular structure in common with the immunoglobulin-fold, consisting
of two [} pleated sheets stabilized by disulfide bonds, as basic common motif.
Members include molecules concerned with antigen recognition by and adhe-
sion to lymphocytes (CD3,CD4). Another subgroup is formed by the intercel-
lular adhesion molecules (ICAM), which are expressed on epithelial and endo-
thelial cells. Also included are the neural cell adhesion molecules (NCAM)™. As
mentioned before, the DCC gene codes for a protein with homology o
NCAM™.

C Integrins. Integrins are a family of heterodimeric membrane glycoproteing ex-

pressed on a diversity of cell types which function in cell-cell adhesion as well as
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cell-substratum adhesion. Their structure is very characteristic and formed of
two non-covalently associated subunits, o and B. Initially the integrins were
subdivided into three subfamilies (B1 or Very Late Activated VLA proteins, B2
or leucams and 3 or cytoadhesins), in which a B unit was thought to associate
with different o units. However this classification has become less rigid since
maore ¢ than B units have been characrerized nowadays and individual o units
can associate with more than one 3 subunit. The recognition site for some in-
tegrins is an RGD sequence (Arginin, Glycin and Aspartic acid) on the extracel-
lular matrix. In viero, RGD peptides have been shown to inhibit tumour cell
migration”
D Hyaluronate receprors. Hyaluronate is a component of the extracellular marrix
and plays a role in several pathological processes including inflammarion and
carcinogenesis. Cells bind to hyaluronate through cell surface proteins, one of
which is CD44. Through alternative splicing of its exons, CD44 can display
heterogeneity with a variety of physiological roles for the splice variants includ-
ing cell migration. A specific isoform implicated in metastatic potential is called
CD44v. In colonic cancers, a direct relationship has been described berween
this isoform and metastatic potential: the isoform CD44v6 is expressed in all
cases of the most aggressive tumours, whereas in normal colonic epithelium no
expression is found”. In addition, it has been shown that CD44 variant expres-
sion has prognostic significance in colorectal cancer™
E Cadbherins. The Cadherin family is made up by calcium dependent homotypic
cell adhesion molecules playing a role in the maintenance of integrity of multi-
wllulm struceures. The molecules are also important in embryologic develop-
ment". They consist of a precursor polypeptide which after a series of post-
eranslational modifications (glycosylation, phosphorylation and proteolytic
cleavage) becomes a mature protein of 723-748 amino acids. In the extracellular
domain some repeats contain a calcium binding sice. Also a rransmembrane and
a ﬂhm'n‘ cwnplaaqmic donmin wirh a Jhirrhly conservcd re‘g?inn nflnonlloﬂogy exist.
(L[!llhh ulL N (numx ) dﬂd P (plau;nm ) umlherms are the bmt known The
first detected cadherin was called uvomorulin, because it was found ro play a
role in early mouse development where it mediates the compaction process at
the morula stage . E-cadherin is also known as cell-CAM 120/80 and is ho-
mologous to L-CAM in the chicken and Arc-1 in the dog”™. The cadherins are
concentrated at the zonulae adherentes (cell-cell junctions) of epichelial cells and
are associated with actin of the cytoskeleton via cyroplasmic proteins called car-
enins. Three catenins have been described: o1, B and 7 catenin with a molecular

weight of respectively 102 kD, 88 kD and 80 kD. Binding of the cadherins via
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catenins is essential for cadherin function”™". As outlined before, the APC gene

product is also involved in this complex through binding with B-catenin®

The expression of E-cadherin in carcinomas has been studied extensively. In hu-

man tumour cell lines E-cadherin was found to act as an invasion suppressor™

[t has also been shown that phmphmvlauum of E- udlﬂum -catenin complex in-
creases invasiveness in vitro

1.3 Differentiation

1.3.1 Normal colonic epithelium, the different cell lineages
The colonic mucosa consists of crypts of Lieberkithn lined with a single layer of

epithelium. The crypts are embedded in a loose scromal rissue and reach to the

muscularis mucosae, which separates the mucosa from the underlying submu-

cosa.

The lining epithelium shows three types of cells: columnar shaped absorptive

entetocytes, mucin producing goblet cells and neuroendocrine cells. 1n case of

inflammation and (pre)cancerous change, a fourth cell which normally occurs

primarily in the small intestine is present, the lysozyme producing Paneth cell.

