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Summary  
 

Kolorektal cancer (KRC, cancer i tjock- och ändtarm) är den tredje vanligaste 

cancerformen i Sverige och ungefär 40 % av de som fått diagnosen kommer att dö på 

grund av sjukdomen. 75 % av tumörerna räknas som sporadiska och dessa kan delas 

in i olika undergrupper med avseende på olika molekylära egenskaper hos 

tumörerna. En sådan indelning är CIMP (CpG island methylator phenotype), vilken 

delar in tumörerna efter antalet metylerade gener (CIMP-negativa (ingen metylerad 

gen), CIMP-low (några metylerade gener) och CIMP-high (flera metylerade gener)). 

Celler i tumörens mikromiljö påverkar hur tumören växer och sprider sig och en av 

dessa celler är fibroblasten, vilken är en bindvävscell som producerar det som bygger 

upp substansen mellan cellerna, det så kallade extracellulära matrixet (ECM). 

    Syftet med detta projekt är att undersöka om de olika undergrupperna av KRC 

påverkar fibroblasterna i sin mikromiljö på olika sätt. Detta för att först se om olika 

tumör-fibroblast interaktioner resulterar i specifika markörer i cellerna eller 

omgivande ECM. Sedan för att se om de olika CIMP-grupperna i sig påverkar hur 

mikromiljön ser ut och om detta i sin tur påverkar cancercellernas invasiva förmåga.  

CIMP-negativa tumörer visade sig ha ett ökat uttryck av fibronectin, vilket är ett 

protein som ingår i ECM och som gör att celler kan binda till matrixet. CIMP-high 

tumörer däremot har ett minskat uttryck av E-cadherin, en molekyl som bidrar till 

att epitelceller kan binda till varandra. 

    För att studera tumörcellernas påverkan på fibroblaster och ECM stimulerade vi 

fibroblaster med medium från de olika tumörcellerna och lät fibroblasterna 

producera matrix. Vi såg att CIMP-grupperna påverkar kompositionen av 

fibroblasternas matrix på olika sätt. CIMP-negativa och CIMP-high tumörer 

inducerar ett mer strukturerat matrix där ECM-fibrerna ligger i samma riktning, 

jämfört med CIMP-low tumörer. När CIMP-high tumörceller får vandra på olika 

matrix verkar de röra sig i samma riktning på matrix som har stimulerats med 

medium från CIMP-negativa eller CIMP-high tumörceller.  

    Våra resultat tyder på att uttrycket av vissa markörer i celler och ECM skiljer sig 

mellan de olika undergrupperna av KRC. Ökat uttryck av fibronectin kan associeras 

med CIMP-negativa tumörer medan minskat uttryck av E-cadherin betyder att 

tumören med större sannolikhet är CIMP-high. Både CIMP-negativa och CIMP-high 

tumörer inducerar ett strukturerat matrix med parallella ECM-fibrer som CIMP-high 



cancerceller verkar föredra att vandra på. Detta resultat tyder på att CIMP-negativa 

och CIMP-high tumörer kan påverka i vilken riktning cancerceller ska migrera och 

därmed kanske även kan inducera en invasiv tumör.       

 

 

Abstract 

 

The tumor microenvironment is important for tumor growth and progression, where 

the cancer associated fibroblast (CAF) is one central cell type. The CpG island 

methylator phenotype (CIMP) divides colorectal cancer (CRC) into three subgroups 

and in this study we investigate how the different CIMP-groups and adjacent 

fibroblasts affect each other. This was done with the aim of finding CIMP-specific 

markers and to see if different tumor-fibroblast interactions result in differently 

invasive tumors. 

    Here we report that CIMP-negative tumors have increased expression of 

fibronectin, while CIMP-high tumors have reduced expression of E-cadherin, 

findings that were seen in both tumor tissue samples and tumor cell lines. We also 

show that CIMP-negative and CIMP-high cancer cells induce an alignment of the 

fibronectin fibers produced by the fibroblasts and that CIMP-high cancer cells 

migrate with directionality on these matrices.  

    These findings indicate that the different tumor subgroups in fact induce different 

phenotypes in CAFs, resulting in CIMP-specific markers. They also indicate that 

CIMP-negative and CIMP-high tumors may induce an alignment of fibronectin in 

order to promote cancer cell migration and thereby also tumor invasion    

    

 

 

 

 

 

 

 

 

 



Introduction 

 

Colorectal cancer (CRC) is one of the most commonly diagnosed malignancies in the 

world and is more frequently occurring in developed countries compared to the 

developing world. It is also a cancer with very high mortality, the course of the 

disease results in death in about one of two CRC patients (Parkin et al., 2005).  

