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L'intégrine a.6Af34 dans le cancer colorectal 

Par 

Anders Hondo DYDENSBORG 

Thèse présentée à la Faculté de médecine et des sciences de la santé en vue de 

l'obtention du titre de docteur en biologie cellulaire (Ph.D), Université de Sherbrooke, 

Sherbrooke, Qc, Canada 

Résumé 

Les niveaux d'expression de l'intégrine a.6P4 sont reconnus pour être élevés dans un 

certain nombre de cancers humains. Dans ce contexte pathologique, cette intégrine 

exerce un rôle stimulateur à plusieurs niveaux de la progression tumorale, tels la 

promotion de l'invasion et l'activation de voies de signalisation intracellulaires 

associées à la prolifération et la survie cellulaire. Dans ce travail, les niveaux 

d'expression de la sous-unité intégrine P4 dans des adénocarcinomes de colon humain 

ont été évalués par quantification de l' ARN messager, en comparaison avec les 

niveaux d'expression de P4 dans les régions saines du colon de chaque patient. Non 

seulement le messager encodant f34 se trouve surexprimé dans les tissus cancéreux, 

mais les niveaux d'expression de P4 corrèlent aussi avec l'expression du facteur de 

transcription oncogénique MYC. Cette corrélation suggère une importance 

fonctionnelle pour les niveaux d'expression de la sous-unité P4 compte tenu que la 
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surexpression de MYC dans une lignée cellulaire de cancer du colon stimule l'activité 

transcriptionelle d'une variété de constructions du promoteur de p4. Le pré-ARNm 

de la sous unité intégrine a.6 subit un épissage alternatif conduisant à deux variants 

différents, soit a6A et a6B. Ceux-ci diffèrent par leurs domaines intracellulaires et 

leurs propriétés biochimiques. Afin de caractériser le profil d'expression de l'intégrine 

a6p4 dans les cancers du colon, les niveaux totaux d'expression de a.6 ainsi que ceux 

des deux variants d'épissage alternatif furent étudiés. Tout comme dans le cas de la 

sous-unité p4, les niveaux totaux de a.6 sont augmentés dans les cas de cancers 

comparativement aux marges de résection correspondantes. De manière intéressante, 

une altération dans les ratios d'expression des deux variants de a.6 a été remarquée 

dans 81 % des cancers étudiés. Ainsi, ces ratios passent d'une expression 

prédominante de a6B dans les marges de résection saines, à une expression 

prédominante de a6A dans les adénocarcinomes primaires. Une telle expression 

différentielle des deux variants d'épissage alternatif est aussi retrouvée dans l'intestin 

grêle humain normal. En effet, les cellules cryptales prolifératives expriment le 

variant a6A, tandis que le compartiment différencié de l'axe crypte-villosité exprime 

plutôt le variant a6B. L'importance fonctionnelle de ces observations est confirmée 

par la surexpression des deux variants de a.6, conduisant à une activation différentielle 

des complexes transcriptionnels P-caténine!fCF4 et MYC, lesquels sont des joueurs 

importants dans la prolifération des cellules intestinales et la formation des 

adénocarcinomes. D'autre part, les deux variants de a.6 ne semblent pas affecter la 

différenciation entérocytaire chez l'humain, tel qu'observé par des mesures de 

l'activité transcriptionelle des promoteurs de la sucrase-isomaltase, de la lactase-
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phlorizine hydrolase, de DPPIV et de la phosphatase alcaline. Finalement, il est de 

plus en plus clair que les gènes classiques de normalisation utilisés comme référence 

quantitative, tels que ceux du GAPD et de ~-actine, peuvent présenter une modulation 

de leur expression à travers divers tissus et au cours de la différenciation cellulaire. 

Ainsi, des expériences visant à identifier et à valider des gènes de référence utilisés 

lors de la quantification d' ARN messagers durant les processus cellulaires de 

différenciation et de progression tumorale au niveau du tube digestif humain, ont été 

effectuées. Précédemment, des candidats potentiels ont été obtenus par micro-puces 

d' ADN. Du nombre, deux d'entre eux ont été retenus en parallèle avec 7 gènes de 

référence couramment utilisés. Des essais RT-PCR en temps réel ont été effectués 

pour ces gènes, avec des échantillons à différentes étapes de la différenciation 

entérocytaire humaine, et avec différentes tumeurs primaires et leur marge de 

résection correspondante. Par des approches statistiques, RPLPO et B2M ont été 

identifiés comme étant les deux meilleurs gènes de référence à utiliser pour la 

normalisation de la quantité d' ARN messagers lors d'études faites dans les contextes 

de différenciation et de cancer respectivement. Ces travaux pourraient servir de 

paradigme aux études visant à valider d'autres gènes de référence dans des modèles 

expérimentaux différents. 
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By 
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Thesis presented to the Faculté de médecine et des sciences de la santé in partial 

fulfillment of the requirements for a Doctor of Philosophy (Ph.D.) degree in Cell 

Biology, Université de Sherbrooke, Sherbrooke, Qc, Canada. 

Summary 

The expression level of the a6134 integrin has been reported to be elevated in a 

number of human cancers in accordance with its known stimulatory role in several 

aspects of cancer progression such as promoting invasion and stimulating intracellular 

signaling of importance for cellular proliferation and survival. In the present work the 

expression levels of 134 in adenocarcinomas of the human colon were evaluated at the 

transcript level in comparison with the expression levels in patient matched healthy 

colonie tissue. Not only were the expression level of the 134 subunit found to be up-

regulated in cancerous tissue, but levels of expression of 134 were found to be closely 

correlated to levels of expression of those of the oncogenic transcription factor MYC. 

This correlation was demonstrated to be of functional importance for the expression 

level of 134, since forced expression of MYC in a colon cancer cell line stimulated 

transcriptional activity of various 134 promoter constructs. The pre-mRNA of the a6 
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subunit undergo alternative splicing yielding two different variants: the A and the B 

variants. Their distinct intracellular domains and their distinct biochemical properties 

characterize these variants. As part of the characteriz.ation of the expression of the 

a6J34 integrin in colon cancers, the expression level of total a6 as well as the two 

different variants were investigated. As for the P4 subunit the total level of a6 were 

found to be elevated in cancers as compared to their corresponding healthy resection 

margins. Interestingly, an alteration of the ratio of expression of two splice variants of 

the a.6 subunit was found to be significantly altered in 81 % of the cancers 

investigated. Thus, the expression ratio shifted from a predominant expression of 

a6B in the healthy resection margins to a predominant expression of a6A in the 

primary adenocarcinomas. Such differential expression of splice variants was also 

found in the normal human small intestine. Indeed, the proliferative crypts were found 

to express the a.6A variant, while the differentiated compartments of the crypt-villus 

axis were found to express the a6B variant. The functional importance of this was 

confirmed when over-expression of the two different splice variants were 

demonstrated to differentially activate the J3-cateninffCF4 and MYC transcriptional 

complexes, two well known players in intestinal proliferation and adenocarcinomas 

formation. On the other hand the two splice variants were not found to differentially 

affect differentiation of human enterocytes as assayed by monitoring the 

transcriptional activity from promoter constructs of sucrase-isomaltase, lactase-

phlorizin hydrolase, DPPIV and ALPP. Finally, it has become increasingly clear that 

the classic normalizing genes such as GAPD and J3-actin can display modulated 

expression levels across tissue types and during cellular differentiation. Therefore, 
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experiments aimed at identifying and validating normalizing genes for transcript 

measurements during the complex cellular processes of differentiation and cancer 

progression in the human gut were carried out. Previously generated microarray data 

were screened for candidate genes of which two were selected for further analyses 

along with seven commonly used normalizing genes. Real time RT-PCR amplifying 

the nine putative normalizing genes were performed on various samples representing 

different differentiation stages of human enterocytes as well as on patient matched 

primary tumors and healthy resection margins. Using several statistical approaches, 

RPLPO and B2M were found to be the two best normalizing genes for experiments 

aimed at assessing transcript during differentiation and in cancers respectively. These 

studies should serve as a paradigm for other studies aimed at validating other 

normalizing genes under other experimental settings. 
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1. Introduction 

1.1 The integrin family and the basement membrane 

Simple epithelial cells reside on an electron dense protein-structure, termed the 

basement membrane (BM), separating them from the interstitial matrix (Vracko, 

1974). The BM not only serve as a scaffold for proper tissue structure, but also 

contains positional and behavioral eues for the epithelial cells through its exact 

molecular composition (fibronectin, laminin(s), collagen(s), vitronectin etc) that is 

detected by the residing epithelial cells via an assortment of transmembrane receptors. 

The family of heterodimeric cell-extracellular matrix adhesion receptors termed 

integrins is one such class of receptors for adhesion to the BM. The spatial eues 

transmitted to the cell via the integrins puts the cell in an environmental context and 

as such have a profound impact on diverse cellular processes such as proliferation, 

differentiation, survival, migration and invasion of both normal cells (van der Plier 

and Sonnenberg, 2001) and carcinoma cells (Guo and Giancotti, 2004). 

1.1.1 lntegrin fonctions and structure 

Integrins are composed of an a. and a 13 subunit that dimerize to form the functional 

integrin. Both subunits consist of a single pass transmembrane glycoprotein receptor 
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with a, generally short (35-50 amino acids), C-terminal intracellular domain. The N-

terminal ligand binding extracellular domain varies in size between the two types of 

subunit; thus, the a. subunit is the largest (roughly 1000 amino acids), white the 13 

subunit is the smallest (700 amino acids) (de Melker and Sonnenberg, 1999). 18 a. 

subunits and 8 13 subunits have been described forming at least 24 functional 

receptors. These receptors can roughly be divided into sub-classes based upon their 

cellular function and extracellular ligands: thus integrins containing the 132 subunit are 

involved in cell-cell interactions white a.Ilb, a.LRl and a.v containing integrins of 

hematopoitic ce lis mediate contact to vascular ligands (Figure 1) (Beaulieu, 1997). In 

epithelium throughout the mammalian organism, integrins containing either the 131 or 

134 subunits mediate anchorage to the BM. Of these integrins, the a.4, a.5, a.8, or a.v 

subunits bind the ECM ligands fibronectin and vitronectin via a conserved RGD (Arg-

Gly-Asp) motif in the ligand. The common ligand of integrins containing the a.l, a.2, 

a.10 & a.11 subunits are collagen, white the a.3, a.6 and a.7 containing integrins bind 

laminins (Beaulieu, 1997; Mercurio, 1995). It should though be noted that both 

collagen and laminin contain RGD motifs, but that these motifs are inaccessible for 

binding of the RGD binding class of integrins due to tertiary and quatemary structural 

masking of the motifs. These so called cryptic sites can however become available for 

binding following proteolytic processing by matrix metalloproteinases (MMPs) and 

plasmin resulting in altered biological properties of the matrix thus underscoring both 

the plasticity and potential complexity of the ECM-cell interaction network (Giannelli 

et al., 1997; Goldfinger et al., 1998). 
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The integrin family 

Cell-cell 

Ligand 
Collagen(s) 
Laminin(s) 
RGD (Vitronectin, fibronectin) 

Cell-matrix 

Receptors 
a101, a201, a1001, a1101 
a301,a601,a701,a604 
a401,a501,a8êl,av01 

Vascular 

Figure 1: The integrin family. The Integrin family loosely divided 
according to their functions and ligand(s) (table). Note that other, less 
common, ligands are likely to exist for all the integrins. For instance the 
a604 integrin also bind Netrin-1. Modified from Beaulieu, 1997. 
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The structural premises of integrin binding to their extracellular ligands and 

subsequent activation are not completely delineated, though it is known that integrins 

exist in two confonnational states: a bended in-active state and an extended active 

state. The activation (affinity) state of the integrins can be modulated by extracellular 

divalent cations or through complex intracellular processes that are energy-dependent 

(Hynes, 2002). Briefly, the activation and subsequent binding of the cytoskeletal 

protein talin to the P-subunit of various integrins (p3 & P 1) lead to activation of the 

integrin (Tadokoro et al., 2003) through a forced separation of the intracellular 

domains of the a. and the p subunits. ln this model, this results in a "switch-blade" 

movement of the integrin stalkes leading to a re-arrangement of the extra-cellular head 

domains and an unmasking of the ligand binding domains (Figure 2) (Giancotti, 

2003). 

1.2 Integrins a.6JH and a.6(34 

The a.6 subunit dimerizes with either the p 1 or the P4 subunit to fonn two functional 

integrins a.6p 1 and a.6p4 (Hemler et al., 1989; Tamura et al., 1990) that function as 

receptors for laminin. In epithelial cells of the skin (Watt, 2002), the mammary gland 

(Mercurio et al., 2001a) and the intestine (Beaulieu, 1999) and other cell types that 

express both dimeriz.ation partners, the a.6 subunit preferentially dimerizes with the 

(34 subunit (Hemler et al., 1989) creating a crucial component of hemidesmosomes 

type 1 and type II(HD & HD Il, see below), while neural retinal cells (de Curtis et al., 
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Integrin activation 

Salt-bridge 

PIP2 

Figure 2: Integrin activation. PIP2 (phosphatidylinositol 4,5-bisphophate) 
binding to talin induces a conformational change that unmasks the integrin p 
subunit binding site within the globular N-terminal domain oftalin. Talin 
subsequently binds the intracellular domain of the p subunit resulting in the 
disruption of the weak (salt bridge) interaction between intra-cellular domains of 
the a and the p subunits. The following conformational change is propagated 
across the plasma membrane leading to unmasking of the integrin-ligand binding 
domain. Vinculin connects talin and actin of the cytoskeletal network. 
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1991), peripheral neurons (Hogervorst et al., 1993) and leukocytes (Wei et al., 1997) 

exclusively express the a6f31 integrin, due to absence of the f34 subunit. 

1.2.1 The a6A and a6B integrin subunits - Structure and ontogeny 

A single exon of the pre-mRNA of the a6 subunit undergoes alternative 

splicing leading to the formation of two distinct C-tenninal placed intra-cellular 

domains (Hogervorst et al., 1991; Tamura et al., 1991). Exon A encompasses a 

translational stop signal that is excluded from the mature mRNA upon out-splicing of 

exon A from the pre-mRNA leading to both a reading frame shift and a read through 

into the altematively expressed exon B that harbors a distinct translational stop signal 

(Figure 3) (de Melker and Sonnenberg, 1999). The two splice variants display 

dissimilar expression patterns in a tissue-dependent manner (Hogervorst et al., 1993; 

Tamura et al., 1991) as well as in a temporal manner through out embryo and organ 

development (Boland, 1995; Tamura et al., 1991; Thorsteinsdottir et al., 1995; 

Thorsteinsdottir et al., 1999). Thus, the mammary gland, the epidennis and peripheral 

neurons only express the A variant, while the B variant are exclusive to the nephric 

epithelium (Hogervorst et al., 1993; Thorsteinsdottir et al., 1995). Other tissue such as 

the sweat and salivary glands as well as the large intestine have been reported to 

express both variants (Hogervorst et al., 1993). Undifferentiated murine embryonic 

stem (ES) cells exclusively express the B variant, but start to express the A variant 

upon loss ofpluriopotency (Cooper et al., 1991). In a similar fashion murine, embryos 
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PremRNA splice variants of a.6 
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Figure 3: Pre-mRNA splice variants of a.6. Following the in virtually all a 
integrins conserved five amino acid membrane proximal motif (GFFKR) exon 
A is alternatively spliced leading to the formation of two different intra-
cellular domains of 36 and 53 amino acids, respectively. Note that the 
extracellular domain is identical (see text for details). 
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only express the B variant until (E) 8.5, where the A variant initiates expression in 

myocardiac cells (Collo et al., 1995; Thorsteinsdottir et al., 1995). Interestingly, the 

expression level of the A variant forms a gradient from the outer to the inner layers of 

the myocardium (Collo et al., 1995; Thorsteinsdottir et al., 1995), indicating an 

involvement in the progression of organogenesis. A similar delayed occurrence of the 

A variant during embryonic development is seen in the epidermis as well as in the 

intestinal epithelium, both of which initially express the B variant exclusively 

(Thorsteinsdottir et al., 1995), while adult epidermis solely expresses the A variant 

and the adult intestinal epithelium expresses both variants (Hogervorst et al., 1993). 

The conservation of the two variants in all mammalian species studied (de Melker and 

Sonnenberg, 1999) further suggest the biological importance of the presence of both 

variants in the intact organism. Despite this, genome wide creLoxP1 mediated 

excision of exon A in mice results in viable and fertile animais that show a very mild 

phenotype: decreased lymphocyte presence in the lymphnodes and impaired 

lymphocyte migration through laminin coated transwells (Gimond et al., 1998). 

1.2.2 The a6A and a6B integrin subunits - Biochemical differences 

Though little biological impact was observed as a consequence of organism wide 

substitution of the A variant with the B variant, differences in the biochemical 

properties of the two splice-variants of the integrin a6 subunit are well documented. 

For instance macrophages expressing the A variant (in combination with the 131 
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subunit) adhere stronger, migrate faster and extend more pseudopodia than cells 

expressing the a6BP 1 integrin when cultured in normal medium (Shaw and Mercurio, 

1994). Furthermore the A variant is a major target for serine phosphorylation 

following PMA treatment (Delwel et al., 1993; Hogervorst et al., 1993), while the B 

variant does not appear to react significantly to PMA treatment (Delwel et al., 1993), 

if at all (Hogervorst et al., 1993). The biological role of this serine phosphorylation is 

unclear, but likely does not involve inside-out activation of adhesion, since no 

differences in adhesion of macrophages transfected with the two variants were 

observed upon PMA treatment (Shaw et al., 1993) and mutation of all the serine 

residues in the cytoplasmic tail of the A variant to alanine does not change the 

adhesive response of the cells upon PMA treatment (Shaw and Mercurio, 1993). 