Columnar cells have an important function in absorption of metabolites, for

which they have microvilli at their luminal surface. Differentiated columnar

cells synthesize secretory component, which is a glycoprotein with a molecular 15
weight of 60-70 kD serving as a carrier in the epithelial translocation of dimeric

IgA, which is subsequently secreted into the bowel lumen in defense against mi-
croorganisms. Antibodies against secretory component are available to stain the

differentiated columnar cells™.

Gobler cells secrete mucin for lubrication purposes and also to protect the epi-
thelium against mechanical damage and chemical irritants. Colonic mucus is a
molecular mixture in which sulfomucins predominare, but admixed with neu-
tral and sialomucins and which can be stained with convential rechniques such
as PAS, Alcian Blue and HID-AB stains. Also different monoclonal and poly-
clonal antibodies can be used for immunohistochemical detection of mucin,
Neuroendocrine cells synthesize polypeptide hormones and through these

modulate intestinal functions such as secretion, absorption and motility. These
cells can be recognized by monoclonal antibodies against the different polypep-
tide hormones or with monoclonal antibodies which recognize compounds in
neurosecretory granules such as Chromogranine A. Also, histochemical rech-
niques, amongst w hich silver impregnations are most widely used, have been de-
veloped ™"

Paneth Lells produce lysozyme, an enzyme capable to cause lysis of bacterial cell
walls. Normally this cell can be found in the small intestine at the bottom of the
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crypt. During inflammation and (prejcancerous change, these cells are seen in
colonic epithelium. Antibodies against lysozyme are available to stain Paneth
cells.

As stated before, the markers associated with terminally differentiated cells, per-
haps with exception of neuroendocrine markers, do not provide essential infor-
martion abourt the clinical behaviour of colon tumours, probably because -also in
a rumour- such differentiated cells are destined to go into programmed cell
death and do therefore not contribute to tumour growth and progression. Pro-
genitor cells or stem cells, in contrast, are the cells that propagate and therefore
derermine the fate of tissue, whether normal or malignant. Against this back-
ground markers of such cells might be more meaningful in the assessment of the
clinical course and behaviour of tumours.

1.3.2 Colonic stem cells

For colonic mucosa, the presently held views regarding epithelial cell marura-
tion were originally formulated by Cheng and Leblond”, who provided evi-
dence that all cell types are derived from the same precursor cell, which they
postulated to be the crypt stem cell. The stem cell is located ar the bortom of
the crypt and gives rise ro daughter cells with proliferative potential. During
movement upwards ro luminal crypr position, proliferative capacity is lost and
gradual differentiation takes place. Finally mature cells are shed into the bowel
lumen. This so called unitarian theory was subsequently corroborated by experi-

Normal cokwie mueosi | umounes

golblet eells absorptive
cells

well differentiated
modernicly differentiated

nEwre

emdoerine

cells : ;
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Figure 3. Different stages of malignant transfarmation
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mental embryological studies, using the chicken-quail neural crest rransplanta-
N - 2k .
tion technique”. Recent studies by Park et al. also support the stem cell con

REY

Cc?Pl[‘

1.3.3 Differentiation and maturation of tumour cells. The tumour stem cell
concept

It is conceivable that in analogy with normal mucosa, tumours arise from a sin-

gle (tumour) stem cell (Fig. 3). The population of tumour cells is indeed mono-

clonal”. Several observarions support the validity of the stem cell concept for

neoplasms. Firstly, several case reports mention a wide spectrum of differentia-

tion in adenocarcinoras . This could reflect the idea that these cumours origi-

nate from a pluripotent stem cell. Secondly, differentiation induetion in colon

cancer cell lines leads to reduced proliferative capacity o suggesting that only
stem cells propagate and differentiated cells do not contribute to tumour
growth. Thirdly, studies on subpopulations of cells from human tumours have

shown that these may show a variable degree of proliferative capacity, clono-

genic potential and cell differentiation” . Finally, in clonogenic studies cloning

ox

efficiencies of tumour cell populations as low as 0.001% are generally found™,
suggesting that the proliferating tumour cell fraction in human tumours is small
and could only be derived from a stem cell fraction.