    About 75% of all CRC cases are diagnosed as sporadic. Molecular features of these 

sporadic tumors have been studied and one described feature is frequent promoter 

hypermethylation, called the CpG Island Methylator Phenotype (CIMP) (Toyota et 

al., 1999). By the CIMP definition, CRC can be divided into three different subgroups, 

CIMP-negative, CIMP-low and CIMP-high (Kambara et al., 2004; Ogino et al., 2006; 

Shen et al., 2007). The patient prognosis differs depending on tumor subgroup, 

where promoter hypermethylation is associated with a poor prognosis (Dahlin et al., 

2010).  A greater understanding about the biological differences between the CIMP 

groups is needed in order to be able to utilize the knowledge with the intention of 

establishing personalized therapy. 

    It is well known that the cells in the tumor microenvironment affect the tumor 

growth. These non-malignant stromal cells support the tumor by modulating the 

differentiation and proliferation of surrounding cells, for example by secreting 

factors like proteases and cytokines (Li et al., 2007; Ostman and Augsten, 2009). 

This will create an environment where the tumor can grow and invade and at the end 

also metastasize.    

    One of the most important stromal cell types when discussing cancer progression 

is the fibroblast (Elenbaas and Weinberg, 2001). The interactions between malignant 

cells and cancer-associated fibroblasts (CAFs) contribute to tumor initiation and 

progression (Liu et al., 2011; Mueller and Fusenig, 2004). CAFs are referred to as 

activated fibroblasts while the “normal” fibroblasts are called resting fibroblasts. 

CAFs and resting fibroblasts differ both in their morphology, their expression of 

genes and their production and secretion of factors (Kalluri and Zeisberg, 2006). It 

has been shown that CAFs are producing proinvasive signals and thereby generating 

a more invasive and aggressive tumor (Liang et al., 2005; Nakayama et al., 1998). In 

CRC it has been suggested that CAFs stimulate invasion by providing proinvasive 

activity through RhoA and Rac (De Wever et al., 2004). In colorectal tumors, CAFs 

are seen in high amounts at the invasive front. They can be distinguished from 



normal fibroblasts by their expression of fibroblast activation protein (FAP) (Scanlan 

et al., 1994), which is seen in both CRC and other types of epithelial cancer (Garin-

Chesa et al., 1990). A high level of FAP in the colon tumor stroma has been correlated 

with a more aggressive progression of the tumor and for patients with advanced 

metastatic CRC it is a negative prognostic marker (Henry et al., 2007).  

    The interplay between tumor and adjacent fibroblasts has recently been more 

closely studied. In CRC it has been shown that the tumor cells are able to activate 

fibroblasts that stimulate migration of tumor cells by their increased expression of 

fibroblast growth factor 1 (FGF1) (Henriksson et al., 2011). Although it is known and 

accepted that the interactions between fibroblasts and tumor cells can affect the 

tumor progression by creating a more invasive cancer, the correlation of this 

knowledge to the CIMP subgroups of CRC has almost not been discussed. By 

assuming that each CIMP-group affects the fibroblasts differently, the signals 

between fibroblasts and tumor cells should vary depending on tumor subgroup. With 

this hypothesis, each CIMP-group would induce different phenotypes in CAFs that 

should be able to be distinguished by specific markers. FAP is expressed whenever 

cells of the colorectal tissue undergo malignant transformation (Henriksson et al., 

2011) and for that reason it does not seems like the expression can be correlated to 

the CIMP-group of the tumor. Therefore, markers that is specific for each CIMP-

group needs to be identified in tumor tissue.  

    For a tumor to become invasive the composition of the extracellular matrix (ECM) 

is of importance. In human pancreatic cancer it has been indicated that CAFs locally 

modulate stromal  ECM, producing directional paths of fibronectin for tumor 

invasion (Lee et al., 2011). If this is true for CRC as well is today not known. The 

knowledge of how each CRC tumor subgroup induces CAFs to modulate the stromal 

compartments might explain why some tumors are more aggressive than others.  

Overall, little is known about what regulates the invasion of CRC.   

    In the present study, we have investigated if the expression of ECM and adhesion 

molecules is different depending on tumor CIMP-group. We have also examined the 

arrangement of matrices induced by the different CIMP-groups and how these 

influence the migration of CIMP-high tumor cells.   

 

 

 



Materials and methods 

 

Patient samples 

In the present study, twelve archival CRC tissue samples from the Colorectal Cancer 

in Umeå study (CRUMS) were included. CRUMS consists of samples of primary CRC 

collected during tumor-resective surgery between the years 1995-2003 at Umeå 

University Hospital, Sweden (Dahlin et al., 2010). The included CRC cases were 

selected so that each CIMP group would be represented by an equal number of 

samples; CIMP-negative (KRas wt, BRaf wt, microsatellite stable (MSS)), CIMP-low 

(KRas mutated, BRaf wt, MSS) and CIMP-high (KRas wt, BRaf mutated, 

microsatellite instable (MSI)). The study was approved by the local ethical committee 

of Umeå University, Umeå, Sweden. 