Rather the differences in serine-phosphorylation are likely to reflect a variant specific 

difference in capacity to initiate intra-cellular signaling. Indeed, the A variant 

stimulates tyrosine phosphorylation of the cytoskeletal protein paxilin and two other 

unidentified proteins (sized 110 and 120 kDa), in contrast to the B variant, when over 

expressed in a macrophage cell line that were allowed to adhere to laminin (Shaw et 

al., 1995). Furthermore, cells expressing the A variant phosphorylate the MAP kinases 

p42/p44 (Erkl/-2) when seeded on laminin, while cells expressing the B variant does 

not (Ferletta et al., 2003; Wei et al., 1998). In macrophages, this integrin a6AfH-

dependent activation of p42/p44 is causal of the superior migratory capacity of 

a6Af31 expressing cells as compared to a6BP1 expressing cells (Wei et al., 1998). 
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1.2.3 Integrin a6A and a6B - Alterations of expression ratio 

Alterations of the a6A/a6B ratio have been reported to accompany the differentiation 

of embryonic stem cells (Cooper et al., 1991), embryonic carcinoma cells (Jiang, 

1995; Morini, 1997) and lens cells (Walker and Menko, 1999). ln ail cases, 

differentiation of the cells were accompanied by a down-regulation of expression of 

the B variant and an up-regulation of the A variant, in agreement with the temporal 

occurrence of the variants during embryonic development (Thorsteinsdottir et al., 

1995). Furthermore, the distribution of the two variants in the retina bas been reported 

to be compartment specific: the A variant being expressed in the retina surrounding 

the optic nerves and in the optic nerves themselves, while the B variant being 

ubiquitously expressed in the retina (de Curtis and Reichardt, 1993 ). Experimental, 

rather than descriptive, evidence of the distinct cellular roles of the two variants bas 

though pointed in the direction of the B variant playing a key role in completing 

differentiation of chondrogenic cells (Segat et al., 2002). Interestingly, the 

stabilization of the differentiated phenotype was found to be dependent on the 

presence of both the B and the A variant, indicating that correct cellular function is 

dependent on the presence of both variants, and that changes in the a6A/a6B ratio 

rather than an absence or presence of one or the other variant are instrumental in 

affecting cellular functions (Segat et al., 2002). 
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1.2.4 The a.6-containing integrins in carcinomas 

Studies correlating integrin a6 expression in primary tumors with metastatic capacity 

and survival of breast cancer patients have indicated a strong negative correlation 

between integrin a6 expression and medium term (five years) survival (Friedrichs et 

al., 1995). The effects of the a6-containing integrins in carcinoma biology have been 

linked to effects mediated by both the a6p 1 and a6P4 integrins (Shaw et al., 1996; 

Shaw et al., 1997; Wewer et al., 1997). Interestingly, both a6Pl and a6P4 appear to 

stimulate carcinoma cell survival in a VEGF-dependent manner (Chung et al., 2002; 

Chung et al., 2004a) indicating a common effector pathway ofthese two integrins. 

To date few studies have addressed any differential role of the two splice-

variants of the a6 integrin in tumor biology. Studies regarding the expression of the 

two variants in tumor biology do tend to conclude that increased invasiveness is 

characterized by alterations in the a6Afa6B ratio compared to non-invasive cells 

(Tennenbaum et al., 1995), though no impact on survival of patients has been 

documented as a consequence of alterations of variant-ratio (Friedrichs et al., 1995; 

Tanaka et al., 2000). 

1.2.5 The integrin P4 subunit - Stucture and hemidesmosomes 

The integrin p4 subunit stand out with-in the integrin superfamily due toits large(> 

1000 amino acid) intracellular domain, that show no sequence homology to any other 
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p subunit intracellular domain (Hogervorst et al., 1990). The intracellular domain is 

composed of two pairs of closely positioned type III fibronectin repeats separated by a 

connecting segment (CS) (Suzuki and Naitoh, 1990). The p4 subunit is subject to 

alternative splicing of the pre-mRNA (Clarke et al., 1994; Hogervorst et al., 1990; 

Niessen et al., 1997; Suzuki and Naitoh, 1990; Tamura et al., 1990; van Leusden et 

al., 1997) as well as post-translatorial modifications (Basora et al., 1999; Giancotti et 

al., 1992; Potts et al., 1994) leading to the formation of several structural variants (A-

E). The tissue distribution and function(s) ofthese variant forms are somewhat poorly 

characterized. The P4 subunit only participates in the formation of a single functional 

integrin: the a6p4 integrin ( a6P4 ). 

As opposed to the p 1 and IB containing integrins, a6p4 does not participate in 

the formation of focal adhesion sites, but rather in adhesion structures termed 

hemidesmosomes (HD) (Sonnenberg et al., 1991). These anchoring point connects the 

intermediate filament network of the cells to the underlying BM through a6P4 and the 

other components of HD: plectin, BP 180, BP 230 (Borradori and Sonnenberg, 1999) 

and the tetraspan CD151 (Figure 4) (Sterk et al., 2000). The assembly of the HDs is 

an ordered process in which plectin initiates interactions with the intracellular domain 

of p4 followed by conformational changes that allow first BP180 and then BP230 to 

interact with the third and the third and fourth fibronectin repeats respectively (Koster 

et al., 2004). In cells of simple epithelia such as in the mammary gland (Uematsu et 

al., 1994) and the intestine (Stutzmann et al., 2000) that do not express BP180 and BP 

230, immature hemidesmosomes, termed hemidesmosomes type II (HD Il) are 

formed. Genetie disruption of either a6, p4, plectin or BP 180 in humans and mice 
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Figure 4: Hemidesmosomes - Molecu.far components, Structure and components of 
hemidesmosomes. The a6p4 integrin associates with CD 151 through the a6 subunit, while 
plectin through its N~terminaHy placed Actin Binding Domain (ABD) interacts with the 
prolinel330 and 1333 of the first type III fibronectin repeat (FN) and connecting segment 
(CS) of ~4, leading to an open conformation of the C-terminal portion of p4. This open 
conformation allows BPI 80 to interact with the thlrd FN repeat of p4, while BP230 binds 
plectin and the J34 subunit through sequences from the connecting segment C-terminally until 
the fourth F1\l repeat Plectin and BP230 facilitate the interaction ~Nith the keratin network 
In type II hemidesmosomes BPI BP and CD151 axe not present and the cormection to 
the keratin network is medfated solely plectin. from Koster et al, 
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leads to blistering skin diseases, termed epidermolysis bullosa (EB) and epidermolysis 

bullosa simplex associated with muscular dystrophy (MD-EBS) due to lack of 

formation of hemidesmosomes (Fontao et al., 2004; Georges-Labouesse et al., 1996; 

Koster et al., 2001; Niessen et al., 1996; van der Neut et al., 1996). 

1.2.6 Integrin a6fi4 - Functions in normal tissue development 

fi4 knock-out mice develop normally until birth, but die shortly postnatal due to 

structural disruption of the epidermis and other squamous epithelia reminiscent of 

epidermolysis bullosa (van der Neut et al., 1996). The early postnatal death of these 

animais precluded further investigations of the cellular impact of deletion of a6J34. 

None the less, it was determined that the knock-out animais did not show any other 

developmental defects than an absence of hemidesmosomes providing a mechanistic 

explanation for the fragility of the epidermis (van der Neut et al., 1996). Another 

genetic engineering approach where only the intracellular segment of J34 were deleted 

confirmed the previous results and further demonstrated the importance of the 

interactions of the intracellular domain of J34 with the intermediate filament network 

(Murgia et al., 1998). By performing Cesarean section at El8.5, these authors were 

able to obtain minimally damaged samples and were thus able to demonstrate 

proliferative defects in stratified and simple epithelium (epidermis and intestine) as a 

consequence of impaired signaling mediated by the intracellular domain of J34 

(Murgia et al., 1998). A recently developed knock-out model takes advantage of the 
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findings that the intracellular domain of P4 C-tenninal to amino acid 1355 is not 

needed for interaction with the keratin network (Schaapveld et al., 1998) and that the 

major tyrosine phoshphorylation sites needed for intracellular signaling are placed in 

this region (Dans et al., 2001; Shaw, 2001) (see below). Thus, only this C-terminal 

portion of p4 (termed the siganlizsation domain) was deleted resulting in viable and 

fertile off-spring (Nikolopoulos et al., 2005). These animais appear phenotypically 

normal, but have impaired proliferation in the epidermis due to defective NFKB and 

ERK. signaling (Nikolopoulos et al., 2005) (see below). Taken together, these studies 

strongly indicate that the major non-redundant function of the a6P4 integrin in 

healthy mammals is to provide structural integrity of stratified epithelium. 

1.2. 7 a6P4 in carcinoma biology - Angiogenesis, survival & migration 

An early study reported a correlation between metastatic potential of various clones of 

murine lung carcinomas and surface expression of a tumor cell associated antigen 

(Falcioni et al., 1986), that was subsequently demonstrated to be a6P4 (Kennel et al., 

1989). Severa! expression studies have accordingly established an enhanced 

expression of a6P4 in squamous carcinomas (Tennenbaum et al., 1993; Van Waes et 

al., 1991), thyroid carcinomas (Serini et al., 1996) and bladder carcinomas (Grossman 

et al., 2000). In carcinomas of the breast, the presence of the a6 subunit has been 

linked with poor prognoses (Friedrichs et al., 1995) as has the presence of the P4 

subunit (Tagliabue et al., 1998). Another less direct line of evidence of a role of a6P4 
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in carcinoma biology is the findings that laminin-5 - an important ligand of a6p4 -

accumulates along the invasive edges of gastric (Tani et al., 1996), pancreatic (Tani et 

al., 1997) and colorectal (Lohi et al., 2000) tumors and that the prognostic value of p4 

expression in carcinomas of the breast is dependent on the co-expression of laminin-5 

(Tagliabue et al., 1998). Furthermore a6P4 presence and laminin-5 production have 

been identified as an autocrine survival mechanism in breast carcinoma cells (Zahir et 

al., 2003). 

Recently, genetic evidence of the importance of interactions between laminin-

5 and a6P4 for the formation of tumors in vivo has emerged: keratinocytes from 

epidermolysis bullosa patients deficient in laminin-5 or P4 are unable to form tumors 

in immunosupressed mice, while restoration of expression of either laminin-5 or J34 

restore this capacity (Dajee et al., 2003). Though a6P4 was initially thought to be 

expressed exclusively by epithelial cells (Hemler et al., 1989; Tamura et al., 1990), it 

is also expressed in endothelial cells (Hiran et al., 2003). This endothelial expression 

accounts for another, less direct but still crucial, role of a6P4 in carcinoma 

progression: VEGF- and bFGF-provoked angiogenesis is dependent on the signaling 

domain of P4 (Nikolopoulos et al., 2004). Thus, carcinoma cell lines implanted in 

mice genetically engineered to express a signaling-deficient P4 subunit form smaller 

and considerable less vascularized tumors than corresponding cells implanted in wild 

type mice in agreement with the dramatically decrease of vasculation of bFGF 

containing matrigel plugs implanted in mutant mice compared to wild type animais 

(Nikolopoulos et al., 2004). 
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At the cellular level, a6J34 is involved in aspects of carcinoma biology in a 

twofold fashion: it provides physical interaction with the extracellular matrix enabling 

carcinoma cells to invade and migrate (Chao et al., 1996; Lipscomb et al., 2003; 

Rabinovitz et al., 2001; Rabinovitz and Mercurio, 1997) and intracellular signaling 

initiated by a6J34 stimulates invasion (Chao et al., 1996; Rabinovitz and Mercurio, 

1997; Shaw et al., 1997) as well as survival (Chung et al., 2002; Lipscomb et al., 

2005; Weaver et al., 2002; Zahir et al., 2003). 

1.2.8 Carcinoma cell migration, invasion and mobilization of a6J34 from 

hemidesmosomes 

Despite its central role in rigid attachment sites, a6J34 under certain conditions 

stimulates cellular migration (Mercurio et al., 2001 c ). The first evidence of such arole 

of a6J34 came from the observation that stable expression of a6J34 in a a6J34-deficient 

carcinoma cell line leads to enhanced spreading and invasion through matrigel (Chao 

et al., 1996). The role of a6J34 in facilitating invasion has been documented to be both 

biochemical through stimulation of intra-cellular signaling of importance for 

migration (cAMP/RhoA) and invasion (PI3-K/Rac) (O'Connor et al., 2000; O'Connor 

et al., 1998; Shaw et al., 1997) and mechanical through a direct linkage with F-actin 

of the myo-actin cytoskeleton in filopodia and lamellae of migrating cells (Rabinovitz 

et al., 2001; Rabinovitz and Mercurio, 1997). Noticeably, a6J34 has been shown to 

mediate this invasiveness by excerting traction forces directly on the BM and thus 
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physically creating pores in the BM through which the carcinoma cells potentially can 

escape (Rabinovitz et al., 2001). a.6134 has also been implicated in activation ofMMP-

2 resulting in enzymatic degradation of the underlying BM (Daemi et al., 2000). 

Epidermal Growth Factor (EGF) and signaling mediated through its receptor (EGFR) 

has been identified as key players in the release of integrin a.6p4 from the physical 

restraints of hemidesmosomes and its subsequent relocation to the actin network 

(Mercurio et al., 2001c). The intracellular signaling responsible for this release and 

relocation involves phosphorylation of serine and tyrosine residues in the intracellular 

domain of the 134 subunit (Figure 5) (Dans et al., 2001; Mainiero et al., 1996; 

Rabinovitz et al., 1999) and has been proposed to be dependent on the Src-family 

kinase Fyn (Mariotti et al., 2001) as well as protein kinase C (Alt et al., 2001; 

Rabinovitz et al., 1999; Rabinovitz et al., 2004). 

1.2.9 a.6134, Receptor tyrosine kinases and lipid rafts 

Several studies have demonstrated that a.6134 can initiate signaling in a ligand 

independent manner (Chao et al., 1996). This apparent conundrum is possibly linked 

to the ability of a.6134 to physical interact and synergisticly cooperate with receptor 

tyrosine kinases (RTKs), such as EGF-R (Mainiero et al., 1996; Mariotti et al., 2001; 

Q.H.Song et al., 2003), the Ron receptor of macrophage stimulating protein (MSP) 

(Santoro et al., 2003), ErbB2 (Falcioni et al., 1997; Gambaletta et al., 2000) and the 
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Met receptor of hepatocyte growth factor (HGF I scatter factor) (Bertotti et al., 2005; 

Trusolino et al., 2001 ). Even though the importance of the latter observation of a.6P4 

dependent function of Met has been contested (Chung et al., 2004b) there is little 

doubt that a.6P4 physically interacts with several RTKs and acts in a synergistic 

fashion to amplify the biochemical consequences of receptor clustering. 

A sub-population of a.6p4 is located in lipid rafts - subdomains of the plasma 

membrane enriched in cholesterol and glycosphingolipids - due to palmitoylation of 

cysteines in the membrane proximal intracellular domain of P4 (Figure 5) (Gagnoux-

Palacios et al., 2003). This localization brings a.6P4 into physical proximity with 

RTK.s as well as with palmitoylated Src Family Kinases (SFKs) that phosphorylate 

the intracellular domain of P4 (Mariotti et al., 2001) and thus create binding sites for 

Shc leading to intracellular signaling (Dans et al., 2001). Intriguingly, several studies 

report such synergistic cooperation to be independent of ligation of a.6P4 (Bertotti et 

al., 2005; Gambaletta et al., 2000; Trusolino et al., 2001) in accordance with other 

studies showing that the presence of a.6P4 in carcinoma cells is sufficient to induce 

increased migration on non-laminin substrates (Chao et al., 1996; O'Connor et al., 

1998). The functional impact of this paradigm is profound since it in theory makes 

a6P4 capable of initiating intracellular signaling regardless of the composition of the 

surrounding ECM. Furthermore the cellular function of a.6P4 appears to be altered by 

these interactions. Thus both EGF and MSP stimulation leads to relocation from 

stable HD to leading edge lamlepodia followed by increased migration (Dans et al., 

2001; Mariotti et al., 2001; Santoro et al., 2003). 

20 



1.2.10 Intracellular signaling mediated by the a6J}4 integrin 

Two of the principal mediators of intracellular signaling activated by the a.6P4 

integrin is Ras and Phosphoinostide-30H-kinase (PI3-K) (Mainiero et al., 1997; Shaw 

et al., 1997). a.6JJ4 specific activation of signaling molecules down stream of Ras and 

PI3-K include the MAP Kinases Erk and JNK (Mainiero et al., 1997) and AKT 

(Chung et al., 2002) (Figure 6). This activation of Ras and PI3-K has been proposed 

to occur by two not mutually exclusive methods. One proposed model calls for Fyn-

( of the Src Family Kinases) mediated tyrosine phosphorylation of the intracellular 

domain of P4 as a consequence of ligand binding and in response to EGF-R activity 

(Mariotti et al., 2001) leading to binding of the adaptor protein Shc via a SH2 domain. 

Shc subsequently recruits Grb2-mSOS that activates Ras and MAP-Kinase and PI3-K 

pathways and PI3-K (Dans et al., 2001; Mainiero et al., 1997). An alternative 

mechanism involves Insulin Receptor Substrate (IRS) 1 and 2 (Shaw, 2001) as 

signaling intermediates between the intracellular domain of the P4 subunit and PI3-K. 

a.6JJ4-mediated signaling furthermore leads to phosphorylation and subsequent 

degradation of the NFKB inhibitor IKBa. resulting in nuclear translocation of NFKB 

(Figure 6) (Nikolopoulos et al., 2005; Weaver et al., 2002). This activation of NFKB 

bas been linked with proliferation in normal keratinocytes (Nikolopoulos et al., 2005) 

and the acquisition of polarity and apoptosis resistance in normal and malign human 

mammary gland epithelial cells (Weaver et al., 2002). Intriguingly, while a6P4 

enhances cellular survival through stimulation of AKT in some cellular settings 
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(Bachelder et al., 1999b ), certain carcinoma cell lines have been demonstrated to 

undergo growth arrest and apoptosis upon a6B4 overexpression (Bachelder et al., 

l 999a; Clarke et al., 1995). This a6B4-provoked apoptosis is strongest when the cells 

are grown under stressfull conditions, such as in serum and/or growth factor free 

medium or when grown in suspension (Bachelder et al., l 999b) giving weight to the 

notion that the apoptotic effect reflects a "negative positional eue." The intracellular 

signaling pathway leading to apoptosis is dependent on functional p53 (Bachelder et 

al., l 999a) and involves caspase-3 dependent cleavage of AKT (Figure 6) (Bachelder 

et al., 1999b). 

It is of interest to note that a6B4 bas been demonstrated to activate the 

eukaryotic initiator factor 4E (e1F-4E) in carcinoma cells (Chung et al., 2002). elF-4E 

is the rate limiting factor of 5'cap dependent translation and is normally inhibited by 

binding to 4E-BPls (Figure 6). Enhanced activity of eIF-4E is a hallmark of several 

cancers, including mammary and colorectal cancers, due to its specific effects on the 

translation of oncogenes such as c-MYC, Cyc/inDJ, P-catenin and VEGF (De 

Benedetti and Graff, 2004; Kami et al., 2005; Mamane et al., 2004). As such, ligation 

of a.6~4 has been demonstrated to lead to upregulation of the translation and 

expression of VEGF resulting in autocrine survival signaling and greater tolerance to 

hypoxia in an eIF-4E dependent manner, (Figure 6) (Chung et al., 2002). 

Activation of the small GTPases RhoA and Rac leads to migration and 

invasion respectively (O'Connor et al., 2000; O'Connor et al., 1998; Shaw et al., 1997) 

(see above 13. 4). a6B4-dependent Rac activity has furthermore been linked to 
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increased NFKB activity resulting in increased survival in breast carcinoma cells 

(Zahir et al., 2003). 