The basic principle of the tumour stem cell concept is that a maturagion arrest
occurs at the moment of malignant transformation of a cell into a tumour cell.
According ro this concept the behaviour of a tumour reflects the proliferative
and differentiational potential of the cell, from which the tumour originates:
when this transformed cell in its phase of development was stem cell like, the re-
sulting tumour would be rapidly growing and poorly or undifferentiated,
whereas in contrast a tumour arising from a differentiated cell would be slowly
progressing and differentiated. Fig. 3 depicts the variations to be expecred in the
spectrum of colorectal tumours according to proliferation and differentiation.
From this concept it is obvious that it is of paramount importance to search for
stem cell markers since these characterize highly malignant, metastasizing -
mours. Therefore, markers for stem cells or “near” stem cells, and immature/not
terminally differentiated cells of the various lineages (columnar, goblet and neu-
roendocrine) should be generated.

14  Aim

Colorectal carcinomas can be cured by complete excision of the cumour, There-
fore, surgery is stll the treatment of choice. Treatment failure is thought to be
caused by (minimal) residual cumour. It is essential, therefore, to identify ru-

17
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mours with high chance for incomplete removal. Aggressively behaving tu-
mours, probably early metastasizing rumours, are the ones responsible for resid-
ual tumour and treatment failure.

In this context the aim of this study was 1o contribute to the work of patholo-
gists to better evaluate the clinical course and behaviour of especially very ag-
gressive and metastasizing colorectal cumours. This was approached by two
ways: 1) generation of markers of immature/stem cell(like) cells to hopefully en-
able the identification of tumours with a highly malignant prophile and behav-
iour and 2) study the expression of some essential molecules in the process of
cell adhesion so as to possibly identify tumours with a metastasizing potential.
Chapter 2 detailedly describes our effarts to generate monoclonal antibodies re-
acting to antigens related to immature or stem cell (like) cells. The characreris-
tics of one of the obtained monoclonal antibodies are extensively reported in
chaprer 3.

Chapter 4,5 and 6 relate our experience with the studies of adhesion molecules.
In chapter 4 the question is addressed whether invasive potential of primary -
mours could be inferred from loss of E-cadherin expression. The hypothesis that
it could be possible that metastases arising from cells deficient in adhesion mole-
cule expression also show reduced E-cadherin expression was studied in chapter
5. Finally in chapter 6 the impact of the cadherin-catenin complex in metastatic
behaviour was investigated.
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Imtroduction

In order to obtain monoclonal antibodies specific for a defined molecule or a
topographically or functionally defined tissue structure either a well defined an-
tigen has to be used in the process of immunization or a suitable test system has
to be used ro select the antibody with rthe desired specificity subsequent w im-
munization with an ill defined immunogen. In the setting of our desire ro ob-
tain crypt stem cell specific antibodies this implied either the availability of
crypt stem cell specific antigens or a test system which would allow us to select
for crypt stem cell specific immunoreactivity. Crypt stem cells in the colon are
not well defined and therefore antigens specific for these cells are nor available.
In principle, immunohistochemistry would be the method of choice for selec-
tion of appropriately immunoreactive hybridomas, as crypt stem cells are topo-
graphically defined. In pracrice, common crypt cell antigens are so dominant
that it would require an inordinate effort to select an antibody by immunohisto-
chemistry, following immunization with unselected erypr cell antigens. We
therefore ser out to eliminate common crypt cell antigens during or prior to im-
munization, in order to limit the spectrum of obtained immunoreactivities. To
reach this goal the following approaches were chosen:

his was done by differential

1} selection of specific crypt cell subpopulations. T
harvesting of enzymarically digested colon mucosa and by cell culture tech-
niques, using cell lines in different stages of maturation.

2) antibody blocking of common crypt cell antigens and

3) in vivo selection of the immune response using cyclophosphamide.

The antigenic mixture was injected intrasplenally into mice, because in this way
we hoped the immune system would even recognize weakly immunogenic anti-
gens.

In this chapter the results of these efforts are described.
Materials and methods
Selection of specific crypt cell subpopulations

The problem of an tigen selection was approached in two ways. First, we at-
U crypr cells to be used for immunization. In addition,

tempted to isolate the basq
ntiated and undifferentiated colorectal cancer cell lines were used as anti-

genic mixiures.

Crypt base cell isolation: Human colonic crypts were isolated from surgical colec-
tomy specimens according to Whitchead er al.’. Normal looking mucosa art least
at five em distance from the tumour was excised and placed in a sterile petridish
containing I mmol/l EDTA, 1 mmol/! mhylﬁnegiycol~bis—(B«aminomhyﬂ




































































































































































































