 

ECM and adhesion molecules PCR array 

A Human Extracellular Matrix and Adhesion Molecules RT2 profiler PCR array 

(QIAGEN) was employed to screen for genes that are up- or down-regulated in each 

CIMP-group. One formalin fixed and paraffin- embedded CRC patient sample from 

each CIMP-group was chosen and total RNA was isolated from the samples using the 

High pure RNA paraffin kit (Roche). The manufacturer´s instructions were followed 

for the PCR array set up and all steps were performed according to the 

manufacturer´s protocol. The PCR array plates were run in Taqman 7900HT 

(Applied Biosystems) and the data was analyzed for gene up- and down-regulation by 

utilizing the RT² Profiler PCR Array Data Analysis Template v3.3, provided by the 

manufacturer, which converts Ct-values to fold change. 

 

Cell culture and conditioned medium 

In the present study, fibroblasts from normal colon (CCD-18Co) and three different 

colon cancer cell lines (RKO, SW480 and Caco2) (ATCC) were used. All of them were 

grown in Dulbecco's modified Eagle's medium (DMEM) (Invitrogen) with glutamax 

supplemented with 10% fetal bovine serum (FBS) (Invitrogen) and maintained at 

37°C and 5%CO2. The tumor cell lines were chosen to represent each CIMP group, 

Caco2 represents CIMP-negative, SW480 CIMP-low and RKO CIMP-high, by the 

same parameters as the patient samples.  



    Conditioned medium from tumor cells was produced as followed: cells were 

washed twice with PBS before adding fresh medium and after 48 hours of incubation 

the conditioned medium was collected and frozen at -80°C. Conditioned medium 

from resting fibroblasts (FCM) and conditioned medium from activated fibroblasts 

(FCM-a) were produced by firstly either stimulate the fibroblasts with 10 ng/ml 

TGFβ1 (R&D Systems) (FCM-a) or not (FCM) for three days, where medium and 

TGFβ1 were changed every day. Then the two conditioned mediums were produced 

and collected as previously described.      

 

Gene expression in tumor cells and fibroblasts 

Tumor cells were stimulated with FCM or FCM-a for 24 hours, culture medium was 

used as control. Fibroblasts were either stimulated with conditioned medium from 

the three tumor cell lines or TGFβ1 (10 ng/ml) (positive control) or left in normal 

culture medium with 10% FBS (negative control) for 72 hours. The expression levels 

of different genes in tumor cells and fibroblasts were investigated using RT-PCR.  

     

Real-Time Polymerase Chain Reaction (RT-PCR) 

For tumor cells and fibroblasts, total RNA was isolated from cells with the 

NucleoSpin RNA II kit (Macherey-Nagel), and cDNA was synthesized using the 

SuperScript II Reverse Transcriptase (Invitrogen). Regarding the paraffin-embedded 

tissues, total RNA was isolated with the High Pure RNA Paraffin Kit (Roche) and 

then converted into cDNA using the SuperScript VILO cDNA Synthesis Kit 

(Invitrogen). All steps were performed according to the manufacturers’ protocols. 

The amount of extracted RNA was measured using Nanodrop (ND-1000).  

    All primers used in this study were obtained from DNA technology A/S and their 

sequences are listed in Table 1. Each RT-PCR reaction mixture had a volume of 20 µl 

and contained cDNA (tumor cells: 25 ng; fibroblasts: 12,5 ng; tumor tissue: 50 ng), 

1X SYBR Green PCR Master Mix (Applied Biosystems) and 300nM of each primer. 

The RT-PCR-reactions were performed on Taqman 7900HT (Applied Biosystems) 

and following cycling parameters were used: 50°C for 2 min and then an initial 

denaturation at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 

60 s. In every experiment the gene expressions were normalized to the housekeeping 

gene GAPDH. Each sample was run in triplicates and each experiment was repeated 



three times. The actual expression level in each sample was calculated using the Ct-

values (2^(Ctcontrol-Ctsample)).   

 

Immunohistochemistry 

Specimens were fixed in 4% formaldehyde and embedded in paraffin, according to 

routine procedures at the Department of Clinical Pathology, Umeå University 

Hospital, Sweden. Sections of 4-µm were deparaffinised and rehydrated. Anti-E-

cadherin (1:100, Santa Cruz) antibody were used in a semiautomatic staning machine 

(Bench Mark Ultra, Ventana Inc), and visualized by iVIEW DAB Detection kit 

(Ventana Inc). For evaluation, slides were reviewed under light microscopy. E-

cadherin staining was evaluated in cancer cells as negative (0), weak (1) or strong (2) 

staining. Occasional stromal staining was not analyzed. The slides were 

counterstained with hematoxylin. 

 

Immunofluorescence 

CCD-18Co fibroblasts were cultured on glass coverslips in conditioned media from 

the different tumor cell lines. As controls, culture medium from cells stimulated with 

or without TGFβ1 (10 ng/ml) were used. 50 µg/ml L-ascorbic acid salt (Sigma-

Aldrich) was added to each well and the fibroblasts were grown for 6 days in order to 

produce matrix, where all reagents were changed every other day. Tumor cells were 

seeded on top of the fibroblasts on the first day of stimulation.   