1.3 The intestine 

1.3.1 The small intestine 

The comparatively simple structural and functional unit of the small intestines makes 

it an attractive model for the study of epithelial cell maturation and differentiation. 

lndeed, the crypt-villus axis is divided into two compartments in which the crypts 

contain the proliferative and poorly differentiated cells, while the villi contain the 

differentiated enterocytes that rapidly migrate towards the villus tip, from where they 

are shed into the intestinal lumen, (Figure 7) (Babyatsky and Podolsky, 1995; 

Beaulieu, 1999). The stem cells reside in the middle to the lower crypt from where 

they give rise to daughter cells that differentiate into the four principal cell types of 

the intestinal epithelium: The Paneth cells, which are the only cell type that migrate 

downwards to the bottom of the crypt, function in intestinal mucosal defense against 

microbial infection by secreting TNF and cryptidins (intestinal homologues of 

leukocyte defensin). Goblet cells secrete the continuous layer of mucus that lines the 

intestine, while enteroendocrine cells secrete gastrointestinal hormones. Finally the 

absorptive columnar enterocytes function to enzymaticaly degrade and absorb 

nutrients. 
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The small intestinal Crypt-Villus axis 
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Diff erentiated 
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Figure 7: The small intestinal Crypt-Villus axis. The functional unit of the small 
intestine. Intestinal stem cells reside near the bottom of the crypt, from where they give 
rise to rapidly dividing daughter cells that migrate upwards on the villus until they 
undergo programmed cell death at the villus tip, from where they are shed into the 
intestinal lumen. Differentiated Paneth cells reside at the bottom of the crypts. Modified 
.from Beaulieu, 1999. 
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Positional control of the enterocytes, as well as their subsequent functions is largely 

controlled by the underlying BM (Beaulieu, 1999) of which specific laminins have 

been shown to have an instructional effect upon enterocytic cytology (Vachon and 

Beaulieu, 1995), while analysis of several molecules involved in cell-extracellular 

matrix (ECM) interactions, including the integrins, during development has revealed 

distinct patterns of expression along the crypt-villus axis in relation to the 

differentiation state of the enterocytes (Beaulieu, 1997; Kedinger et al., 1998a; 

Kedinger et al., 1998b; Teller and Beaulieu, 2001). 

1.3.2 The colon 

The surface of the adult colon lacks the characteristic villi of the small intestine and 

thus appears fiat. As in the small intestine, crypts projects away from the lumen. The 

organization of the crypts is analogous to the small intestine, with undifferentiated and 

proliferative active cells in the lower half and differentiated cells in the upper half and 

at the surface epithelium (Babyatsky and Podolsky, 1995). 

1.3.3 lntegrin a.6(34 in the small and large intestine 

Early work on the expression pattern of the a.6 subunit along the crypt-villus axis 

have demonstrated an even and strong presence at the base of all epithelial cells along 
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the crypt-villus axis (Beaulieu, 1992). This study did not attempt to differentiate 

between the A and the B variant of the a.6 subunit and consequently the expression 

pattern of these two variants in the intestine is not presently reported. An examination 

of the expression of the 134 subunit using different antibodies revealed a distinct 

expression pattern along the crypt-villus axis (Basora et al., 1999). While 134 was 

found ubiquitously at the base of ail epithelial cells from the bottom of the crypt to the 

tip of the villus it was found to be expressed under two different forms. Antibodies 

that recognize the final 20 and 31 amino acids of the C-terminal intracellular domain 

( ctd) only detected their epitope on the villus, while antibodies raised against 

extracellular domains of 134 detected their epitope ubiquitously along the crypt-villus 

axis, thus demonstrating the presence of a ctd-deleted ( ctd-) variant of 134 in the crypts 

and a full-length ctd+ variant at the villus. The 134ctd- variant was subsequently 

shown to be cotranslatorially spliced and non-functional for adhesion to laminin-5 

(Basora et al., 1999). In the colon a similar differentiation dependent expression 

pattern of the 134ctd- and 134ctd+ variants have recently been established (Ni et al., 

2005). 

1.3.4 Integrin a.6f34 in colon cancer 

The expression of 134 in colorectal cancers has been the subject of a number of studies 

that have reported conflicting results (Falcioni et al., 1994; Lohi et al., 2000; Sordat et 

al., 1998; Stallmach et al., 1992). While ail these studies reported that a.6134 is 
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expressed at the base of ail epithelia in normal non-malign colonie epithelium, one 

study (Stallmach et al., 1992) reported a.6P4 to be reduced/lost in carcinomas whereas 

another (Lohi et al., 2000) reported little alterations of expression and a third (Falcioni 

et al., 1994) found a heterogenic increase. Finally, a differentiation-dependent 

expression pattern was identified according to which the expression of a.6P4 is 

maintained in well differentiated tumors and decreased/lost in moderately and poorly 

differentiated tumors (Sordat et al., 1998). Recently, we have reported the dual 

finding that while the p4ctd+ variant is overall upregulated in 22 colon cancers, the 

p4ctd- variant were ubiquitously lost (Ni et al., 2005) indicating the need of a laminin-

5 adhesion competent a.6P4 integrin in colon cancers, in agreement with the above 

mentioned finding (see l3.3) of requirement of laminin-5/a.6p4 for formation of 

squamous cell carcinomas (Dajee et al., 2003). 

1.4 Nonnalizing genes for use in mRNA quantification studies 

The real-time quantitative reverse transcriptase polymerase chain reaction (real-time 

qRT-PCR) is rapidly becoming the method of choice for gene expression assessments, 

because it requires relatively little biological material and is efficient. There are 

though substantial drawbacks to the utilization of the technique for accurate 

quantification of transcript levels; the PCR step greatly amplifies the transcript and 

thus any intrinsic differences in the quantity or quality of input cDNA, or trivial 

manipulative errors, are correspondingly greatly amplified (Bustin, 2002). The 
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common way to deal with these difficulties is to express the transcript level of the 

gene of interest (GOI) nonnalized to another gene commonly tenned housekeeping 

gene or nonnalizing gene. This method is based on the assumption that the expression 

level of the nonnalizing gene does not change from sample to sample, i.e. that the 

fraction of the mRNA pool that are made up by transcript from the nonnalizing gene 

remains constant from sample to sample. 

The differentiation of a tissue (Walters, 2005) or the formation of carcinomas 

(Boland, 1995) are complex cellular processes and any attempt at assessing gene 

expression changes using qRT-PCR during these events should have as a prerequisite 

that the normalizing gene is not affected by the cellular process under investigation. 

However, inherent difficulties in identifying a "gold standard nonnalizing gene" of 

cDNA input in qRT-PCR analysis experiments have become apparent with variation 

across tissue types (Radonic et al., 2004), development stages (Calvo et al., 1997) and 

different cancer types (Aerts et al., 2004; de Kok et al., 2005) being reported. One 

present attempt at addressing this problem is to use a weighted average of several 

nonnalization genes (Pfaffl et al., 2004; Vandesompele et al., 2002). This solution, 

however, suffers from the drawback that it nonnalizes the GOI against the most 

common variation of the nonnalizing genes, i.e. variation in the nonnalizing gene(s) 

are accepted if the majority vary the same way. While the perfect nonnalizing gene 

may not exist, another more promising strategy is to characterize a single nonnalizing 

gene for a single tissue type (Schmid et al., 2003), pathology (Dheda et al., 2004) or 

experimental design (Biedennan et al., 2004; Hamalainen et al., 2001; Malarstig et al., 

2003; Schmittgen and Zakrrajsek, 2000). 
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1.5 Aim of studies 

Sorne of the hallmarks of cancer is i) the ability to sustain non-adherent growth 

(resistance to anoikis), ii) increased proliferation, iii) increased migratory and invasive 

potential and iv) increased potential of angiogenesis (Han.ahan and Weinberg, 2000). 

While some controversy as to the expression pattern of the a6f34 integrin in colorectal 

cancer exists in the literature (Falcioni et al., 1994; Lohi et al., 2000; Sordat et al., 

1998; Stallmach et al., 1992), a6f34 has been demonstrated to play a role in all of 

these cellular events and it was therefore of pertinent interest to delineate the 

expression pattern of a6f34 in adenocarcinomas of the human colon. 

The first aims of the study was thus to confirm the reported upregulation of 

expression of the f34 subunit in colon cancers at the transcript level. In order to further 

characterize the expression of the a6f34 subunit in the human small intestine and in 

adenocarcinomas of the human colon, the second aim was to delineate the expression 

pattern of the two splice variants of the a6 subunit in healthy as well as malign tissue. 

Thirdly, investigations of the differential impact of the two a6 splice variants on 

colon cancer cells were carried out. 

Finally, the literature is providing ample evidence that the choice of 

normalizing gene can be crucial for the correct interpretation of data related to 

quantification of steady state levels of mRNA (de Cremoux et al., 2004; Dheda et al., 

2004; Hamalainen et al., 2001; Oliveira et al., 1999; Thellin et al., 1999). In order to 

ensure that the normalizing genes of use in the daily routines of the laboratory were of 

a sufficient quality (i.e. displaying a non-altered expression profile under the 
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experirnental conditions) experirnents to identify and validate candidate genes were 

carried out. 
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II. Materials and Methods 

11.1 Tissues 

Primary tissues of healthy adult ileum were obtained from Quebec Transplant 

(Quebec, Canada), while fetal tissues (ranging from 16 to 20 weeks of age, 

postfertili7.ation) were obtained after legal abortion. Both were in accordance with 

protocols approved by the Institutional Human Research Review Committee for the 

use of human material. Both adult and fetal speciemens were used for immunofluores 

cence, while primary extracts of villus cells (fully differentiated enterocytes) were 

obtained from fetal samples in accordance with a previously published protocol 

(Perreault and Beaulieu, 1998). Tissue samples of primary adenocarcinomas and 

healthy resection margins were provided by the Cooperative Human Tissue Network 

(Midwestem Division, Ohio State University, OH), which is funded by the National 

Cancer lnstitute. These tissue samples were used only for RNA extraction. 

11.2 Antibodies 

An antibody recognizing an extracellular epitope common to both splice variants of 

integrin a.6 (Mab GoH3) (Sonnenberg et al., 1987) as well as two antododies 

recognizing integrin a6A (Mab 1359, clone lAlO) and a6B (Mab 1358, clone 684) 

(Hogervorst et al., 1993) were originally generous gifts of Dr. Sonnenberg (Division 
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of Cell Biology, The Netherlands Cancer Institute, Amsterdam The Netherlands). 

Subsequently, these antibodies were obtained from Santa Cruz (Santa Cruz, CA) 

(GoH3) and Chemicon (Temecula, CA, USA) (Mab 1359, clone lAlO and Mab 1358, 

clone 6B4). Mabs lAlO and 6B4 were used for western blots. For indirect 

immunofluorescence, 6B4 and GoH3 were used while the Mab lAlO did not yield 

staining of sufficient quality/strength to allow for conclusive analysis to be performed. 

A rabbit polyclonal a6A (a6-cytoA) (de Curtis and Reichardt, 1993) antibody was 

obtained and employed in its place. This antibody was a generous gift from Dr. de 

Curtis (Department of Molecular Pathology and Medicine, San Raffaele Scientific 

Institute, Milan, ltaly). To probe for ~-actin, the antibody C4 from Chemicon was 

employed. 

11.3 Indirect immunofluorescence 

Cryosections 3µm thick were fixed in 2% paraformaldehyde (a6A) or -20°C ethanol 

( a6B). Nonspecific protein-protein interactions were blocked for one hour at room 

temperature by immersion of slides in 10% goat serum (a6A - lAlO), 2% BSA (a6B 

- 6B4) or 10% Blotto (a6 - GoH3) followed by incubation with the primary 

antibodies diluted 1 :200 in their respective blocking solutions for two hours at room 

temperature. Following extensive washing in PBS, the slides were incubated with 

FITC conjugated secondary antibodies raised against rabbit and mouse, respectively, 

for one hour at room temperature before being washed in PBS. The slides were 
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stained with Evans Blue (0.01% in PBS) before being mounted in glycerol:PBS (9:1) 

containing 0.1 % paraphenylenediamine and observed for fluorescence with a Leica 

Reichart Polyvar 2 microscope (Leica Canada, Saint-Laurent, QC) equipped with a 

Leica DFC300 FX digital color camera. In all cases, no immunofluorescent staining 

was observed when a mix of mouse and rabbit non-immune sera replaced primary 

antibodies. 

11.4 Western Blotting 

Cellular extracts were solubilized directly in sample buffer containing 5% 13-

mercaptoethanol (Bio-Rad, Mississauga, ON, Canada), pulse sonicated for 5-10 

seconds and cleared of cellular debris by centrifugation at 15.000 rpm for 5 minutes. 

Protein concentrations were determined by colorimetric assay according to 

instructions by the manufacturer (Bio-Rad). 50-250 µg total cell protein lysate per 

lane were separated by SDS/ 8-12% PAGE under appropriate antibody specific 

reducing or non-reducing conditions, followed by transfer to nitrocellulose (Bio-Rad). 

Following blocking with an appropriate anti-body specific blocking agent (PBS 

containing 2% BSA-0.1 % Tween I 5% powdered Skim Milk-0.1 % Tween) for one 

hour at room temperature, membranes were incubated over night at an appropriate 

temperature (4°C / room temperature - supplemented with 0.05% Na-azide to prevent 

bacterial growth) in the presence of primary antibody. After extensive PBS-0.l % 

Tween washing, the membranes were incubated with an appropriate secondary 
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antibody conjugated to Horse-Radish-Peroxidase (HRP) diluted 1 :5000 in blocking 

agent for 1-2 hours at room temperature. Following washings with PBS-0.1% Tween 

membranes were processed by an enhanced chemiluminescence (ECL) system from 

Amersham Pharmacia Biotech (Oakville, Ontario, Canada). Light emissions were 

detected using autoradiography film (Amersham Pharmacia Biotech) that was 

developed by the on-site core facility. 

11.5 Plasmids and plasmid construction 

A MYC responsive luciferase reporter plasmid, pMyc-TA-Luc (Clontech, Mountain 

View, CA), carries six MYC binding sequences in front of the minimal TATA box 

from the herpes simplex thymidine kinase (HSV -TK) promoter. The P-cateninffCF4 

responsive luciferase reporter plasmid, TOPFlash (Upstate, Charlottesville, V A), 

responds to the transcriptional activity of the P-cateninffCF4 complex and has been 

characterized elsewhere (Korinek et al., 1997). The lactase-phlorizin hydrolase 

promoter plasmid (pGL3- LPH1085-139101) (Troelsen et al., 2003), the intestinal 

alkaline phosphate promoter plasmid (pALPI_566) (Olsen et al., 2005) and the 

sucrase-isomaltase promoter plasmid (pSl-202/+54) (Boudreau et al., 2002) have been 

characterized previously and were generous gifts of Drs. Troelsen, Olsen and 

Boudreau, respectively. The dipeptidyl peptidase IV (DPPIV) responsive plasmid was 

generated in our lab by PCR-amplification of 1382 bp of the immediate 5' promoter 

of DPPIV (sense primer: 5'- CGGGGTACCTTGGAAGAGGGAGGAGGAG-3', 
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antisense pruner: 5'-GAAGATCTAGTCACTCGCCGCTGGCA-3',) followed by 

Kpn 1 and Bgl II (underlined sequences) mediated insertion into pGL3, yielding the 

plasmid pGL3/dpplV. 

An expression vector containing the cDNA of integrin a.6A, pRc/CMV-a.6A 

(Delwel et al., 1993), was a generous gift from Dr. Sonnenberg. The a.6A cDNA was 

subcloned into the viral expression vector pLPCX (BD Bioscience Clontech, 

Mississauga, ON) by a non-directional strategy using Hind III. Correct orientation 

was verified by restriction digestion analysis. 

cDNA originating from a preparation of fetal epithelial enterocytes separated 

from the mesenchyme using Matrisperse (BD Biosciences), as described previously 

(Perreault and Beaulieu, 1998) was used as a template for PCR amplification of the 

cytoplasmic tail of the a.6B subunit using Pwo polymerase (Roche, Laval, QC). The 

upstream primer (5' TGCTGAAAGAAAATACCAGA 3') spanned an endogenous 

Xbal site, while the downstream pnmer (5' 

GCTCTAGAGAAAAAGCAGTTTGGGTACT 3 ') introduced another (underlined 

sequence.) The amplified DNA was ligated into pPCR-Script (Stratagene, La Jolla, 

CA) and verified for fidelity by sequencing. Subsequently, the cDNA encoding the 

cytoplasmic tail of the integrin a.6A subunit in pRc/CMV-a.6A was replaced by the 

cDNA encoding the cytoplasmic tail of the integrin a.6B subunit by Xbal digestion of 

the recipient (pRc/CMV-a.6A) and donor (pPCR-Script-a.6B) vectors, generating 

pRc/CMV-a.6B. Finally, the cDNA encoding the integrin a.6B subunit was subcloned 

into the pLPCX vector using the same strategy as the a.6A cDNA. 

• 
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Reporterplasmids carrying various promoter and enhancer stretches of the ~4 

gene has been characterized elsewhere (Takaoka et al., 1998) and were generous gifts 

from Dr. Hirohashi, Pathology Division, National Cancer Center Research Institute, 

5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan. 

Il.6 Cell culture 

The colon cancer cell line, Caco-2/15 were grown in DMEM (Invitrogen, Burlington, 

ON) supplemented with 10% fetal bovine serum (ICN Biomedicals, Aurora, OH}, 1 % 

HEPES and 1 % Glutamax (both from Invitrogen) as described previously (Beaulieu 

and Quaroni, 1991). The colon cancer cell lines HT-29, Colo, DLD-1, HCT-112 and 

T84 were grown as in accordance with instructions provided by the A TCC (Rockville, 

MD) as previously described (Basora et al., 1998). The normal undifferentiated crypt-

like human intestinal epithelial cell line, HIEC-6, was grown in OPTIMEM 

(Invitrogen) supplemented with HEPES and Glutamax as well as 4% fetal bovine 

serum and 5 ng/ml EGF (BD Biosciences) as described (Perreault and Beaulieu, 

1996). Ail cells were grown in an atmosphere of 95% normal air and 5% C02 at 37°C. 

The colon cancer cell lines Caco-2/15 and HT-29 share the ability to undergo a 

graduai differentiation procedure as a consequence of altered growth conditions. Thus 

Caco-2/15 cells initiate a spontaneous differentiation program upon reaching 

confluency, that culminates as a tight monolayer of cells expressing several 

differentiation markers such as sucrase-isomaltase and lactase-phlorizin hydrolase 
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(Beaulieu and Quaroni, 1991; Pinto et al., 1983). HT-29 cells remain undifferentiated 

when grown with glucose as theire primary carbon source, while initiating a 

differentiation program when shifted to a supply of inosine as a carbon source 

(Zweibaum et al., 1985). 

11.7 cDNA generation and RT-PCR 

cDNA was generated as previously described (Ni et al., 2005). Briefly, first strand 

cDNA synthesis was performed with 2 µg total RNA using oligo(dT)12-1s (Amersham 

Pharmacia Biotech) as primer and Omniscript reverse transcriptase (Qiagen, 

Mississauga, ON) for synthesis. 

Total RNA from the RNA-bank was originally purified using TriPure (Roche, 

Laval, QC) and stored at -80°C. The integrity of triplicate total RNA samples of 

proliferative active HIEC-6, differentiated fetal epithelial cells and Caco-2/15 at 

different differentiation stages (Sub-Confluent (SC), 0 days Post-Confluent (PC), 2-5 

days PC, 10-15 days PC & 25-35 days PC) was verified by visual analysis of 18S and 

288 bands on a ethidium-bromide stained 1.5% agarose gel. The same procedure was 

followed for the seven patient matched pairs of resection margins and primary 

adenocarcinoma samples. Since the reverse transcriptase reaction is extremely 

sensitive to variation in sait concentration and contamination of carry-over reagents 

from the previous manipulative steps (Freeman et al., 1999), the samples were re-

purified using RNeasy coluums (Qiagen) to obtain equivalent sait concentration and 
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purity of the samples. RiboGreen (Molecular Probes, CEDARLANE, Homby, ON) 

was used according to the manufacture instruction to accurately quantify the samples. 

Fluorescence emission was read in a Mx3000P (Stratagene, La Jolla, CA) functioning 

as a plate reader. All RT-reactions were performed simultaneously using a single 

mastermix. 

Touch-Down PCR was used to co-amplify the two different splice-variants of 

a6. Each cycle was composed of template denaturation at 94 °C for 1 minute, primer 

annealing at 65°C for 1 minute and elongation at 72°C for 1 minute. The primer 

annealing temperature was decreased by 0.5°C after each round of amplification for 

40 cycles followed by a final 15 cycles at an annealing temperature of 45°C. 

11.8 Real-thne quantitative RT-PCR 

All reactions were performed in a Mx3000P thermal cycler (Stratagene) starting with 

IO min. of Taq activation at 95°C, followed by 40 cycles of melting (95°C, 30 

seconds), primer annealing at appropriate temperature (55-60°C, 45 seconds) & 

extension (72°C, 45 seconds) ending with a melting curve analysis to validate 

specificity of PCR-products. The annealing temperatures of ail the reactions were 

between 57°C and 60°C dependent on the individual primer-pair. Reaction 

efficiencies ranged from 93% to 104% as assessed by standard curve analysis (see 

appendix 6 for a presentation of the mathematical rationale behind reaction efficiency 

determination based upon standard curve analysis). Post-reaction a melting curve 
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analysis was performed to ensure specificity of the reaction. Fluoresence data was 

acquired after the annealing step. 

Accession 

Gene Symbol no. 

5-Methyltetrahydrofolate-Hornocystine Methyltransferase MTR NM 000254 

Homo sapiens polymerase (RNA) II (DNA directed) polypeptide A POLR2A NM_000937 

J3-2-rnicroglobulin B2M NM 004048 

J3-actin ACTB NM 001101 

Glyceraldehyde-3-phosphate dehydrogenase GAPD NM 002046 

Ribosomal protein S 14 RPS14 NM 005617 

Mannosidase, a, class lB, member 1 MANlBl NM 016219 

Ribosomal phosphoprotein, large, PO RPLPO BC019014 

Hypoxanthine phosphoribosyltransferase 1 HPRTl NM 000194 

Sucrase-isornaltase ( alpha-glucosidase) SI NM 001041 

c-Myc MYC NM 002467 

Table 1. Gene names, Symbols and Accession numbers of the genes investigated in relation to 
normalizing gene identification studies. 

For a list of target genes, their accession no. and the gene symbol employed in 

relation with the identification and validation of normalizing genes for use in studies 

of differentiating human enterocytes and adenocarcionomas of the human colon, see 

Table 1. 

For experiments related to expression of the integrin a6 and ~4 subunits, three 

different primer pairs for the integrin a6 subunit were tested for amplification 
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efficiency and fidelity. The primer pair tenned a.6PD-2 was chosen for amplification 

of cDNA coding for the integrin a.6 subunit based on a superior amplification 

efficiency and lack of primer dimer formation as assessed by melting curve analysis. 

For a complete list ofprimers used in this study see Table 2. 

Target Gene 

Integrin ~and <X6B 

Co- amplifies the A and the B variants of 

integrin a.6 

Integrin ~ and <X6B - cloning 

Co- amplifies the A and the B variants of 

integrin a.6 

a6PD-1 

Amplifies integrin a.6s 

a6PD-2 

Amplifies integrin a.6s 

a.6PD-3 
Amplifies integrin a.6s 

MYC 
Oncogenic transcription factors 

lot P4-B1/B2 

Amplifies integrin 134s 

Primer sequence - underlined sequence is 
restriction site introduced by the primer 
F: 5'-CTAACGGAGTCTCACAACTC-3' 

R: 5'-AGTTAAAACTGTAGGTTCG -3' 

F: 5'-TGCTGAAAGAAAATACCAGA-3' 

R: 5'-GCTCTAGA-

GAAAAAGCAGTTTGGGTACT-3' 

F: 5'-TTTATCGGTCTCGGGAGTTG-3' 

R: 5'-GCTGTGCCGAGGTTTGTAAG-3' 

F: 5'-TGGGATATGCCTCCAGGTT-3' 

R: 5'-TGTAGCCACAGGGTTTCCTC-3' 

F: 5'-CACTGCAGAGAGCCAACAGA-3' 

R: 5'-CATAACACCGCCCAAAGATG-3' 

F: 5'- CCTACCCTCTCAACGACAGC-3' 

R: 5'- CTCTGACCTTTTGCCAGGAG-3' 

F: 5'- GAATTCGTTCTACGCTCTCC-3' 

R: 5'-GAATTTCTGAGAGATGTGGGC-3' 

Table 2. List of primers used in studies related to a6A, a6B and (34. s: Primers used for real-time 
qRT-PCR 

For experiments of relation to the integrin a.6 subunit the Ct-values were 

converted into relative expression values compared to a Stratagene pooled RNA 

standard (QPCR Human Reference Total RNA, Stratagene) before nonnaliz.ation of 

a.6 expression against a weighted average of the three nonnalizing genes (B2M, MTR 
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& MANlBl) using the geNonn applet described elsewhere (Vandesompele et al., 

2002). Briefly, this algorithm nonnaliz.es a gene of interest against several 

nonnalizing genes, rather than against a single gene, thus obtaining an analysis of 

expression that is less likely to be impacted by any random fluctuations in the 

expression level of the nonnalizing gene(s.) 

For a list of primers used in the study related to identification and validation of 

nonnalizing genes, see Table 3 

Target Gene 
RPLPO 

GAPD 

BPRTl 

BlM 

POLR2A 

RPS14 

MANlBl 

ACTB 

MTR 

Sucrase-lsomaltase 
Differentiation marker 
MYC 
Oncogenic transcription factor 

Primer sequence 
F: 5'-GCAATGTIGCCAGTGTCTG-3' 
R: 5'-GCCTIGACCTITICAGCAA-3' 
F: 5'-TCTCCTCTGACTICAACAGCGAC-3' 
R: 5'-CCCTGTIGCTGTAGCCAAA TIC-3' 
F: 5'-TGACACTGGCAAAACAATGCA-3' 
R: 5'-GGTCCTITICACCAGCAAGCT-3' 
F: 5'-GTGCTCGCGCTACTCTCTC-3' 
R: 5'-GTCAACTICAATGTCGGAT-3' 
F: 5'-ATCTCTCCTGCCATGACACC-3' 
R: 5'-AGACCAGGCAGGGGAGTAAC-3' 
F: 5'-GGCAGACCGAGATGAATCCTCA-3' 
R: 5'-CAGGTCCAGGGGTCTTGGTCC-3' 
F: 5'-ACCGTGGAGAGCCTGTICTA-3' 
R: 5'-GTTTGGGTCATCGGAGAAGA-3' 
F: 5'-CCTCGCCTTTGCCGATCC-3' 
R: 5'-GGATCTICATGAGGTAGTCAGTC3' 
F: 5'-TGTGGAGACTCGCAGACATC-3' 
R: 5'-CCTCAACCTGATCCTIGGAA-3' 
F: 5'-GAGGACACTGGCTIGGAGAC-3' 
R: 5'-ATCCAGCGGGTACAGAGATG-3' 
F: 5'-CCTACCCTCTCAACGACAGC-3' 
R: 5'-CTCTGACCTITIGCCAGGAG-3' 

Table 3. List of primers used for identification and validation of normalizing genes for studies 
related to differentiation of enterocytes and adenocarcinoma formation. Ali primers were used in 
real-time qRT-PCR. 
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11.9 Transfection and lucif erase measurement 

Caco-2/15 cells were seeded in 24-well plates (Falcon, Franklin Lakes, NJ) and grown 

to 25-35% or 95-100% confluence before being transiently transfected in serum-free 

medium using FuGENE transfection agent (Roche, Indianapolis, IN) in a 1 :9 ratio of 

µg DNA to µl transfection agent. Cells were kept under normal growth conditions 

after transfection. Ail transfections were perfonned as co-transfections using a renilla 

luciferase expression plasmid to establish an internai control of transfection 

efficiency. Promoter activities of the various reporter plasmids were expressed using 

the arbitrary unit "RLU" (relative luciferase units). Numeric values of CMV 

promoters in control transfections (empty vector) were kept equal to experimental 

numeric values by adjusting the absolute level of plasmid as measured by µg. DNA 

concentrations in transfections were kept constant with the addition of pBluescript 

SK + (Stratagene, Cedar Creek, TX). Equal amounts (25ng) of reporter plasmid and 

expression vector were cotransfected with 2 ng of pCMV-Renilla per well. Firefly and 

renilla luciferase activity was measured using the Dual-Luciferase® Reporter Assay 

System (Promega Corporation, Madison, WI) according to the manufacturer' s 

instructions using an Orion microplate luminometer from Berthold (Montreal-Biotech, 

Kirkland, QC) for detection of chemiluminiscent signal. Ail results are mean of three 

independent experiments perfonned in quadruplicates. 

For the experiments related to the promoter activity of ~4, the results were 

nonnalized to empty vector control. For experiments related to the differential impact 
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of the two splice-variants of a6, the results were normalized to levels obtained for the 

B variant. 

11.10 Data and statistical analyses 

Ail statistical analyses were performed using the statistical software Graph Pad Prism 

3.02 (Graph Pad Software, San Diego, CA). Ail test were performed as two-tailed 

unless otherwise noted. A P-value below 0.05 was considered significant in ail 

analyses. 

Identification and validation of potential normalizing genes. The following 

numeric denotation were applied to the different samples representing different stages 

of enterocytic differentiation for linear regression purposes: HIEC: 1, SC Caco-2/15: 

2, 0 PC Caco-2/15: 3, 2-5 PC Caco-2/15: 4, 10-15 PC Caco-2/15: 5, 25-35 PC Caco-

2/15: 6 and villus epithelial: 7. Following plotting of these values against the average 

Ct values obtained for the individual differentiation stage, linear regressions were 

performed. Goodness of fit (r2) analyses were performed on the linear regression in 

order to evaluate the strength of the regression and the usability of the individual gene 

as normalizing genes during the differentiation. ANOV A was performed as a One 

Way Analysis Of Variance with a Tukey Post-Hoc test to identify inter-sample 

differences, and paired t-tests were performed as two-tailed test. The Normfinder 

applet was a courtesy of Dr. 0mtoft (Aarhus University Hospital, Aarhus, Denmark). 

This applet describes the inter- and intra-group expression values of a sample set and 

performs a separate analysis of expression values in sample sub-groups. The output 

format of the analyses is "stability factor," where low value denotes low expression 
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variation (Andersen et al., 2004). The geNonn applet was downloaded from the Gene 

Quantification homepage (www.gene-guantification.org). This applet perfonns an 

assessment of stability of expression providing a stability index, where low value 

denotes low expression variation. This applet furthennore provides a nonnalizing 

factor based on the geometric average of ail input nonnaliz.ation genes 

(Vandesompele et al., 2002). 
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III. Results 

III.1. Investigations oftranscript Ievel ofMYC and JJ4 in adenocarcinomas of the 

human colon and their healthy resection margins 

III.1.1. Real-time quantitative RT-PCR analysis of expression Ievels of transcript 

Using end-point RT-PCR analysis of the transcript expression level of the integrin (34 

subunit in eight adenocarcinomas of the human colon it has previously been found 

that the steady state transcript levels of JJ4 is increased in primary cancers as 

compared to their corresponding healthy resection margins. Furthermore it was found 

that the transcript levels of the integrin (34 subunit were well correlated to the 

transcript levels of the oncogene MYC (Ni et al., 2005). In order to better characterize 

these observations real-time quantitative RT-PCR was performed on a similar but 

larger data-set (N = 13). Figure 8A shows the average amplification plots of the 

transcript of the integrin (34 subunit, MYC and the normalizing gene RPS 14. lt is 

readily observable that the cancer samples (red) display a lower Crvalue than their 

corresponding resection margins (blue) for both the integrin (34 subunit ((34) and MYC 

(MYC), while the normalizing gene RPS 14 on average does not display a modulation 

of transcript levels between the cancer sampi es and the healthy resection margins. The 

observed upregulation of MYC and (34 in the cancer samples were determined to be 

3.4- and 2.8-fold respectively (P < 0.05, paired t-test) by normalizing the transcript 

levels to RPS14 according to (Pfafil, 2001). 
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Figure 8: Up regulation of expression of B4 in colon cancers. A) Amplification 
plots of the integrin ~4, MYC and RPS14 in adenocarcinomas of the colon (red) 
and healthy tissue (blue). B) Integrin ~4 and MYC transcript levels normalized to 
RPS14 transcript levels. RM: Resection Margin. *: Statistically different from RM, 
P < 0.05, Paired t-test. Out-corne variables are SEM. 
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111.1.2 Correlation between the transcript levels of P4 and MYC 

To investigate the hypothesis that a functional relationship between the oncogenic 

transcription factor MYC and P4 may exist, the individual transcript levels of MYC 

and 134 were plotted against each other (Figure 9). A tight correlation of expression 

between the transcripts of the integrin 134 subunit and MYC was observed in the 13 

pairs of cancer/resection margin (r = 0.719, P < 0.001, N=26), suggesting that such a 

functional relationship may indeed exist. 

111.1.3 Functional relationship between MYC and the integrin P4 promoter 

Since the activity of the transcription factor MYC is largely an effect of a dynamic 

balance between the three principal components of the MYCIMAXIMAD network, it 

follows that the level of MYC to some extent can be taken as a measure of the 

transactivating activity of the MYCIMAX heterodimer (Pelengaris et al., 2002). The 

very tight correlation between the transcript levels of MYC and P4 furthermore 

suggests a functional relationship between the two genes. Consequently, a search for 

possible MYC binding sites ("E-boxes" - canonical sequence 5'-CA(C/f)GTG-3', 

(Pelengaris et al., 2002)) in the promoter and enhancer region of the integrin f34 gene 

was performed. Using the most stringent settings of the TESS software (Schug and 

Overton, 1997) available at: http://www.cbil.upenn.edu/tess, two putative MYC 

binding site were identified: One in the 5' promoter region at position -1262/-1256 bp 

48 



Correlation between transcript levels of MYC and J34 
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Figure 9. Correlation between transcript levels of MYC and j34. Correlation 
between the transcript amounts of integrin J34 subunit and MYC normalized to RPS 14 
transcript levels. Open diamonds represents values from healthy resection margins. 
Filled triangles represents tumor values. The correlation coefficient (r) is 0.719, 
P<0.001 (Pearson Product Moment Correlation.) Datais reciprocal values. 
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and one at position +2457/+2463 bp. Noteworthy, the latter possible binding site is 

placed in intron 1 of the integrin 134 gene in an area previously found to be a bona jide 

enhancer (Takaoka et al., 1998). The promoter stretch immediate upstream of the 

transcriptional start site of P4 has been well characterized previously, but the areas 

containing the putative MYC binding sites have not been investigated using the same 

rigorous methods (Takaoka et al., 1998). In order to investigate the possibility that the 

integrin P4 subunit gene is under partial transcriptional control of the MYC oncogene, 

as the tight correlation between the two transcript levels as well as the presence of two 

MYC binding sites in the regulatory regions of the 134 gene suggests, over expression 

studies ofMYC in a colon cancer cell line was initiated. 

111.1.4 Molecular cloning of MYC and generation of the control AMYC 

A PCR-based strategy was initiated to amplify and clone the coding sequence of human 

MYC. Positive colonies were generated canying cDNA of MYC, but sequence analysis (not 

shown) revealed that a deletion oftwo bp bas been introduced during the cloning leading to a 

frameshift mutation at aa252 and subsequent premature translational stop at aa257, resulting 

in the deletion of the C-terminal portion of the MYC protein. This part of the protein is 

involved in the heterodimerization with MAX necessary for DNA binding and subsequent 

transactivation activity (Pelengaris et al., 2002). Thus, the cloning yielded a non-functional 

version of MYC that was termed .i\MYC (Figure lOA). This mutant was included in the 

studies as a negative control along with the standard empty vector controls. In parallel with 

the cloning of .i\MYC, Dr. Jeppe Agner of the Danish Caner Institute kindly forwarded the 
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Figure ~C compared the füU length members of the MYC/Max network. 
DNA binding of MYC is dependent on dimerization with Max via the C-terminal 
dimerization motif. AMYC is tnmcated prior to the dimerization motif and thus can not bind 

DNA, rendering it transactivating incompetent 
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cDNA ofMYC as a fusion protein with the Estrogen Receptor. The coding sequence ofMYC 

from this fusion protein was sub-cloned into pcDNA3 .1 and expression was verified by 

transient transfection of Caco-2115 cells followed by western blot (data not shown). Figure 10 

depict the MYC/Max preotein domains needed for interaction and DNA binding, compared to 

the L\MYC truncated mutant. 

111.1.5 Response to over expression of MYC in a colon cancer cell line 

In order to characterize the impact of over expression of MYC in the chosen colon 

cancer cell model (Caco-2/15), an analysis of the transactivating activity of MYC was 

performed prior to the experiments related to the integrin P4 subunit gene. MYC is a 

weak activator of target genes, activating natural and artificial target genes in the 2-5-

fold range (Eisenman, 2001; Kim et al., 2003; Levens, 2002). Thus, the 1.8-fold up 

regulation of transcriptional activity from a MYC responding reporter plasmid 

(MycTaLuc) observed when Caco-2/15 cells were co-transfected with an expression 

vector coding MYC (pcDNA3.l-MYC) were considered robust as well as highly 

statistical significant (P < 0.001, Tukey One Way Analysis Of Variance) (Figure 

l lA). Next, the response of the integrin ~4 gene to over expression of MYC was 

investigated using three different reporter plasmids containing various elements of the 

transcriptional control regions of the integrin P4 gene. The constructs L5.5K and 

L5.5K-F that contains the 5' promoter region from -5197 to +333 bp were seen to 

specifically and statistically significant (P<0.001, Tukey One Way Analysis Of 

Variance) up-regulate the expression of the reporter gene when co-transfected with 
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Figure 11. Activation of the ~4 promoter by MYC A) Effect on the transactivating activity 
ofMYC upon overexpression ofMYC in the colon carcinoma cell line Caco-2/15. EV: 
EmptypcDNA3.l expression vector. MYC: pcDNA3.l expressing MYC. ti.MYC: pcDNA3.l 
expressing an inactive deletion mutant ofMYC. Results are normalized to EV-control and 
represents averages of three independent experiments performed in triplicates. Outcome 
variables are 95% confidence intervals. B) Effect of over expressing MYC on the 
transcriptional activity of the P4 promoter unit. Construct L5 .5K: ~4 5 .5 kb 5' -promoter 
region in front of firefly luciferase. Construct L5.5K-F: As L5.5K, but including 
exonl/intronl/exon2 of the P4 gene (containing the P4-enhancer) cloned downstream of the 
reporter gene. Construct 15-F: The P4-enhancer cloned alone in front of firefly luciferase. 
Results are normalized to EV and are mean of three independent experiments performed in 
quadruplicates. Outcome variables are 95% confidence intervals. 
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MYC as compared to the empty vector (EV) and DNA-binding incompetent M1YC 

controls. This effect was opposed to the 15-F construct that carries the minimal P4 

enhancer alone and showed no differential stimulation by the different MYC 

constructs (Figure 1 lB.) Since 1) the L5.5K and L5.5K-F constructs are both 

activated 1.6-fold by MYC overexpression, 2) the L5.5K-F reporter construct carries 

the same -5197/+333 bp promoter stretch as the L5.5K construct in combination with 

the P4 enhancer, encompassing the second putative MYC binding site at position 

+2457/+2463bp, downstream of the reporter gene and 3) the minimal P4 enhancer 

alone ( construct 15-F) did not respond to MYC over expression it is possible to 

conclude that the region responsible for the response to MYC overexpression is 

contained in the-5197/+333 bp promoter region and not in the P4 enhancer. 