    All subsequent steps were performed at room temperature. The cells were fixated 

(4% formaldehyde) for 10 minutes before washed in PBS containing 0.1M glycine for 

additional 5 minutes. Permeabilization and block was carried out for 20 minutes in 

PBS containing 2% BSA and 0.4% TritonX-100 and then the cells were washed in 

PBS containing 0.2% BSA and 0.2% TritonX-100 (wash buffer) for 3x5 minutes. 

Fibronectin primary antibody (AbCam) (diluted 1:100 in PBS containing 0.1% 

TritonX-100) and Collagen 1 primary antibody (GeneTex) (diluted 1:1000) were 

added to the coverslips and incubated for 1 hour followed by wash in wash buffer for 

5x5 minutes. The cells were then incubated with secondary antibodies (Invitrogen) 

(diluted 1:400) and DAPI for 1 hour in the dark followed by additional washes. The 

coverslips were mounted on glass slides with Vectashield mounting medium (Vector 

Laboratories) before the cells were visualized using a Nikon D-Eclipse C1 confocal 

microscope (Nikon) at 10x objective magnification. 



 

Proliferation assay 

Cell proliferation kit II (XTT) (Roche) was used to analyze how activated fibroblasts 

influence the cancer cell proliferation according to the manufacturer´s instructions. 

In brief, tumor cells were cultured in a flat 96-well plate and stimulated with 100 µl 

culture media with 10% FBS (positive control), FCM or FCM-a for 72 hours. Cells 

were also starved by adding DMEM with only 1% FBS (negative control). Then 50 µl 

XTT labeling mixture was added to each well and after 6 hours of incubation at 37°C 

the absorbance was measured with an ELISA reader at a wavelength of 490 nm. 

Duplicates of each sample were done and the experiment was repeated five times.  

 

Migration assay 

To investigate if activated fibroblasts affect the migration of cancer cells, Boyden 

chamber experiments were executed. 50,000 RKO cells or 100,000 Caco2 cells or 

SW480 cells were seeded in 24-well cell culture insert (8µm pore size) (Falcon) in 

culture media with 10% FBS. After 2 hours, when the cells had adhered, the inserts 

were emptied and transferred to wells containing either FCM, FCM-a or culture 

media with 10% FBS (positive control) or starvation media (DMEM without FBS) 

(negative control). Starvation media was added inside the inserts before 20 hours of 

incubation. The inserts were washed in PBS before the cells were fixated for 1 minute 

in ice-cold methanol and washed one more time in PBS. A cotton swab was used to 

get rid of cells on the inside of the insert before staining the cells on the outside with 

Coomassie blue (Bio-Rad Laboratories). The filter was washed several times in PBS 

and then migrated cells were counted under a microscope, where three fields at 10x 

were chosen randomly. The experiment was repeated five times. 

 

Live cell migration 

Matrices were produced in Lab-Tek 8 well chambered coverglass (Nunc) the same 

way as previously described. 100.000 RKO cells were seeded on top of the fibroblasts 

in each well 6 hours before the experiment started. Live cell migration was 

performed using a Zeiss LSM710 inverted confocal microscope. As control, RKO cells 

were seeded in a matrix-free well. Images were captured every 10 minutes for 15 

hours.  

 



Results  

 

The PCR-array reveals differences in the expression of ECM and 

adhesion molecules between the CIMP-subgroups 

CRC tumors can be divided into three subgroups by utilizing their CIMP-status; 

CIMP-negative, CIMP-low and CIMP-high. Since it is seen that patient prognosis 

differs depending on tumor-subgroup (Dahlin et al., 2010), it is of great interest to 

find CIMP-specific markers. In order to screen for genes specifically up- or down-

regulated in a specific CIMP-group, a human ECM and Adhesion Molecules PCR 

array was employed. The PCR array plate contains gene-specific primers for 84 

different genes important for cell interactions, both to other cells and to ECM 

molecules. One CRC patient tumor tissue from each CIMP-group was chosen for the 

screening. Out of the 84 different genes, seven of them were of interest after 

analyzing gene up- and down-regulation (Table 2). Collagen 1, tenascin C and 

thrombospondin 1 had the highest expression in CIMP-high, MMP (matrix 

metallopeptidase) 11 was highly expressed in CIMP-low and MMP3 in CIMP-

negative. E-cadherin was down-regulated in CIMP-high compared to the other 

groups and fibronectin was down-regulated in CIMP-low. 