111.2 The integrin a.6 splice variants are differentially expressed in the small 

intestine and a.6A is-upregulated in colon adenocarcinomas and stimulates 

transcriptional activity of the J3-cateninffCF4 complex 

111.2.1 Differentiation-dependent expression of integrin a.6 splice variants in 

intestinal cell models 

In order to evaluate the expression pattern of the two splice varints of the integrin a.6 

subunit in the various differentiation compartments along the human crypt-villus axis 

competitive RT-PCRs aimed at amplifying the transcript from both the A and the B 
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variants were perfonned on cDNA from three cell lines representing different 

differentiation stages as well as on primary extracts of fetal villus epithelium. Figure 

12A displays the PCR-strategy employed. Briefly, the primers (black horizontal lines) 

spans sequences flanking the altematively spliced exonA (hatched box). Upon 

retaining of ExonA the PCR product is 876 bp, while out-splicing ofExonA, and thus 

generation of mRNA coding for the B variant of a.6, leads to amplification of a PCR 

product of 746 bp. Tue screening of a.6 variant expression during differentiation of 

human intestinal cells revealed a striking expression pattern; undifferentiated 

epithelial cells (HIEC, Figure 12B) predominantly express the A variant, while the 

fully differentiated villus epithelium (villus epithelium, Figure 12B) on the contrary 

almost exclusively express the B variant. This expression pattern was reproduced in 

two intestinal cell lines that share the ability to gradually undergo enterocyte-like 

differentiation dependent on growth conditions (Pinto et al., 1983; Zweibaum et al., 

1985). The Caco-2 cell line is seen to undergo a clear shift of expression when the 

cells are pennitted to differentiate (Figure 12B, Caco-2 SC & 0 PC vs. 5 PC and 30 

PC), as is the HT-29 cell line when it is grown under differentiation permissive 

conditions (Figure 12B HT-29 Glu vs Ino). Figure 12C display the graduai shift in 

a6A/a.6B transcript ratio observed during differentiation of some ofthese cell models. 

Thus, none of the undifferentiated samples differs statistically significantly from the 

poorly differentiated HIEC cell line, while ail the differentiated cells at various levels 

(P < 0.01 & P < 0.001, Tukey One Way Analysis Of Variance, N = 3-7) displays a 

statistically significant different a.6A/a.6B ratio than the HIEC cells (Figure 12C). 
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Figure 12: In Vitro expressiol!JI pattern ofthe two variants of a6 RT-PCR. A) 
Representation of PCR-strategy used to co-amplify transcripts ofboth a6 variants - see 
text for details. B) Expression levels of the two variants durring various differentiation 
stages. Representative experiments are shown. Four independent HIEC samples, seven 
primary extracts (villus epithelium), three independent series of Caco-2/15 and one series 
ofHT-29 were evaluated. C) The a6A/a6B ratio at different differentiation stages. 
were densiometricaly scanned and expressed as a6AJoc6B. **, ***: Statistically 
significantly from HIEC, P < 0.01 & respectively (Tukey One 'Nay 
Analysis OfVariance). Outcome are SEM. 
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Figure 13: Vitro exp:ressfon pattern of the two variants of a6 - western Mots A) 
Representative western blots showing the expression of the A and B variants of the 
integrin a6 subunit during the differentiation of Caco-2115 cells. Membranes were 
probed for the A variant followed by stripping and reprobing for the B variant to ensure 
equal loading. Actin further served as a loading control. B) Densiometric scanning of the 
bands*,**: Statistically significantly different from undifferentiatied SC (sub-
confluent) cells, P < 0.05 & 0.01 respectively (Tukey One Way Analysis Of Variance). 
Out-corne variables are SEM. Ratio is nornaalised to sub-confluent samples (SC). Pc: 
Post confluent. 



This phenomenon was reproduced at the protein level for differentiating Caco-2 cells 

(Figure 13A-B) as well as for HIEC cells (data not shown) demonstrating a tight link 

between the expression level of transcript and protein. 

ID.2.2 The A and B variants of the integrin a6 subunits are diff erentially 

expressed along the intestinal crypt-villus axis 

ln order to corroborate these in vitro observations, in vivo indirect 

immunofluorescence using antibodies raised against either a common extracellular 

epitope (GoH3) or the two different splice variants of the a6 subunit (a6-cytoA / 

684) was performed on 5 adult and 5 fetal (data not shown) human specimens. Using 

GoH3, even uniform staining at the base of all epithelium along the crypt-villus axis 

was observed (Figure l 4A). Despite slight inter-specimen differences in staining 

intensity and expression pattern the, in vivo observations essentially confirmed the in 

vitro observations of differentiation-specific expression of the two splice variants. 

Thus expression of a6A was seen to be confmed to proliferative active cells as 

demonstrated by the presence of staining in the midlle to upper crypts with a fade out 

of staining from the base of the villus (Figure 14B). Interestingly, the bottom of the 

crypt, where the differentiated Paneth cells reside stained less strongly for a6A than 

the low to middle crypt as seen in a higher magnification (Figure l SA). On the other 

hand the B variant was found to be present at the base of the epithelium throughout 

the crypt-villus axis with a clear reduction of staining intensity in the low to middle 
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In Vivo expression pattern of total a6, a6A & a6B 

Figure 14: In Vivo expression pattern of total a6, a6A & a6B 
Representative immunofluorescent staining of frozen tissue sections of the adult 
small intestinal crypt-villus axis for detection of total a6 and the a6A and a6B 
splice variants.( A) Expression of total a6 as detected using the antibody GoH3 
(Sonnenberg et al. 1987). Staining (green) is seen to be uniformly strong from the 
bottom of the crypt to the tip of the villus. (B) Expression of the A-variant as 
detected using the antibody a6-cytoA (de Curtis and Reichardt, 1993). Staining 
(green) is observed in the proliferative compartment of the crypt fading out toward 
the differentiated base of the villus and toward the bottom of the crypt. (C) 
Expression of the B-variant as detected using the 6B4 antibody (Hogervorst et al., 
1993 ). Staining is strongest in the differentiated compartments (bottom of crypt 
and villus). Original magnification: 138 x. 
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In Vivo crypt expression of a.6A & a.6B 

Figure 15: In Vivo crypt expression of a.6A & a.6B. High magnification 
(original magnification: 221 x) of the bottom of adult small intestinal crypts. 
(A) Expression of the A-variant as detected using the antibody a.6-cytoA (de 
Curtis and Reichardt, 1993). Staining (green) is observed in the proliferative 
compartment of the crypt fading out toward the differentiated bottom of the 
crypt. (B) Expression of the B-variant as detected using the 6B4 antibody 
(Hogervorst et al. , 1993). Staining is strongest in the differentiated bottom of 
the crypt, while the low to middle crypt show weak staining complementary to 
the staining displayed in (A). 
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crypt, where the A variant predominated (Figure 14C). As for the differentiated cells 

at the villus, the differentiated Paneth cells in the bottom of the crypt were seen to 

stain stronger for the B variant than the proliferative lower to middle crypt (Figure 

lSB). 

10.2.3 Molecular cloning of the two splice variants of the integrin a6 subunit 

The cDNA coding for the cx.6A variant was a kind gift of Dr. Sonnenberg (Division of 

Cell Biology, The Netherlands Cancer Institute, Amsterdam The Netherlands.) During the 

sequencing following the cloning of the B variant, a discrepancy from the most 

dominant published sequences was observed. The amino acid at position 1085 is 

reported to be an argenine (Cooper et al., 1991), but was consistently (N = 10 

independent clonings from 3 cell lines and 7 human individuals) observed to be a 

glutamic acid and thus the possibility of a polymorphism was considered neglectable. 

Consequently the sequencing of this variant was reported to the human gene-bank and 

all subsequent experiments were carried out using this variant. See appendix 1. 

111.2.4 The A variant of the integrin cx.6 subunit activates the j3-cateninffCF4 and 

MYC transcriptional complexes 

The observed shift of expression of variant associated with the distinct states and/or 

cellular compartments is suggestive of a role of the cellular ratio of cx.6A/cx.6B in either 
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enterocytic proliferation or differentiation. In order to investi gate this possibility, co-

transfection of various reporter vectors either responding to activation of intra-cellular 

pathways of proliferation (p-cateninffCF4 and MYC) (Korinek et al., 1997; van de 

Wetering et al., 2002) or reporter plasmids carrying promoters ofknown and accepted 

differentiation markers (lactase-phlorizin hydrolase (LPH), sucrase-isomaltase (SI), 

intestinal alkaline phosphatase (ALPI) & and dipeptidylpeptidase IV (DPPIV) 

(Boudreau et al., 2002; Olsen et al., 2005; Troelsen et al., 2003) with the two variants 

of integrin a6 were carried out in the intestinal cell line Caco-2. It is seen from Figure 

l 6A that over expression of the A variant of the a6 subunit stimulates the 

transcriptional activity of both the P-cateninffCF4 pathway and the MYC 

transcription factor of cell cycle progression statistically significant more than over 

expression of the a6B integrin (P < 0.001, Students t-test). For the differentiation 

markers, no differential impact of over expression of the a6A and the a6B subunit 

were seen (Figure 16B-C). 

Ill.2.5 Integrin a6 is up regulated and undergoes a variant shift in 

adenocarcinomas of the human colon 

From the previous demonstration that expression of the integrin P4 subunit is up-

regulated in adenocarcinomas of the human colon (section III.1.1, Figure 8A-B) (Ni et 

al., 2005), it follows that the expression of the a6 subunit must be also be up-

regulated in adenocarcinomas of the human colon. This was confirmed using 
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Impact on cellular functions due to over expression of the A and B variant of a6 
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Figure 16: Impact on cellular functions due to over expression of the A and B variant 
of a6. Response of promoter activity associated with either proliferation or differentiation 
of intestinal epithelial cells upon forced expression of the A or B variant of a6. Results 
are mean of three independent experiments performed in quadruplicates. Outcome 
variables are SEM. A) 25-30% confluent Caco-2/15 cells were co-transfected with either 
splice variant in combination with either the TOPFlash plasmid (Korinek et al., 1997) or 
the MycTaLuc plasmid that responds to transcriptional activity of the P-catenin/TCF4 
complex or MYC respectively. ***: Statistically different from the B variant (P < 0.001, 
Students t-test). B) The promoter activity of sucrase-isomaltase (SI) (Boudreau et al., 
2002a) and lactase-phlorizin hydrolase (LPH) (Troelsen et al., 2003) when either splice-
variant of a6 is over expressed. C) The promoter activity ofDipeptidylpeptidase IV 
(DPPIV) and Intestinal Alkaline Phosphatase (ALPI) (Olsen et al., 2005) when either 
splice variant of a6 is over expressed. 
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Expression level of total a6, a6A and a6B in colon cancer 
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Figure 17: Expression level of total a6, a6A and a6B in colon cancer. A) Real-time qRT-
PCR demonstrating an up regulation of expression of integrin a6 in adenocarcinomas of the 
human colon, a6 expression is normalized to three different normalizing genes using a 
weighted average of expression. * statistically different from RM (Resection Margins) (P < 
0.05. Students t-test. N = 24 pairs.) B) Shift of variant expression in adenocarcinomas of the 
human colon (Tu) as compared to the corresponding healthy tissue (RM), * statistically 
different from RM (Resection Margins) (P < 0.05, Students t-test N = 21 pairs.) 

Pairs 
Percentage 

Elevated a6A Elevated a6B Total 
in tumors 

17 
81% 

in tumors 
4 

19% 
21 

100% 

Table 4. a6A/a6B ratio modulation in colon cancers. Summary of change in 
a6A/a6B ratio in the 21 pairs ofhealthy and malign tissue examined. 
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quantitative real-time RT-PCR performed on patient matched pairs of primary 

adenocarcinomas and their corresponding healthy resection margins. Using 21 such 

pairs, a statistically significant (P < 0.05, paired t-test) overall 1.6-fold up-regulation 

of expression was observed when the initial raw C.-data were normalized using a 

geometric average of three different normalizing genes (B2M, MANlBl & MTR) 

according to (Vandesompele et al., 2002) (Figure 17A). lndividually, the three 

nonnalizing genes yielded an overall up-regulation of integrin a.6 expression in the 

adenocarcinomas from 1.5-to 2.2-fold (data not shown). The observed differential 

effect of the A and the B variants of the integrin a.6 subunit on the activity of the J}-

catenin!fCF4 complex and the MYC oncogene both of which are prominent players 

in colon cancer biology (Erisman et al., 1985; Korinek et al., 1997) prompted a further 

characteri:zation of the variant expression in primary adenocarcinomas of the human 

colon and their corresponding healthy resection margins (RM) using the same 

competitive RT-PCR strategy as was employed for the assessment of the expression 

pattern during differentiation (Figure 12A). This characteri:zation revealed a 

statistically significant (P < 0.05, paired t-test) shift in the a6Afa6B-ratio towards an 

elevation of the expression of the a6A variant in the adenocarcinomas as compared to 

their corresponding RM in 17 out of 21 investigated pairs (Figure l 7B, Table 4). In 

order to further examine these observations on primary tissue, six colon cancer cell 

lines (Caco-2/15, T84, DLD-1, Colo201, HCT-116 and HT-29) were investigated for 

their a6Afa6B ratio during proliferation. These results revealed that ail the colon 

cancer cell lines to various degrees primarily expressed the A variant rather than the B 

variant (Figure 18) with an overall a6Afa6B ratio of2 (Table 5). 

65 



Differential expression of integrin a.6 splice variants 
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Figure 18: Differential expression of integrin a.6 splice variants - Human colon 
cancer cell lines. Predominance of expression of the A variant of a.6 in colon cancer 
cell lines. (A) RT-PCR of six different colon cancer cell lines showing a predominant 
expression of the A variant rather than the B variant. 

a.6A/a.6B 
p* 

RIEC 
3.15 

Caco-2/15 
SC OPC 

3.10 2.51 
> 0.05 > 0.05 

Cancer 
cell lines 

2.07 
> 0.05 

Caco-2/15 
5 PC 30PC 

1.28 1.05 
< 0.01 < 0.01 

Villus 
Epithelium 

0.23 
< 0.001 

Table 5: Integrin a.6A/a.6B transcript ratio. The a.6A/a.6B transcript ratio of six 
cancer cell lines as well as the diff erent cell stages/primary extracts representing 
different stages of differentiation. *: Testing the null-hypothesis that there is no 
statistical significant difference between RIEC and differentiation stage/cancer cell, 
Tukey One Way Analysis of Variance. 
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111.3 Identification and validation of normalizing genes for usage in mRNA 

measurements in difl'erentiating human enterocytes and adenocarcinomas of the 

human colon 

111.3.1 DitTerentiation of human enterocytes 

Two cell lines that together with primary epithelial extracts recapitulate the crypt-

villus axis (Pageot et al., 2000) were used in this study. Briefly the HIEC-6 cell line is 

a poorly differentiated crypt-like cell line (Perreault and Beaulieu, 1996), while the 

Caco-2/15 cell line, as its parental cell line (Pinto et al., 1983), has the capacity to 

gradually undergo differentiation when cultured at confluency (Beaulieu and Quaroni, 

1991) white primary extracts of fetal villus cells are fully differentiated enterocytes 

(Perreault and Beaulieu, 1998). To ensure that the different cell lines used truly 

represent different levels of differentiation, a real-time monitored amplification of the 

transcript of the well-established differentiation marker sucrase-isomaltase (SI) was 

performed (Figure 19). The data plotted is the average "raw'' Ct-value from triplicates 

of each differentiation stage. The Ct-value represents the number of thermal cycles 

required to reach a certain threshold fluorescence and is inversely correlated to the 

amount of input cDNA. Given a PCR-efficiency of 100% a ôCt of 1 represents a 

doubling of input material. The poorly differentiated HIEC-6 cells and the sub-

confluent (SC) Caco-2/15 cells did not yield a specific amplicon and were thus 

considered not to express SI. Correspondingly they were attributed the designation of 
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Differentiation of enterocytic samples 
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Figure 19. Differentiation of enterocytic samples. The samples represent different 
levels of differentiation. Ct-value of Sucrase-Isomaltase obtained using the different 
samples are shown. N.d.: Not detected. Shaded area: 95% confidence boundaries. P < 
0.001 Tukey One Way Analysis ofVariane (ANOVA). Outcome variables are SEM. 
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non-detectable (n.d). In contrast the samples representing newly confluent Caco-2/15 

cells to fully differentiated intestinal epithelial cells display a dramatic increase in the 

presence of SI cDNA as a function of differentiation (Figure 19). The decline in Ct-

value as a function of differentiation stage is dramatic and roughly represents a 325-

fold induction of SI expression over the course of the clifferentiation, demonstrating 

that the different samples do indeed represent different stages of differentiation. To 

identify genes, that do not display any significant variation during the differentiation 

process of intestinal enterocytes, previously generated cDNA micro-array data 

representing different stages of differentiation (J. Auclair, E. Tremblay and J-F. 

Beaulieu, unpublished data) were used to identify genes with a low variation as a 

function of differentiation. Two such genes, which subsequently were analyzed in 

conjunction with seven other widely used normalizing genes, were identified: 

mannosidase-a, class lB, member lB (MANlBl) and 5-methyltetrahydrofolate-

homo-cystine methyltransferase (MTR). 