 

Collagen 1, E-cadherin and fibronectin are possible CIMP-group specific 

markers   

To confirm if the findings from the PCR-array are representatives of their respective 

CIMP-group, three more CRC samples from each CIMP-group were added to the 

study. The gene expression of the seven markers (Table 2) was investigated in all 

twelve CRC samples by RT-PCR. The mean expressions of the four samples in each 

group (Figure 1) confirms that collagen 1 has the highest expression in CIMP-high 

and the lowest in CIMP-low and that E-cadherin is down-regulated in CIMP-high. 

The expressions of fibronectin, MMP3, MMP11, tenascin C and thrombospondin 1 

did not correlate with the results from the PCR array. The expression of MMP3, 

MMP11, tenascin C and thrombospondin 1 did also range a lot between the four 

samples in the same group (data not shown), and therefore they were all excluded 

from the study. However, fibronectin was chosen to be further investigated since it 

seems like its expression is up-regulated in CIMP-negative compared to the other 

two groups (Figure 1). Together these results indicates that up-regulation of 



fibronectin can be a marker for CIMP-negative, that down-regulation of Collagen 1 

can be a feature of CIMP-low and that down-regulation of E-cadherin may be most 

prominent in CIMP-high tumors.  Hereafter we continue with studying only these 

three markers.          

 

Loss of E-cadherin is seen in CIMP-high tumors 

In order to further verify if loss of E-cadherin can be a possible feature of CIMP-high, 

immunohistochemistry was performed on 17 sections obtained from formalin fixed, 

paraffin-embedded samples of CRC. The expression of E-cadherin was evaluated as 

negative, weak or strong (Figure 2). As shown in Table 3, no sample had a negative 

staining. All CIMP-high samples had weak staining of E-cadherin, whereas about half 

of the CIMP-low samples had strong staining and the majority of the CIMP-negative 

samples had strong staining. This clearly indicates that CIMP-high tumors have less 

expression of E-cadherin than the other two groups. Unfortunately, 

immunohistochemical staining for collagen 1 and fibronectin were both unsuccessful, 

and therefore they could not be evaluated. 

 

Fibroblasts induce CIMP-negative tumor cells to produce more 

fibronectin and CIMP-high tumor cells to down-regulate E-cadherin 

Till now, we have only studied expression of the possible markers in tumor tissue, 

containing both tumor cells and stromal compartments. To be able to determine cell 

type specific protein expression we studied tumor cells and fibroblasts separately. 

We also analyzed if these two cell types affect the others expression of ECM 

molecules. For this, three different CRC tumor cell lines, representing each CIMP-

group, and fibroblasts from normal colon were used.  Tumor cells were grown in 

normal cell culture medium, conditioned medium from resting fibroblasts (FCM) or 

conditioned medium from fibroblasts activated by TGF-β1( FCM-a) for 24 hours 

before analyzed. Fibroblasts were stimulated for 3 days with normal cell culture 

medium, medium with added TGF-β1 or conditioned medium from tumor cells 

(representing each CIMP-group). Gene expressions of fibronectin, collagen 1 and E-

cadherin in the tumor cells and fibroblasts were analyzed using RT-PCR.  

    The expression of fibronectin was clearly higher in CIMP-negative tumor cells than 

in CIMP-low or CIMP-high, which had very low expression or no expression at all 

(Figure 3A), verifying previous results. By studying the fibroblasts, we could see that 



they had high expression of fibronectin (Figure 3A), which is expected, explaining 

why all tumor tissue samples contained fibronectin (Figure 1). Interestingly, CIMP-

negative tumor cells got higher expression of fibronectin when stimulated with FCM 

or FCM-a, indicating that fibroblasts induce CIMP-negative tumor cells to produce 

more fibronectin. The other two groups were unaffected. Fibroblasts activated by 

tumor cells did not show any change in expression.  

    When studying collagen 1 we found that all tumor cells had very low expression 

(Figure 3B).  Fibroblasts activated by tumors showed all a small decrease in Collagen 

1 expression (Figure 3B). The previous finding that CIMP-low tumors may have 

reduced expression of collagen 1 was not verified by this experiment. 

    E-cadherin expression was not seen at all in CIMP-high tumor cells and as 

expected not in fibroblasts (Figure 3C). These results confirm the down regulation of 

E-cadherin in CIMP-high tumors. 

 

Fibroblasts affect both the proliferation and migration of tumor cells 

To study if fibroblasts affect the tumor cell motility, tumor cells were seeded in cell 

culture inserts and allowed to migrate toward starvation medium, normal cell culture 

medium, FCM or FCM-a. CIMP-low tumor cells were more likely to migrate towards 

both FCM and FCM-a than towards normal cell culture medium. Resting fibroblasts 

increased the migration of CIMP-low and CIMP-high compared to normal cell 

culture medium, while activated fibroblasts decreased the migration (data not 

shown).  

    In order to investigate if the tumor cell proliferation is altered due to fibroblasts, a 

proliferation assay was performed. Tumor cells were either starved or stimulated 

with normal cell culture medium, FCM or FCM-a. The effects on proliferation were 

the same regardless of tumor CIMP-group. Both resting and activated fibroblasts 

reduced the proliferation compared to normal cell culture medium. The reduction 

was greatest when stimulated with conditioned medium from activated fibroblasts 

(data not shown). 

 

The composition and structure of the ECM is altered due to tumor 

subgroup 

We have shown that fibroblasts and tumor cells affect each other, suggesting that 

ECM produced by fibroblasts should look different depending on which tumor 



subgroup that activate the fibroblasts. To study this, we produced ECM from 

fibroblasts that were either resting, activated by TGF- β1 or tumor activated. The 

assembly and expression of fibronectin and collagen 1 were analyzed by 

immunofluorescence. We found that all tumor subgroups cause a decrease in the 

fibroblasts collagen 1 production compared to fibroblasts stimulated with or without 

TGF-β1 (Figure 4), which correlates with previous results. The fibronectin 

production was induced by CIMP-negative tumor cells compared to the other 

subgroups (Figure 4 C, D, E), correlating with all previous results. A difference in the 

arrangement of fibronectin could also be seen between the subgroups. CIMP-

negative cells promoted production of aligned fibronectin fibers resulting in an 

apparent fibronectin network (Figure 4C), while CIMP-high and CIMP-low promoted 

less arrangement. 

    Since these ECMs were produced by only stimulating with tumor cell conditioned 

medium, we wanted to study if the contact between tumor cell and fibroblast will 

change the arrangement of the ECM. For this, tumor cells were cultured together 

with the fibroblasts during matrix formation. We found that CIMP-low tumor cells 

induced a down regulation of fibronectin when cultured together with fibroblasts and 

in its own conditioned medium. Fibronectin expression was not seen at all at 

locations were CIMP-low tumor cells had aggregated (Figure 5F), a feature not seen 

in the control samples (Figure 5 D, E). CIMP-high tumor cells seem to induce an 

alignment of fibronectin fibers when grown in its own conditioned medium 

compared to the controls (Figure 5 G, H, I). Comparing the matrices produced by 

stimulating with tumor cells and their own conditioned medium, CIMP-negative 

tumor cells induced the greatest production of fibronectin (Figure 5 C, F, I). As also 

seen in Figure 4, the Collagen 1 expression was reduced in all samples when 

stimulating with tumor conditioned medium (Figure 5 C, F, I).       

 

CIMP-high tumor cells migrate with directionality on matrices produced 

during stimulation of CIMP-high or CIMP-negative 

To study if the arrangement of the ECM itself can promote migration of tumor cells, 

live cell migration was performed. ECM was produced the same way as previously 

described and CIMP-high tumor cells were seeded on top of the matrices before live 

cell migration was performed. Pictures were captured every 10 minutes for 15 hours 

to follow the cell migration. CIMP-high tumor cells seeded on top of matrices 



produced by CIMP-negative or CIMP-high activated fibroblasts seemed to migrate 

with more directionality than CIMP-high tumor cells on top of matrices produced by 

fibroblasts that are resting or activated by CIMP-low or TGF- β1 (Figure 6).      

 

 

Discussion 

 

In this study we have shown that increased expression of fibronectin seems to be a 

feature of CIMP-negative tumors and that reduced expression of E-cadherin is more 

common in CIMP-high tumors. We also show that the composition and alignment of 

ECM is changed due to tumor CIMP-group, where CIMP-negative and CIMP-high 

tumors might promote cell migration. 

        First we show, in both tumor tissue samples and tumor cell lines, that CIMP-

negative tumors express more fibronectin than the other subgroups. Fibronectin is 

expressed in several different cell types and plays a major role in many important cell 

processes such as cell adhesion, migration, growth and differentiation (Pankov and 

Yamada, 2002). Previous studies have shown that increased fibronectin expression 

stimulate tumor cell growth in several types of human cancer (Hu et al., 2004; Zheng 

et al., 2007). Interestingly, fibroblasts induced the fibronectin expression in CIMP-

negative tumor cells, but not in the other subgroups. This indicates that the interplay 

between a specific colorectal subgroup and its adjacent fibroblasts can result in a 

specific gene expression profile in the cells. Previous studies have shown that 

fibroblasts can affect the expression in cancer cells. In colon cancer it has been 

suggested that fibroblasts may regulate the balance between the activities of RhoA 

and Rac in colon cancer cells and thereby stimulate invasion (De Wever et al., 2004). 

In gastric cancer, data has suggested that fibroblasts increase the expression of 

vimentin in the cancer cells, which contributes to an aggressive phenotype of cancer 

cells (Fuyuhiro et al., 2012).     