Next, the average Ct-values obtained for each gene at ail differentiation stages 

were plotted against the differentiation stages followed by linear regression analysis 

on the line ofbest fit. Since the aim of the experiment was to identify the gene(s) with 

the least variability as a consequence of differentiation, plotting gene expression as a 

consequence of differentiation, should yield a regression line with a slope as fiat as 

possible. The slope-value of a straight line is given by m in the equation y = mx + b, 

where y represents the ordinate value, x symbolizes the abscissa value and b denotes 

the y-intercept of the line. Figure 20 displays the average Ct-values of ail nine 

candidate genes plotted against the different differentiation stages, while Table 6 
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Figure 20. Identification of stably expressed normalizing genes- Differentiation. 
Variation of expression levels of the nine candidate genes during differentiation. The 
Ct-value obtained for each gene at the different differentiation stages are shown. 
Shaded area: 95% confidence boundaries. Outcome variables are SEM. 
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Stabili~ Value* 

Slope (m) r2 PValue (ANOVA) SD 
Using the 

Gene Sïmbol Normfinder aeetet 
Ali cell-lines 
RPLPO -0.02 ±0.05 0.01 0.19 0.43 0.42 
GAPD 0.21±0.10 0.20 < 0.01 0.71 0.59 
HPRT1 -0.06 ± 0.16 0.01 < 0.01 1.21 0.81 
B2M -0.03 ±0.09 0.01 0.48 0.58 0.76 
POLR2A -0.27 ± 0.20 0.09 < 0.01 1.25 0.76 
RPS14 -0.11±0.08 0.09 0.06 0.61 0.37 
MAN1B1 0.24 ±0.08 0.32 < 0.01 0.66 0.47 
ACTB 0.28 ± 0.06 0.53 < 0.01 0.61 0.52 
MTR -0.22 ± 0.19 0.06 0.62 1.23 0.84 
Caco-2115 
RPLPO -0.07±0.09 0.04 0.50 0.43 0.31 
GAPD -0.04±0.12 0.01 0.53 0.50 0.38 
HPRT1 -0.35±0.20 0.19 0.03 0.76 0.57 
B2M -0.13±0.12 0.08 0.66 0.53 0.51 
POLR2A -0.82±0.19 0.58 0.01 1.05 0.51 
RPS14 -0.31±0.10 0.36 0.06 0.53 0.28 
MAN1B1 0.08±0.10 0.05 0.30 0.40 0.29 
ACTB 0.12±0.09 0.11 0.54 0.41 0.45 
MTR -0.52±0.26 0.24 0.23 1.08 0.61 

Table 6. Regression and statistical data of the nine candidate genes during 
enterocytic diff erentiation. 
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summarizes statistical analysis of the same genes. From Figure 20 and Table 6, it is 

apparent that three of the potential normalizing genes display a strong tendency to 

elevated expression as a function of differentiation, thus POLR2A, MTR and RPS 14 

have negative slope (m) values of --0.27, -0.22 & -0.11 respectively. On the other 

hand, ACTB, MANlBl & GAPD demonstrated slope values that are positive (m = 

0.28, 0.24 & 0.21 respectively) while only RPLPO, HPRTl and B2M exhibited slope 

value close to zero (-0.02, -0.06 & 0.03, respectively). In order to further characterize 

the expression level of the putative normalizing genes during differentiation, an 

analysis of goodness of fit of the linear regression was performed. The goodness of fit 

(r2) is a measure of how well a given regression line represents the underlying data. 

The r2 value is computed by comparing a hypothetical horizontal line extending 

through the mean of the underlying data points (i.e. an m-value of zero) with the 

obtained regression line. A ?-value close to one means that the data points are best 

represented by the obtained regression line, while a ?-value close to zero indicates 

that the best way of describing the data is a horizontal line through the rnean of all the 

data-points. In the given situation, an ?-value near zero thus signifies little variation 

of gene expression as a consequence of differentiation. Using this parametet (low ?-

value) to identify the best normalizing genes, it was again RPLPO, HPRTl and B2M 

that displayed the most stable expression with values of 0.01 for all three (Table 6). 

The above-mentioned methods of analysis are both based on an overall 

consideration of the full data set resulting in a certain tolerance of outliers that can 

"disappear" in the full data set. To evaluate if any such outliers were present in the 

dataset, analyses aimed at assessing the inter- and intragroup variations were 
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perfonned. To determine if any of the differentiation stages statistically significantly 

differed from the other differentiation stages in their expression levels of the potential 

nonnalizing gene, a One Way Analysis Of Variance (ANOVA) was carried out. Table 

6 summarizes the obtained P-values using this analytical tool. The genes displaying 

no statistical significant difference (P > 0.05) between the different differentiation 

stages were RPLPO, B2M, RPS 14 and MTR, while the further five genes ail varied 

significantly in expression level during differentiation. Next, the standard deviations 

(SD) of the Cr values of the individual genes were calculated. The four genes with the 

lowest SD were RPLPO, B2M, RPS14 and ACTB (0.43, 0.58, 0.61 & 0.61 

respectively), Table 6. Three genes stood out with very high (> 1.0) SD values. They 

were HPRTl, POLR2A and MTR (Table 6). Scrutiny of Figure 20 reveals that these 

three genes ail have very high variation of expression in the poorly differentiated 

samples (HIEC and SC Caco-2/15). To exclude the possibility of experimental error 

being the cause of this variation, the real-time PCR runs were repeated for these genes 

yielding similar results (data not shown). 

As a last analytical tool to give an over-all assessment of the variation of the 

expression level in the complete data sets, two Microsoft Excel based algorithms were 

applied to the data sets. The Normfinder and geNonn applets have been extensively 

described elsewhere (Andersen et al., 2004; Vandesompele et al., 2002). Briefly, they 

provide a measurement of variation of expression of the input data resulting in a 

"stability value" being assigned to each data set. Low value of the stability value 

denotes low variation in both algorithms. Using theses two analytical tools, RPLPO 

and RPS14 were identified as having the least variation during differentiation (Table 
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6). An overall assessment of variation of gene expression dwing differentiation using 

the described statistical tools clearly identifies RPLPO as the one gene that 

consistently ranks among the least variable genes. 

111.3.2 Differentiation of the intestinal epithelial cell line Caco-2/15 

The cell lines and the villus epithelial cell fractions analyzed in the previous section 

are highly specialized models not readily available to ail laboratories in the world. 

Thus, the data from the Caco-2/15 cell line, which is a clone of the parental cell line 

Caco-2, were reanalyzed alone using the same parameters (Table 6). As with the full 

data-set RPLPO displayed little variation during the differentiation process (m = 0.07 

and r2 = 0.04), while B2M showed less stability during the differentiation process of 

Caco-2/15 as compared to the full data set (m = -0.13 vs. -0.03 and r2 = 0.01 vs. 0.08). 

Interestingly, MANlBl, GAPD and to some extent ACTB that ail showed a 

considerable modulation of expression during differentiation (m = 0.24, 0.21 & 0.28 

and r2 = 0.32, 0.20 & 0.53 respectively) displayed little modulation of expression 

during the differentiation process of Caco-2/15 alone (m = 0.08, -0.04 & 0.12 and r2 = 

0.05, 0.01 & 0.11, respectively, Table 6), indicating that these genes are stably 

expressed within the Caco-2/15 cell line, but not across the cell lines and primary 

tissue. This conclusion is strengthened by the results from the ANOVA analysis of the 

Caco-2/15 data set: MANlBl, GAPD and ACTB are ail expressed at the same level 

in this data-set (P > 0.05 for ail three genes, Table 6), while ail three genes modulate 
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their expression when the full data set are analyzed (P < 0.01 for ail three genes, 

Table 6). To this effect, performing a post-hoc test (Tukey Multiple Comparison Test) 

on the full data-set reveals that the differentiation stages that significantly differ from 

the others are indeed the primary extracts (appendix 2-4), demonstrating lack of 

consistency of expression across cell lines and primary extracts. The ANOV A 

analysis did however only identify two genes (POLR2A and HPRTl) as having 

statistically significant differences in expression during Caco-2/15 differentiation. In 

general, exclusion of the data obtained with the HIEC cell line and the primary tissue 

did not yield any remarkable alterations to the SD values (the exception is HPRTI: 

0.76 vs. 1.47), while the Normfinder and geNorm algorithms together identified 

RPLPO, MANI BI and RPS14 as the three genes with the lowest variation (Table 6). 

111.3.3 Healthy colonie tissue vs. adenocarcinomas of the colon 

Firstly the cancer samples were tested for expression of the oncogenic transcription 

factor MYC to validate the cancerous nature of the samples. As expected (Erisman et 

al., 1985) a significant up regulation of expression was observed in the cancerous 

samples as compared to their corresponding healthy resection margins (~Ct = 1.69, 

Figure 21A-B). ln the case of normalizing gene stability between two different sample 

types (healthy tissue vs adenocarcinomas ), a simple comparison of the average ~c. 

between the two stages yields sufficient information. Thus, the expression levels of 

the nine putative normalizing genes were analyzed in the paired samples (Figure 

2 lA). It was found that the average expression levels were only significantly altered 
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as a consequence of the malign transfonnation process for RPLPO, RPS14 and GAPD 

(Figure 21A), while the remaining potential nonnalizing genes did not significantly 

alter their expression levels between the two stages. In order to address the problem 

presented by bi-directional changes in gene expression of the same magnitude 

between two or more of the paired samples, ail the ACrvalues were converted to 

absolute values and the average replotted as illustrated in Figure 21B. Using this 

approach to identify the normalizing gene with the least variation it is evident that 

B2M displays the least variation (ACt = 0.32), while MTR, MANlBl and ACTB ail 

displayed low variation as well {ACt = 0.48, 0.49 & 0.43, respectively) thus 

representing acceptable alternatives to B2M. Of note, POLR2A hardly shows any 

modulation of the crude average (Figure 21A), but display an absolute ACrvalue of 

almost 1.0 using the absolute values (Figure 21B). 
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IV. Discussion 

IV.1 Expression level of P4 and MYC transcripts in carcinomas of the buman 

colon 

Given the increasing in vitro and in vivo based evidences for a role of the a6~4 integrin 

in carcinoma biology (Chung et al., 2002; Dajee et al., 2003; Nikolopoulos et al., 

2004; Shaw et al., 1997; Weaver et al., 2002), the expression level of the ~4 subunit in 

adenocarcinomas of the human colon along with their corresponding healthy resection 

margins was evaluated by real-time quantitative RT-PCR. The overall expression level 

was found to be elevated in the adenocarcinomas as compared to the healthy mucosa by 

roughly 3-fold. Such an upregulation of expression of ~4 in adenocarcinomas is in 

relative good agreement with previous immunofluorescence based studies that have 

reported the presence of the ~4 subunit in adenocarcinomas of the human colon (Lohi et 

al., 2000; Sordat et al., 1998; Stallmach et al., 1992). The strength of the present study as 

compared to these studies is the inclusion of matched healthy resection margins that 

allows an individual assessment of the endogenous expression level of ~4. Using this 

approach, previous observations from our laboratory of an overall upregulation of the P4 

subunit at the protein level in adenocarcinomas of the human colon (Ni et al., 2005), 

were essentially reproduced at the transcript level. 

The transcript level of the oncogene MYC in healthy and malign tissues was also 

investigated and was found to be elevated in the adenocarcinoma samples as compared 

to their healthy resection margins. This was expected and in agreement with previous 

78 



studies reporting such an amplification of MYC transcript levels in colorectal cancers 

(Erisman et al., 1985; Smith et al., 1993). An analysis of the overall expression levels of 

transcript of (34 and MYC at an individual level leads to the finding that the expressions 

of the two transcripts were closely correlated, suggesting that a functional relationship 

exists between the two molecules. The transactivating activity and biology of MYC is 

complex and involves recruitment of several chromatin modifying complexes leading 

to both activation and repression of target genes. Briefly, activation occurs after 

heterodimerization with Max, which leads to DNA-binding and recruitment of the 

coactivator TRRAP that is part of a histone acetyltransferase complex that acetylates 

histone H4 leading to a more open chromatin structure, which is generally accepted to 

facilitate transcription of the target gene (Eisenman, 2001; Levens, 2002; Pelengaris et 

al., 2002). Thus, MYC activity is a dynamic balance between the presence of MYC and 

the dimeriz.ation partners Max and Mad making an estimation of the transactivating 

activity of MYC based solely on the presence of MYC possible (Eisenman, 2001; 

Levens, 2003; Pelengaris et al., 2002). 

A sequence analysis of the promoter and enhancer of the (34 gene leads to the 

identification of two putative binding sites of MYC. Interestingly, a functional MYC 

binding site has previously been identified in the promoter of the integrin a6 subunit 

(Nishida et al., 1997) further strengthening the indication of a role of MYC in the 

transcriptional regulation of the a6J34 integrin. Given 1) the tight correlation between the 

transcript levels of MYC and J34 and 2) the identification of the two putative MYC 

binding sites in the regulatory region of the (34 gene, functional promoter, studies were 

carried out in the colon carcinoma cell line Caco-2/15 using a dual-luciferase reporter 
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system. This system provided evidence of MYC dependent transcriptional upregulation 

of the integrin (34 gene. MYC is, despite its profound impact on cell-cycle regulation 

(Pelengaris et al., 2002) and association with colon carcinomas (Erisman et al., 1985; 

Rothberg et al., 1985; Smith et al., 1993), a relatively weak activator of target gene 

expression and only activates natural and artificial target promoters in the 2-5-fold 

range (Eisenman, 2001; Levens, 2002; Pelengaris et al., 2002). In light ofthis, and the 

1.8-fold up-regulation of an artificial MYC responsive promoter (pMycTaLuc) upon co-

transfection with MYC in colon carcinoma Caco-2/15 cells, the finding that MYC 

induces a 1.6-fold up-regulation of the integrin P4 promoter activity in Caco-2/15 cells is 

not only highly statistically significant (P<0.001), but also of considerable importance as 

a potential causal player in the up-regulation of integrin P4 in adenocarcinomas of the 

human colon as observed in this and other studies (Lohi et al., 2000; Sordat et al., 1998; 

Stallmach et al., 1992). One of the two putative MYC binding sites identified in the 

promoter of P4 was found to be placed upstream of the transcriptional start site (-1262/-

1256), white the other putative binding site was found at position +2457/+2463 in the 

enhancer placed in intron 1 of the P4 gene (Takaoka et al., 1998). An intron 1 placed 

E-box is common in MYC target genes and correlates with the capacity ofMYC-Max 

complexes to form tetrameric complexes resulting in dual DNA-MYC interactions by 

the same complex (Levens, 2003). Therefore, the presence of putative E-boxes both 

upstream and downstream of the transcriptional start site of p4 suggests that both 

binding sites may play functional roles in the transactivating of the integrin P4 gene. 

However, the use of three different promoter-constructs carrying the two putative 

binding sites either alone or in combination with each other failed to demonstrate any 
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MYC mediated transactivation via the putative binding site positioned at position 

+2457/2463. A consistent difficulty in MYC biology is the weak nature of target gene 

activation by MYC and the broad range of genes that are both activated and repressed by 

it (Levens, 2003; Pelengaris et al., 2002; Wanzel et al., 2003), making it difficult to 

distinguish between the direct and indirect transcriptional effects of MYC. Thus, it 

cannot be ruled out that the observed effect of MYC on the activity of the integrin 134 

promoter is in fact not mediated directly by MYC, but by a more downstream effect of 

MYC activity. In this light, experiments aimed at shedding light upon this question 

would be interesting to perform. Such experiments could include site-directed mutations 

of the putative MYC binding sites in the P4 promoter followed by reporter-gene 

analyses. The abolishment of an effect of MYC overexpression would argue a direct 

interaction between MYC and the 134 promoter through these sites, whereas no 

diminishment of reportergene activity would argue an indirect effect. Complimentary to 

these experiments EMSAs could be performed. However, regardless of the nature of the 

stimulation (direct vs. indirect), it remains a fact that in the context of a colon cancer 

cell line (Caco-2/15), overexpression of MYC leads to an upregulation of the 

transcriptional activity of the 5' promoter of integrin 134 in accordance with the 

observed close correlation between the transcript levels ofMYC and P4 in 26 samples 

of primary human colonie tissue. This finding of a functional link between the 

expression of MYC and the transcriptional activity of the 5' promoter of integrin p4 

argues a role of MYC in the regulation of the expression level of P4 adenocarcinomas 

of the human colon in vivo. This notion makes the elevated expression level of a6P4 

an epiphenomenona, rather than a causative factor, of colon cancer progression in 
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accordance with the general held view that (colon) cancer fonnation is the function of 

genetic instability resulting in mutation of several key-genes, in a step-wise fashion 

(Kinzler and Vogelstein, 1996; Lengauer et al., 1998; Vogelstein and Kinzler, 2004). 

However, there is substantial evidence that a subclass of integrins, including the 

a.6J34, activate the Ras pathway of proliferation (Mainiero et al., 1997; Wary et al., 

1996) and it is therefore not possible to rule out the possibility of a positive feed-back 

loop, where MYC stimulates a.6J34 expression, which then, via the Ras-pathway and 

its effect on eIF-4E-mediated translation of MYC (Figure 1.3.6), stimulates MYC 

expression. 

IV.2 a.6A and a.6B in healthy intestinal cells and adenocarcinomas of the human 

colon 

Herein, evidence has been presented that while both splice variants of the integrin a.6 

subunit are present in the human small intestine, the A variant is predominantly 

expressed in the proliferating enterocytes of the crypt with a graduai loss of 

expression in the differentiated enterocytes of the villus. In contrast, the a.6B variant 

appears to be ubiquitously expressed in ail enterocytes of the human crypt-villus axis 

regardless of the differentiation stage. Furthermore, not only a general up-regulation 

of expression of the a.6 integrin in colon cancers, but a shift in the a.6A/a.6B 

expression ratio towards that found in the crypt, has been documented. This shift is of 
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functional relevance as the A variant stimulates the activity of the ~-cateninffCF4 

complex of significantly more than the B variant. 

The importance of interactions between the epithelium of the intestinal tract 

and the underlying basement membrane (Beaulieu, 1997; Beaulieu, 1999; Lussier et 

al., 2000) as well as the biological impact of the integrins and their ligands (Giancotti 

and Tarone, 2003) in normal development of complex organisms is well established. 

The findings that the two splice variants of the a6 integrin are differentially expressed 

in the proliferative and differentiating compartments of the gut and that there is an 

association of the ratio of these two splice variants with the stage of differentiation is 

in good agreement with previous findings of distinct expression of components of the 

integrin-ECM system in gastrointestinal biology (Basora et al., 1999; Basora et al., 

1997; Beaulieu, 1992; Beaulieu et al., 1991; Desloges et al., 1998). lndeed, such 

patterns of expression have been reported for the two splice variants of a6 in several 

organs during the embryonic development of model organisms (Cooper et al., 1991; 

de Curtis and Reichardt, 1993; Thorsteinsdottir et al., 1999; Walker and Menko, 

1999) as has the differential impact of the two variants on chondrogenic cell 

differentiation in the chick (Segat et al., 2002) suggesting a functional importance of 

the expression ratio of the two variants in systemic biology. 

The immediate question arising from these distinct expression patterns in the 

different epithelial cellular compartments of the intestine, as well as in the cell models 

employed, is whether the restriction of the A variant to the proliferatively active zone 

is of functional importance for proliferation or whether its downregulation in the 

differentiated zone is permissive for enterocytic differentiation. By employing several 
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reporter vectors responcling to cell signaling associated with either enterocytic 

differentiation (DPPIV, ALPI, SI and LPH) (Boudreau et al., 2002; Olsen et al., 2005; 

Pageot et al., 2000; Troelsen et al., 2003) or proliferation (13-cateninffCF4 and MYC) 

(K.orinek et al., 1997; Pelengaris et al., 2002; van de Wetering et al., 2002), it was 

determined that while the cellular balance of expression of the two a6 splice variants 

does not have an impact on clifferentiation, over-expression of the A variant leads to a 

higher degree of activity of the 13-cateninffCF 4 complex and MYC compared to the B 

variant in a colon cancer cell line. The restricted expression of a6A to the 

proliferative zone of the intestine in combination with the stimulatory effect of a6A 

on the activity of the 13-catenin!TCF4 complex is in accordance with the known 

positive impact of the 13-catenin!TCF4 complex on intestinal cell proliferation (van de 

Wetering et al., 2002). While this complex is associated with intestinal epithelial cell 

proliferation and cancer formation (Korinek et al., 1997; van de Wetering et al., 

2002), it is of interest to note that downregulation of 13-cateninffCF4 activity has been 

suggested to be a factor in the clifferentiation of intestinal cells (Mariadason et al., 

2001). Thus, in the light of the herein presented data related to the expression pattern 

of a6A and a6B, it is tempting to speculate that the diminished activity of the 13-

cateninffCF 4 complex in intestinal cells undergoing differentiation is a consequence 

of alterations of the a6A/a6B ratio. This simple linear explanation is however not 

supported by the obtained results, as the over-expression of the two splice variants did 

not lead to a differential impact on clifferentiation marker expression. 

Based on the high level of expression of the integrin 134 subunit in the 

intestinal epithelium (Basora et al., 1999; Ni et al., 2005) and the preferential 
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association of a6 with P4 rather than the Pl subunit (Hemler et al., 1989), it is 

reasonable to assume that the a6 subunit variants are part of the a6~4 integrin in the 

human intestine. There is substantial evidence for the diff erential capacity of the 

a6AP1 and a6BP1 integrins to initiate intracellular signaling (Ferletta et al., 2003; 

Shaw et al., 1995; Wei et al., 1998) and facilitate migration on laminin (Shaw and 

Mercurio, 1995), but I am not aware of any studies demonstrating a functional 

diff erence between the a6AP4 and a6B P4 integrins, making the present study the 

first to demonstrate a diff erential impact of the a6AP4 and a6B P4 integrins in human 

epithelial cells. The nature of the intracellular signaling leading to this differential 

stimulation of the activity of the P-catenin!fCF4 complex is presently unclear. One of 

the key-components of the multiprotein complex that regulate P-catenin fonction in 

the cytoplasm of the cell is GSK-3p. This protein is a known target of signaling via 

both the Wnt-pathway as well as the PI3-K/AKT pathway (Cross et al., 1995; Patel et 

al., 2004; Woodgett, 2005). Thus, it is tempting to speculate that the observed link 

between over expression of the a6AP4 integrin and P-catenin activation is mediated 

via PI3-K/AKT - a pathway that the a6P4 integrin is known to stimulate (Bachelder 

et al., 1999b; Shaw et al., 1997), see appendix 7. One immediate weakness of this 

model, however, is the controversy regarding the impact of AKT mediated GSK-3P 

inhibition on P-catenin!fCF activity. Indeed, AKT mediated inhibition of GSK-3P has 

been reported to have both a positive effect on accumulation of P-catenin (Fukumoto 

et al., 2001) as well as no effect (Yuan et al., 1999). Interestingly, the former study 

(Fukumoto et al., 2001) found that the amplification of P-catenin!fCF activity by 

AKT was dependent upon presence of Wnt signaling. Thus these authors, and others 
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(Brazil et al., 2002), argues arole of AKT in sustaining P-catenin activity, rather than 

initiating it. Such a cross-talk and amplification between signaling pathways of 

distinct origin leading to sustained activation is in very good agreement with the role 

of integrin-initiated signaling in general (Lee and Juliano, 2004). Clearly, the 

proposed model is presently speculation and will require experimental proof to be 

validated. 

Another important feature, which is presently unclear, is the exact molecular 

differences between the intracellular domains of the a6AP4 and a6B P4 integrins that 

lead to the differential capacity of the two integrins to activate the P-cateninffCF4 

complex and MYC. Despite the completely different intracellular domains of a6A 

and a6B, the structural and biochemical basis for the diff erential capacity of the 

a6AP1 and a6BP1 integrins to stimulate the MAP Kinase-pathway (Ferletta et al., 

2003; Wei et al., 1998) and to stimulate phosphorylation of paxillin (Shaw et al., 

1995) is presently unclear. One distinctive feature of the a6A subunit is the 

phosphorylation on two intracellular serine residues upon PMA-treatment (Delwel et 

al., 1993; Hogervorst et al., 1993). Clearly, these phosphorylation events are obvious 

candidates for the differential capacity of the two subunits to initiate intracellular 

signaling. The impact on intracellular signaling of mutating these serine residues has 

though, to my knowledge, not been assessed experimentally. It has though been 

demonstrated that the phosphorylation of these serines does not play a role in 

activation of the ligand binding of the a6A subunit (Shaw and Mercurio, 1993). Again 

it must be stressed that this suggestion is speculation and that experimental validation 

is required to prove the proposed model. It does, however, remain a fact that the two 
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their capacity to stimulate intracellular signaling - regardless of their dimerii.ation 

partner. 

Taken together, the findings that the a.6A134 integrin is restricted to the 

proliferative compartment of the intestine, as well as its upregulation in primary colon 

carcinomas, argue that the a.6Aj34 integrin plays an important proliferative role in 

both tissue homeostasis and carcinogenesis of the human colon. However, systemic 

replacement of a.6A with the a.6B subunit in healthy animais leads to a very modest 

phenotype (Gimond et al., 1998), indicating that while the a.6Aj34/a.6Bj34 ratio is of 

importance in intestinal homeostasis, other factors can compensate, at least partly, for 

its disruption in healthy epithelium. This apparent redundancy of the a.6A/a.6B ratio 

in healthy organ development is in agreement with the findings that genetic knock-out 

of the a.6 subunit in mice does not lead to noticeable developmental defects beyond 

structural disruption of the epidennis due to lack of hemidesmosomes. (Georges-

Labouesse et al., 1996). The development and maintenance of the intestinal 

epithelium is a highly dynamic process that is dependent upon profuse amounts of 

signais including autocrine and paracrine stimulation and cell-cell, as well as integrin-

extracellular matrix interactions (Kedinger et al., 1998a; Kedinger et al., 1998b; Teller 

and Beaulieu, 2001; Walters, 2005). It is conceivable that this renders some aspects 

of the tissue homeostasis redundant. This view is supported by the observation that 

the a.3 and the a.6 subunits, that both form laminin binding integrins are capable of 

compensating for each other in apical ectodermal ridge formation in the mouse (De 

Arcangelis et al., 1999). 
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On the other hand, it is now clear that neoplastic cells tend to up-regulate the 

expression of integrins that favor their migration, survival and proliferation during the 

complex multistep generation of tumours (Guo and Giancotti, 2004; Hanahan and 

Weinberg, 2000). Consequently, the function of integrins in carcinoma progression 

has been the subject of intense study during the past decade (for reviews see (Guo and 

Giancotti, 2004; Lipscomb and Mercurio, 2005; Mercurio et al., 2001b; Mercurio and 

Rabinovitz, 2001). Indeed, recent work from our lab has reported an up-regulation of 

the expression of the integrin J34 subunit in a substantial subset of primary human 

colon carcinomas (Ni et al., 2005) in accordance with a finding of an overall up-

regulation of expression of the a6 integrin in a series of primary colon carcinomas. 

The mechanistic and biochemical roles of the a6J34 integrin in the aspects of 

carcinoma biology is well documented, both in vitro and in vivo (Dajee et al., 2003; 

Lipscomb et al., 2003; Mercurio et al., 2001b; Mercurio and Rabinovitz, 2001; Ni et 

al., 2005; Nikolopoulos et al., 2004). Thus, the formation of tumors in mice has been 

documented to be dependant on the presence of a functional a6J34 integrin and its 

ligand laminin-5 (Dajee et al., 2003). In accordance with this is the finding that mice 

lacking the signaling domain of the J34 integrin do not develop tumors due to impaired 

angiogenesis (Nikolopoulos et al., 2004) demonstrating not only a crucial role of 

a6J34 in tumor biology, but also a cellular mechanism through which the integrin fills 

that role. Herein, we delineate a novel biochemical mechanism by which the a6Aj34 

integrin, rather than the a6BJ34 integrin, participates in the progression of colon 

carcinomas: by the stimulation of the J3-cateninffCF4 complex. The findings that the 

A, but not the B, variant of the integrin a6 subunit stimulates transcriptional activity 
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by the ~-catenin/TCF4 complex and the MYC proto-oncogene, two key players in 

colon carcinoma biology (Erisman et al., 1985; Gregorieff and Clevers, 2005; Smith 

et al., 1993), prompted an investigation of the a.6A/a.6B ratio in primary colon 

carcinomas compared to their patient matched healthy resection margins. An increase 

in the a.6A/a.6B ratio in 81 % of the primary tumours vs. their corresponding 

histologically normal resection margins was observed, indicating that the increase of 

expression of the a.6 integrin in primary colon carcinomas is an effect of the up-

regulation of the A variant rather than an overall up-regulation of both variants. lbis 

is further indicated by the finding of a predominant expression of the A variant in ail 

six colon carcinoma cell lines investigated demonstrating a conservation of the 

integrin expression profile between primary tumours and colon carcinoma-derived 

cell lines, further arguing a functional importance of the observed high a.6A/a.6B ratio 

in colon cancers. 

mRNA maturation, including splicing of the pre-mRNA to it's mature form, is 

an extremely complex process that involves more than 300 accessory proteins whose 

functions are still largely unknown (Jurica and Moore, 2003; Nilsen, 2003). Sorne 

themes of potential relevance to the alternative splicing of the pre-mRNA of the a.6 

subunit includes 1) presence and phosphorylation (activation) of different splice co-

factors such as the SR family (SR) and heterogeneous nuclear ribonucleoprotein 

particle proteins (hnRNP proteins)) (Black, 2003; Chabot et al., 2003), 2) differential 

activity of the promoter of the a.6 gene as well as 3) differential elongation rate of the 

RNA Pol II during transcription. (Black, 2003; Caceres and Kornblihtt, 2002; Nogues 

et al., 2003). In the first scenario the ratio of SR and hnRNP proteins determines the 
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usage of alternatively spliced exons (Black, 2003; Chabot et al., 2003). Of note for the 

inclusion of exon A in the mRNA of the integrin a6 subunit is the function of the SR 

proteins. This class of proteins facilitates recruitment of members of the generic 

splicing machinery to weak splice sites in the upstream sequence of an alternatively 

spliced exon resulting in the retention in the mature mRNA of the otherwise out-

spliced exon (Graveley, 2000; Smith and Valcarcel, 2000). The hnRNP proteins 

generally antagonize the SR family of proteins (Black, 2003; Caceres and Kornblihtt, 

2002; Chabot et al., 2003). Thus the ratio of SR!hnRNP proteins to some extent 

controls the usage of alternative splicing sites in the pre-mRNA (Chabot et al., 2003). 

An alteration of the SR/hnRNP protein ratio in colon cancer in the favor of presence 

of the SR family of proteins could therefore be the underlying molecular mechanism 

of the increased inclusion of the A exon in the mature mRNA of a6. It should though 

be noted that the activity of both group of proteins are under control of upstream 

kinases (SR protein kinases (SRPKs) and Clk/Sty) that alters their function (Graveley, 

2000; Stojdl and Bell, 1999), making it equally possible that the control of the 

splicing of the pre-mRNA of a6 is at the level of colon cancer specific kinase activity. 

Another level of alternative splicing control is exerted by differential recruitment of 

splice factors by distinct transcription factors binding to the promoter of the gene 

(Caceres and Kornblihtt, 2002; Nogues et al., 2003). Thus, "cancer specific" 

transcription factors (or cancer specific alterations of the ratios of "generic" 

transcription factors) may lead to differential recruitment of pre-mRNA splice factors 

to the RNA Pol II. In this context, it is worth noticing that the a6 promoter contains a 

functional MYC binding site (Nishida et al., 1997) and thus in a large subset of colon 
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cancers will have an altered promoter activity and composition of transcription factors 

recruited to it. It could, thus be speculated that the altered promoter activity and 

composition of the pre-initiation complex of the RNA Pol II could lead to alterations 

in the specific splice factors recruited to the pre-mRNA of a6. The herein presented 

observation that the expression level of a6 mRNA is elevated in colon cancers argues 

altered promoter activity of the a6 gene and it is thus not possible to rule out this level 

of control of the alternative splicing of the pre-mRNA of a6. Finally, the elongation 

rate of the RNA Pol II affects the alternative splicing (Black, 2003; Caceres and 

Kornblihtt, 2002; Nogues et al., 2003). Briefly, fast elongation leads to exclusion of 

alternatively spliced exons, while low elongation speed leads to inclusion of 

alternatively spliced exons (Black, 2003; Caceres and Kornblihtt, 2002; Nogues et al., 

2003). Unknown factors may thus negatively affect the elongation speed of RNA Pol 

II in adenocarcinomas of the human colon leading to inclusion of the A exon of a6. 

These unknown factors could be generic or specific for the a6 transcription. It is 

though pertinent to stress, that all the proposed models are based upon knowledge 

about alternative pre-mRNA splicing of mode! genes, and that insight into the 

molecular mechanisms underlying the alternative splicing of a6 presently is not 

available. 

Alterations in the ratio of alternatively spliced pre-mRNAs as well as the 

occurrence of cancer-specifr:: splice variants in the mRNA pool are commonly 

observed in cancer progression/formation leading to altered properties of the 

cancerous cells (Faustino and Cooper, 2003; Venables, 2004; Wang et al., 2003) as is 

the occurrence of cancer specific extracellular rnatrix receptors. Indeed, differential 
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splicing of the pre-mRNA of the extracellular matrix receptor, CD44, is a well 

characterized example of this (Faustino and Cooper, 2003). Briefly, adenocarcinoma 

specific splice variants confer metastatic potential to an adenocarcinoma cell line 

( Gunthert et al., 1991 ), th us demonstrating the functional importance of altematively 

spliced ECM receptors in cancer biology. It is presently an open question if the altered 

cx6A/a.6B ratio observed in the colonie adenocarcinomas represent a causative event 

for aspects of the tunoiral behavior, as in the case of alternative CD44 splicing 

(Gunthert et al., 1991), or if it represents an epiphenomena. While the presence of a 

MYC binding site in the promoter of the a.6 gene (Nishida et al., 1997) does not, per 

se, confers any information about the subsequent splicing of the pre-mRNA it does 

though hint that the overall expression of cx6, as well as (34, is under the 

transcriptional control of an oncogene that is frequently upregulated in colon cancers 

(Erisman et al., 1985; Ni et al., 2005; Smith et al., 1993) suggesting that the 

expression level of a.6(34 is an epiphenomena of MYC activity rather than a causative 

event leading to the formation of colon cancer. As previously mentioned, though, the 

existence of a positive feed-back loop can not be excluded (see above). 

IV.3 Role of cx.6(34 in colon cancer 

It is important to note that excluding a causative role of the a.6(34 subunit in 

colorectal tumorogenesis does not preclude an important function of a6f34 in the 

progression of the malignancy. Indeed the specific upregulation of a, for adhesion to 
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laminin-5, functional P4 subunit (Ni et al., 2005) in combination with a shift in a6 

variant expression towards a variant that stimulates the p-cateninffCF4 complex 

strongly suggest that the a6Ap4ctd+ integrin plays a role in the progression of the 

disease. In fact, several lines of evidence from both in vivo and in vitro studies of the 

function of a6P4 in carcinoma cells have defined numerous important cell-biological 

functions mediated by a6p4, which contribute to a number of aspects of carcinoma 

progression. In this context, signaling mediated through the C-terminal domain of P4 

is crucial for angiogenesis and vascularisation (Nikolopoulos et al., 2004). In addition 

p4, as well as its ligand laminin-5, are crucial for human squamous cell carcinomas to 

form upon grafting on mice (Dajee et al., 2003). Of note, the presence oflaminin-5 as 

a ligand for a6p4 does not appear to be crucial in ail cellular systems. Indeed, several 

reports have verified that a6P4 can function in a ligand-independent (Bertotti et al., 

2005; Chao et al., 1996; Gambaletta et al., 2000; Trusolino et al., 2001) as well as in a 

dependent (Shaw et al., 1997) manner to induce migration and invasion through the 

underlying BM, thus providing carcinoma cells expressing a6P4 with a selective 

advantage in escaping the initial site of tumor formation. Furthermore, a6p4 

physically interacts with and redistributes the underlying BM creating physical pores 

to facilitate cellular invasion through the BM (Rabinovitz et al., 2001 ). An important 

hall-mark of cancer progression that is crucial for the survival of the carcinoma cells 

during the dissemination process is the capacity to resist anoikis (Hanahan and 

Weinberg, 2000). In this regard, elevated (or maintained) expression of a6P4 further 

confers selective advantages to carcinoma cells since a6p4 stimulates cellular 

survival through activation of the PI3-K/Akt/eIF-4E pathway leading to an 
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upregulation of VEGF translation and subsequent autocrine stimulation of survival 

(Chung et al., 2002; Chung et al., 2004a). 

IV.4 ldentifying and validating normalizing genes for mRNA quantification 

purposes during the differentiation process of human enterocytes and studies of 

adenocarcinomas of the human colon 

Our results identify and validate suitable normalizing genes for studies of 

transcriptome changes in differentiating hum.an enterocytes and adenocarcinomas of 

the hum.an colon, while the methodology serves as a paradigm for a rigorous and 

controlled investigation of the suitability of candidate normalizing genes in a given 

cellular context or experimental set-up. 

In order to avoid the circular problem created by trying to "normalize the 

normalizing gene" using a non-validated normalizing gene, a strategy based on 

obtaining non-normalized data and accept them as being accurate was developed. The 

obvious requisite of such a strategy is that the total RNA input quantity and reverse 

transcriptase reactions are truly equal. For this reason, quantification of the samples 

was performed using the nucleotide dye RiboGreen rather than a spectrophotometric 

assessment. Since the reverse transcriptase reaction is tremendously sensitive to 

variations in sait concentration and contamination of the reaction with carry-over from 

previous step in the RNA purification process (i.e. phenol, chloroform etc.) (Freeman 

et al., 1999), ail totalRNA samples were re-purified by a RNA binding column 

followed by washing and elution in order to ensure equal elution conditions of the 
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RNA and thus, equal reverse transcription efficiency. For the same reason, ail RT-

reactions were performed simultaneously using a single master mix. That this very 

stringent procedure indeed yielded samples without technical biases, insofar the 

quantity and quality of the cDNA is concemed, is proven by the very low intra-group 

variation observed in, for instance, HIEC samples and Caco-2/15 (OPC & 2-5 PC) 

samples when probed for RPLPO, GAPD/RPS14 and POLR2A respectively. Thus, it 

is confirmed that the underlying requisite of quality- and quantity-uniform samples is 

fulfilled - see appendix 5 for a graphie example of technical reproducibility and 

biological variance. 