    We further show that the expression of E-cadherin is reduced in CIMP-high tumor 

tissue as well as in CIMP-high tumor cell lines. E-cadherin is an important cell-cell 

adhesion molecule and therefore often involved in the development and progression 

of the tumor (Jeanes et al., 2008). Down-regulation of E-cadherin has been reported 

in several epithelial tumors, amongst them CRC (Hiscox and Jiang, 1997), and its 

abrogation has been correlated with poor prognosis or tumor progression in 



numerous cancers (Bailey et al., 1998; Hirata et al., 2006). We evaluated the E-

cadherin expression in tumor tissue samples by immunohistochemistry in order to 

clarify that the reduced mRNA-levels in CIMP-high tumors actually correspond to a 

decreased protein expression. The majority of CIMP-negative samples had strong E-

cadherin staining, indicating that the reduction seen in CIMP-high tumors might be 

associated with their high grade of promoter methylation. Because E-cadherin is 

down-regulated in CIMP-high tumors, we suggest that its abrogation is a marker for 

a higher probability of CIMP-high tumor. 

    E-cadherin and fibronectin are both associated with epithelial-mesenchymal 

transition (EMT), a process that facilitates cell motility and invasion (Cervantes-

Arias et al., 2012). Since E-cadherin is a cell adhesion molecule expressed by 

epithelial cells, repression of E-cadherin is one crucial step of EMT. Knockdown of E-

cadherin has been shown to induce EMT in CRC tumor cells (Chen et al., 2012). 

Fibronectin is on the other hand a mesenchymal marker whose expression is 

activated during EMT. Increased expression of fibronectin and its association to 

EMT and increased cancer cell migration has been shown in both CRC (Wei et al., 

2011) and other epithelial cancer (Jia et al., 2010; Meng et al., 2009). Our findings in 

this study indicate that both CIMP-negative and CIMP-high tumors are more likely 

to undergo EMT and are thereby more likely to migrate. 

    The proliferation in tumor cells is reduced when grown in conditioned medium 

from fibroblasts. This is in line with the finding that tumor cells stop proliferating at 

the invasive front of the tumor (Palmqvist et al., 2000). It is easy to believe that 

tumor cells at the invasive front instead have a greater migratory capacity. This is 

seen in CIMP-negative tumor cells since they increase their migration towards 

medium from activated fibroblasts. Surprisingly, activated fibroblasts induce 

morphological changes in CIMP-high tumor cells, inducing cell-cell aggregates (data 

not shown). This aggregation is E-cadherin-independent, but needs further 

investigation. The aggregation might explain why the CIMP-high tumor cells migrate 

less toward FCM-a.  

    We next focused on how the composition of the ECM is changed by different tumor 

subgroups and if it may promote tumor cell migration. We found that both CIMP-

negative and CIMP-high tumor cells induce an alignment of fibronectin fibers 

produced by the fibroblasts. When studying the live cell migration of CIMP-high 

tumor cells on different matrices, we could see that the cancer cells migrated with 



increased directionality on matrices stimulated with CIMP-negative or CIMP-high 

cancer cells, compared to CIMP-low matrix and controls. This parallel orientation of 

fibronectin fibers has previously been seen in both human pancreatic cancer (Lee et 

al., 2011) and breast cancer (Yang et al., 2011). In these studies they also show that 

the altered structure of fibronectin promotes directional migration of tumor cells. 

This indicates that the CIMP-high tumor cells migrate in the same direction as the 

fibronectin fibers are aligned. If this is true, the ECM-fiber alignment might not only 

promote cancer cell invasion but also metastasis, by leading the cancer cells towards 

sites of intravasation (Condeelis and Segall, 2003). Our results suggest that CIMP-

negative and CIMP-high tumors induce an alignment of the ECM in order to promote 

cancer cell migration. However, the live cell experiment is performed only once and 

needs to be repeated before any further conclusions can be drawn. 

    In this project, formalin fixed paraffin-embedded human CRC tissue samples have 

been used when investigating possible CIMP-specific markers. These samples 

contain partially degraded RNA. Even though the chosen RNA-array allows these 

poor-quality samples, it might be better to use fresh frozen tissue. The ECM and 

adhesion molecules PCR array was chosen as a favorable screening method since it is 

easily performed and gives results fast. It also allows expression analysis of a focused 

gene panel, which is good if you are not interested of studying the expression of the 

whole genome. However, the advantage of performing a whole genome expression 

analysis is that it allows you to discover possible interaction pathways that you might 

miss when only studying selected genes. 

    Whole tumor tissue samples, as used in this study, contain both tumor cells and 

stromal cells, being beneficial since it reflects the reality. However, tumor tissue 

samples contain different proportions of stromal and epithelial compartments, 

making it difficult to estimate the actual expression level and impossible to identify 

the expressing cells. If the proportion of fibroblasts is very low in one tumor sample, 

their gene expression will be diminished by the large proportion of tumor cells even 

though each fibroblast has high expression of the specific gene. One way to avoid this 

problem is to use laser microdissection, where only the stromal cells in the tumor 

tissue samples can be chosen for investigation.  