Several different complementary statistical parameters were evaluated in order 

to characterize the expression levels of each of the different potential normalizing 

genes at the distinct differentiation stages of human intestinal epithelial cells 

represented by the different cell models. These combined analyses allow for an 

assessment of trend of expression, internai variation during the differentiation process 

as well as inter- and intra-group variation thus leading to an overall description of the 

stability of expression of individual genes during the differentiation process, and the 

identification of the overall superior gene. POLR2A, MTR and HPRT-1 were rapidly 

discarded due to their high SD value, which could be ascribed to biological variation 

rather than input cDNA variation, since it was not seen for the other genes 

investigated. To exclude the possibility of experimental errors being the cause of the 

high SDs obtained, the PCR-runs ofthese genes were re-run yielding the same results, 

effectively excluding these candidate genes. Ultimately, only RPLPO, B2M and 

RPS 14 were found to overall live up to ail the criteria of the study. Both RPLPO and 
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B2M had slope-values close to zero, but B2M displayed a higher intra-group variation 

of expression in the undifferentiated samples than RPLPO and was discarded because 

of this variation. On the other hand, RPS 14 was scored as the best gene when it came 

to inter- and intragroup stability of expression (using the geNorm and Normfinder 

applets), but was disqualified due to a tendency towards a negative slope value during 

differentiation. This left RPLPO as the overall best normalizing gene for studies 

concerned with differentiation of enterocytes. These analysis were performed across 

two cell lines as well as primary cell extracts of fetal enterocytes. Performing the 

same statistical analyses on a limited data-set comprised of the results obtained using 

only the Caco-2/15 cell line in general resulted in more stable expression. In particular 

ACTB, MANlBl and GAPD were ail expressed at a statistically even level when the 

HIEC cell line and the primary extracts were eliminated from the analyses 

demonstrating lack of stability across cell line/primary extracts. This identification of 

more acceptable normalizing genes for use with the Caco-2/15 cell line is consistent 

with a more homogenous cellular background and further underlines both the 

remarkable stability of RPLPO across all the cell lines tested as well as the necessity to 

carefully validate a chosen normalizing gene within an experimental setting. 

The analyses of the same potential normalizing genes in healthy colonie tissue 

and primary adenocarcinomas led to the identification of B2M as the most stably 

expressed normalizing gene, while ACTB, MTR and MANlBl represent acceptable 

alternatives. This was done using absolute ~Ci-values rather than a crude average in 

order to address the problem of bi-directional changes of gene expression of the same 

magnitude between the paired samples. That such a strategy is both justified and 
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needed is demonstrated by the differential finding of stability of expression of 

POLR2A using the two methods. Insignificant alterations of gene expression of B2M 

(Blanquicett et al., 2002) as a consequence of tumor formation in the human colon 

have previously been reported. The strength of the aforementioned study and the 

herein presented is the use of matched tumors and their corresponding healthy 

resection margins enabling an assessment of ôC. between tumors and healthy tissue, 

rather than an assessment of variation of gene expression in a large sample pool. The 

findings of minor alterations of gene expression of ACTB as a consequence of tumor 

formation are further corroborated by studies in the colon and the kidney (Blanquicett 

et al., 2002; Ferguson et al., 2005). lt therefore appears that B2M and to a less degree 

ACTB, MTR and MANlBl, represent the so far best candidates for a normalizing 

gene for studies related to differences of gene expression between healthy and 

tumorgenic colonie tissue. 

That two different normalizing genes were identified in the two different 

experimental set-ups is not surprising considering the heterogenous nature of the 

cellular background of colonie biopsies compared to the cultures of pure epithelial 

cells used for the studies of differentiation. lndeed, evidence of differences in gene 

expression profiles between primary cancers and the surrounding cancer stroma has 

been documented (Sugiyama et al., 2005). Another possible explanation for the 

identification of two different normalizing genes in the two different experimental 

settings is that the cellular process of differentiation is distinct from adenocarcinomas 

formation. These two explanations address different aspects of the different 

experimental settings (technical, the purity of the samples, and biological). In any 
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case, both the finding of two different optimal nomalizing genes as well as the two 

different explanations of these findings should serve to underscore the importance of 

validating ones normalizing gene for ones experimental setting. 
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V. Conclusion and Perspectives 

The herein presented results demonstrate an upregulation of the a6Af34 integrin in 

adenocarcinomas of the human colon. Of note is the finding that no less than 81 % of 

the investigated primary adenocarcinomas show up regulation of expression of the A 

variant, when compared to their corresponding healthy resection margins. This 

predominance of expression of the A variant in cancers is reminiscent of the 

predominant expression of the A variant in undifferentiated proliferative active 

healthy enterocytes in vitro and in vivo as well as in two different colon cancer cell 

lines. That the shift of a6 splice variant expressed in cancers may be of selective 

advantage for the cancer cells is supported by the finding that the a6AP4 integrin 

activates transcriptional activity from both the P-cateninffCF4 complex and MYC 

significantly more than the a6Bf34 integrin, suggesting a role of a6Af34 in stimulating 

proliferation of intestinal cells in health and cancerous diseases. Experimental 

validation of this hypothesis has been obtained in a colon cancer cell line (data not 

presented) making over expression of the a6A subunit in colon cancer, a cancer 

marker of functional relevance. As such, it would be both interesting, and pertinent, to 

assess the potential for tumor formation and growth of colon cancer cells over-

expressing both variants in nude or SCID mice in order to obtain an in vivo proof of a 

differential impact of the two variants on tumor progression. If indeed the A variant 

would confer a selective advantage to the tumors expressing it, compared to the 

tumors expressing the B variant, it would argue a potential for the A variant as a 

therapeutic target in colon cancer. As such, a6A could be predicted to be a therapeutic 
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target with few, if any, systemic side effects, since the systemic replacement of the 

a6A subunit with the a6B subunit did not lead to a severe phenotype in healthy 

animais (Gimond et al., 1998). A specific targeting of the A variant could be 

envisioned done by siRNA delivered specifically to the tumor milieu - possible by 

rnicrobubble technology in cooperation with site-directed ultra-sound (Pitt et al., 

2004). ln any case, the finding that 81% of the evaluated tumors displayed an elevated 

a6A/a6B ratio compared to their corresponding healthy resection margins rnakes the 

a6A/a6B ratio an interesting diagnostic marker. It does, however, suffer from the 

drawback that it requires prirnary rnaterial to be obtained frorn the patient, suggesting 

that it would never become a single tumor marker, but rather has the potential to be 

part of an overall pathological assessment along with tumor grade and -

differentiation, since it is unlikely that primary material would be obtained without an 

assessment of these features. 

Another interesting question raised by these studies is: which cellular 

mechanism is responsible for the change in variant expression in adenocarcinomas of 

the human colon? Is the change in a6 pre-mRNA splicing a general effect of the 

changes that the cancerous cells undergo during the progression of the disease, or 

does it reflect a clonal advantage of the cancer cells that prirnarily expressed the A 

variant before the onset of the disease? Studies airned at delineating the exact 

molecular mechanisms underlying the control of the alternative splicing of the pre-

rnRNA of the a6 subunit would shed light on these questions. A starting point for 

such studies could be to assess the expression levels of SR and hnRNP proteins at the 

transcript level in both adenocarcinornas and healthy resection rnargins of human 
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colons, as well as during the differentiation process of intestinal epithelial cell models 

(Caco-2/15) to identify any changes correlated with differential expression of the 

integrin a6 subunit splice-variants. 

The finding that the a6AP4 integrin stimulates the P-catenin!TCF4 complex is 

both novel and potential exceedingly relevant for the progression of cancer of the 

colon. It would therefore be pertinent to initiate studies aimed at defining the 

molecular mechanism responsible for this link:. Such studies could be envisioned to be 

initiated by reporter gene assays using the TOPFlash system in a cellular setting of 

a6A over expression in concert with addition of various chemical inhibitors of 

intracellular signalling pathways. The outcome of such studies would give a hint as to 

through which intracellular signaling pathway(s) a6AP4 acts to stimulate the P-

catenin/TCF4 complex, making further "signaling diagnostic" possible. 

Furthermore, the link: between MYC and the expression level of the integrin 

P4 subunit opens several interesting potential avenues of research. The primary 

question regards wheter the link: is directly mediated by MYC stimulating the P4 

promoter? Site-directed mutation of the P4- promoter in concert with EMSAs has the 

potential to delineate this. Secondly, reporter gene assays suffer from the fact that they 

do not put the fragmented promoter into the correct chromosomal context, but only 

work with parts of the promoter positioned on a plasmid. Thus, such assays always 

leave the possibility of "not being representative of the real chromosome" open. One 

way of strengthening the obtained results in relation to the effect of MYC on the P4-

promoter activity, would be to deplete MYC in Caco-2/15 cells by siRNA and 

monitor the expression levels of P4 mRNA. 
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Finally, the studies aimed at identifying and validating better normalizing 

genes for use in experiments aimed at assessing mRNA levels during differentiation 

of enterocytes and in adenocarcinomas of the human colon, has the potential to 

significantly reduce the error margins in the quantification of mRNA levels in these 

experimental set-ups. Furthermore, the outlined experimental procedure for validating 

putative normalizing genes can serve as a paradigm for other researchers aiming at 

validating potential normalizing genes for specific experimental settings or cellular 

systems (Carey, 2006). 
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a6B1 eAspAsnLeu GluLysLysGln TrpileThr LysTrpAsn ArgAsnGluS 

3251 TGATAACCTT GAAAAAAAAC AGTGGATCAC AAAGTGGAAC AGAAATGAAA 

ACTATTGGAA CTTTTTTTTG TCACCTAGTG TTTCACCTTG TCTTTACTTT 

erTyrSer*** ArgGlyPro LysLysLysLys AlaSerGln TyrProAsn 

3301 GCTACTCATA GCGGGGGCCT AAAAAAAAAA AAGCTTCACA GTACCCAAAC 

CGATGAGTAT CGCCCCCGGA TTTTTTTTTT TTCGAAGTGT CATGGGTTTG 

a6B2 eAspAsnLeu GluLysLysGln TrpileThr LysTrpAsn GluAsnGluS 

3251 TGATAACCTT GAAAAAAAAC AGTGGATCAC AAAGTGGAAC GAAAATGAAA 

ACTATTGGAA CTTTTTTTTG TCACCTAGTG TTTCACCTTG CTTTTACTTT 

erTyrSer*** ArgGlyPro LysLysLysLys AlaSerGln TyrProAsn 

3301 GCTACTCATA GCGGGGGCCT AAAAAAAAAA AAGCTTCACA GTACCCAAAC 

CGATGAGTAT CGCCCCCGGA TTTTTTTTTT TTCGAAGTGT CATGGGTTTG 
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Arg 1085/Bl Glu 1085/B2 

D Cloned Ill Published 

Appendix 1. The Arg1085Glu mutation in the a6B2 variants cloned in this study. 
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Tukets Multi~le Com~arison Test Pvalue 
ACTB HIEC vs ACTB SC p > 0.05 
ACTB HIEC vs ACTB OPC p > 0.05 
ACTB HIEC vs ACTB 2-5PC p > 0.05 
ACTB HIEC vs ACTB 10-15 PC p > 0.05 
ACTB HIEC vs ACTB 25-35PC p < 0.05 
ACTB HIEC vs ACTB Matri p < 0.01 
ACTB SC vs ACTB OPC p > 0.05 
ACTB SC vs ACTB 2-5PC p > 0.05 
ACTB SC vs ACTB 10-15 PC p > 0.05 
ACTB SC vs ACTB 25-35PC p > 0.05 
ACTB SC vs ACTB Matri p > 0.05 
ACTB OPC vs ACTB 2-5PC p > 0.05 
ACTB OPC vs ACTB 10-15 PC p > 0.05 
ACTB OPC vs ACTB 25-35PC p > 0.05 
ACTB OPC vs ACTB Matti p > 0.05 
ACTB 2-5PC vs ACTB 10-15 PC p > 0.05 
ACTB 2-5PC vs ACTB 25-35PC p > 0.05 
ACTB 2-5PC vs ACTB Matri P > 0.05 
ACTB 10-15 PC vs ACTB 25-35PC P > 0.05 
ACTB 10-15 PC vs ACTB Matti 
ACTB 25-35PC vs ACTB Matri 

p > 0.05 
p > 0.05 

Appendix 2. Post H. oc testing of statistical significant different levels of expression 
of ACTB. Bold script denotes stages that are significantly different from each other. 
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Tukets Multiele Comearison Test Pvalue 
MAN1B1 HIEC vs MAN1B1 SC p > 0.05 
MAN1B1 HIEC vs MAN1B1 OPC p > 0.05 
MAN1B1 HIEC vs MAN1B1 2-5PC p > 0.05 
MAN1B1 HIEC vs MAN1B110-15PC p > 0.05 
MAN181 HIEC vs MAN1B1 25-35PC p > 0.05 
MAN1B1 HIEC vs MAN1B1 matri p < 0.001 
MAN181 SC vs MAN181 OPC p > 0.05 
MAN181 SC vs MAN181 2-5PC p > 0.05 
MAN181 SC vs MAN1B110-15PC p > 0.05 
MAN181 SC vs MAN1B1 25-35PC p > 0.05 
MAN181 SC vs MAN1B1 matri p > 0.05 
MAN1B1 OPC vs MAN1B1 2-5PC p > 0.05 
MAN181 OPC vs MAN1B110-15PC p > 0.05 
MAN181 OPC vs MAN181 25-35PC p > 0.05 
MAN1B1 OPC vs MAN1B1 matri p < 0.01 
MAN181 2-5PC vs MAN1B110-15PC p > 0.05 
MAN181 2-5PC vs MAN1B1 25-35PC P > 0.05 
MAN1B12-SPC vs MAN1B1 matri P < 0.01 
MAN18110-15PC vs MAN1B125-35PCP>0.05 
MAN1B110-15PC vs MAN1B1 matri P < 0.01 
MAN181 25-35PC vs MAN181 matri P < 0.05 

Appendix 3. Post Hoc testing of statistical significant different levels of expression 
ofMANlBl. Bold script denotes stages that are significantly different from each other. 
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Tuke}'.'s Multif:!le Comf:!arison Test Pvalue 
GAPD HIEC vs GAPD SC p > 0.05 
GAPD HIEC vs GAPD OPC p > 0.05 
GAPD HIEC vs GAPD 2-5PC p > 0.05 
GAPD HIEC vs GAPD 10-15PC p > 0.05 
GAPD HIEC vs GAPD 25-35PC p > 0.05 
GAPD HIEC YS GAPD Matris p < 0.05 
GAPD SC vs GAPD OPC p > 0.05 
GAPD SC vs GAPD 2-5PC p > 0.05 
GAPD SC vs GAPD 10-15PC p > 0.05 
GAPD SC vs GAPD 25-35PC p > 0.05 
GAPD SC vs GAPD Matris p > 0.05 
GAPD OPC vs GAPD 2-5PC p > 0.05 
GAPD OPC vs GAPD 10-15PC p > 0.05 
GAPD OPC vs GAPD 25-35PC p > 0.05 
GAPD OPC vs GAPD Matrls p < 0.01 
GAPD 2-5PC vs GAPD 10-15PC p > 0.05 
GAPD 2-SPC vs GAPD 25-35PC p > 0.05 
GAPD 2-SPC vs GAPD Matrls p < 0.05 
GAPD 10-15PC vs GAPD 25-35PC p > 0.05 
GAPD 10-15PC YS GAPD Matris P< 0.05 
GAPD 25-35PC vs GAPD Matris P< 0.01 

Appendix 4. Post Hoc testing of statistical significant different levels of expression 
of GAPD. Bold script denotes stages that are significantly different from each other. 
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Cr-value 
HPRT-1 RPLPO 

Sample No One 27.20 21.05 
Sarnple No Two 25.35 21.23 
Sample No Three 24.03 21.01 

Appendix 5. Differences in Ct-values obtained using the same samples as targets for 
amplification of different putative normalizing genes. The intersarnple variability 
observed in the RIEC sarnples when probing for HPR T-1 is not seen when probing for 
RPLPO, arguing that the variability is biological of nature rather than technical. 
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Appendix6 

An estimation of the efficiency of a PCR is obtained by including a standard curve 

dilution of input cDNA in any given experiment. The C.-value is inversely 

proportional to the input [cDNA]. By plotting the obtained C.-value against the 

logarithm ofknown input [cDNA] a straight line is generated. It follows that the slope 

of this line is an effect of the efficiency of the reaction. 

The efficiency of the reaction is given by: 

E = 10(-l/slope) (Pfaffi, 2001). 

Thus in the examples displayed below (where the slope-value =-3.334 & -3.162) 

And 

(l) E = 10(-11-3.334) 

E = 1.99 

(2 ) E = 10(-11-3.162) 

E=2.07 

This means that by the end of each thermal cycle the concentration of PCR product 

has risen with a factor of 1.99 and 2.07 respectively. An E-value of 2.00 means a 
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Appendix 6. The amplification plots and standard curves of two different experiments. 
The "A" experiment shown to the left has a near perfect amplification efficiency (99% ), 
while the experiment to the right show an artificial high amplification efficiency (107%) 
due to a single sample (red arrow/circle), that display a drop in amplification efficiency 
and thus flattens the slope of the standard curve. 
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doubling of the PCR product concentration pr. thermal cycle, which is the theoretical 

(and practical) limit of amplification. Convention therefore dictates that an E-value of 

2 is referred to as an efficiency of 100%. Clearly the value obtained in (2) is too high. 

Scrutiny of the underlying data (B 1 and B2) does however reveal the source of the 

over-estimation of the efficiency. One of the duplicate sampi es with the highest 

concentration of input cDNA has a considerably different amplification curve, with a 

marked drop of efficiency and thus a higher C.-value (blue line on B 1 denotes the C.-

value eut-off). The impact on the slope of the standard curve is that the curve is 

flattened by the one sample (red circle on B2), since this one sample is falling outside 

the straight line generated by the rest of the samples. This flattening of the standard 

curve slope (lowering the m-value) leads to an artificial high efficiency. This happens 

because it in effect gives the false impression that the AC.-value (the ordinate) 

between the samples representing the first and second dilutions of the standard curve 

is low. Low ACt = high efficiency. 

The exact similar mechanism occurs when high concentrations of input DNA 

inhibit the PCR in the high concentration sampi es of the standard curve ( example not 

shown). Thus the ACt is lowered, the standard curve slope is flattened and the 

perceived overall efficiency is exaggerated. 
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C clinD, c-MYC, etc 

Appendix 7. A model of B-catenin activation by a6B4. On the left, lack of 
phosphorylation mediated inhibition of GSK-3B allows GSK-3B to phosphorylate B-
catenin and thus targeting it for destruction. On the right, AKT mediated phosphorylation 
of GSK-3B prevents its inhibition of B-catenin, leading to the translocation of B-catenin to 
the nucleus. Note that Wnt-initiated inhibition of GSK-3B is omitted for simplicity. 
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