    The ECMs produced by tumor activated fibroblasts were in this study investigated 

by immunofluorescence and live cell migraton. The advantage of 

immunofluorescence is that it allows us to actually see how the matices are 



organized, but it is a challenging method since the matices easily detaches from the 

glass. An alternative method to use is Western blot analysis, where the protein 

amount in the matrices can be analyzed, but it does not give information about the 

structures. Regarding the live cell migration, removing the fibroblasts before seeding 

the tumor cells on top of the matrices would make it easier to distinguish a tumor cell 

from a fibroblast. Unfortunately, the fibroblasts can seldom be lysed without 

complications, so the method needs to be improved.  

    This project contributes to increase the knowledge about how interplays between 

fibroblasts and different tumor subgroups influence the cancer invasiveness. The 

knowledge of why CRC tumors invade differently would open up to further 

investigations with the aim of introducing personalized therapies to CRC patients. 

For the best outcome, a tumor that is more likely to invade and give rise to 

metastases may not be treated the same way as a tumor that just grows on its 

primary location. In this study we have shown that it is possible to find CIMP-

specific markers, but a larger patient cohort needs to be analyzed.   

    In conclusion, we suggest that increased expression of fibronectin is a feature of 

CIMP-negative tumors, while decreased expression of E-cadherin is more common 

in CIMP-high tumors. We also suggest that both CIMP-negative and CIMP-high 

tumors induce a parallel orientation of ECM-fibers that might induce directional 

cancer cell migration. 
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Figure legends 

 

Figure 1. Collagen 1, E-cadherin and fibronectin are specifically up- or down-

regulated in their respective CIMP-group 

Four paraffin embedded tissue samples from each CIMP-group were chosen for RT-

PCR analysis for the seven different ECM and adhesion molecules shown in the 

figure. Data represent the mean expression of the four samples in each CIMP-group 

and the expression of CIMP-negative was set as 1. 

MMP, matrix metallopeptidase. 

 

Figure 2. Immunohistochemical staining of E-cadherin in CRC  

Representative example of the different E-cadherin scores: Weak (A) and strong (B) 

staining.  

 

Figure 3. The expression of fibronectin, collagen 1 and E-cadherin in tumor cells 

and fibroblasts 

Tumor cells were incubated for 24 hours in normal culture medium, conditioned 

medium from resting fibroblasts (FCM) or conditioned medium from fibroblasts 

activated by TGF-β1 ( FCM-a) before harvested and analyzed by RT-PCR for 

fibronectin (A, left panel), collagen 1 (B, left panel) and E-cadherin (C, left panel). 

Fibroblasts were stimulated for 72 hours with normal cell culture medium, 

conditioned medium from cancer cells (CIMP-negative, CIMP-low or CIMP-high) or 

with medium supplemented with TGF -β1 (10 ng/ml). RT-PCR analysis for 

fibronectin (A, right panel), collagen 1 (B, right panel) and E-cadherin (C, right 

panel) was performed. Each column is mean calculated from three independent 

experiments. 

 

Figure 4. Matrix production influenced by the different CRC CIMP-groups  

Matrices produced by fibroblasts cultured with normal culture medium (A),  culture 

medium with added TGF-β1 (10 ng/ml) (B), CIMP-negative conditioned medium (C), 

CIMP-low conditioned medium (D) or CIMP-high conditioned medium (E). 

Fibronectin in green, collagen 1 in red and DAPI in blue. Pictures were captured at 

10x objective magnification. 

 



Figure 5. Matrices produced during co-cultivation of fibroblasts and tumor cells  

ECM produced by fibroblasts cultured with: normal culture medium and CIMP-

negative tumor cells (A),  culture medium with TGF-β1 (10 ng/ml) and CIMP-

negative tumor cells (B), CIMP-negative conditioned medium and CIMP-negative 

tumor cells (C),  normal culture medium and CIMP-low tumor cells (D),  culture 

medium with TGF-β1 (10 ng/ml) and CIMP-low tumor cells (E), CIMP-low 

conditioned medium  and CIMP-low tumor cells (F),  normal culture medium and 

CIMP-high tumor cells (G),  culture medium with TGF-β1 (10 ng/ml) and CIMP-high 

tumor cells (H) or CIMP-high conditioned medium and CIMP-high tumor cells (I). 

Fibronectin in green, collagen 1 in red and DAPI in blue. Pictures are captured at 10x 

objective magnification. 

 

Figure 6. Live cell migration of CIMP-high tumor cells on different matrices 

Matrices  produced by fibroblasts stimulated with: normal cell culture medium (A), 

medium supplemented with TGF-β1 (B), conditioned medium from CIMP-neagtive 

cells (C), conditoned medium from CIMP-low cells (D) or conditioned medium from 

CIMP-high tumor cells (E). CIMP-high tumor cells were seeded on top of the 

matrices and in an empty well (F) 6 hours before live cell migration was performed. 

The inserted lines show the direction of cell migration. Images were taken every 10 

minutes for 15 hours, and one from each experiment is shown in this picture. The 

pictures were captured at 10x. 
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