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INTRODUCTION  

 

Colorectal cancer (CRC) is a heterogeneous disease and 

consists of distinct molecular and clinicopathological 

subtypes. 

80-85% of CRCs develop via the adenoma-carcinoma 

sequence (ACS), where subsequent genetic mutations 

(inactivating mutations of tumor suppressors, e.g. APC, 

SMAD4 and TP53, and activating mutations of 

oncogenes, e.g. KRAS, PIK3CA) drive from healthy 

colonic mucosa through preneoplastic adenomas with 

low-grade and high-grade dysplasia to invasive CRC. 

Epigenetic alterations (e.g. DNA methylation) are an 

order of magnitude more common in CRC, than genetic 

mutations. The aberrant hypermethylation in the 

promoter region of certain genes – via a different 

mechanism as observed in mutations – cause inactivation 

of those genes. 20-30% of CRCs have a high frequency 

of methylated genes, hence this subtype has been termed 

as CpG island methylator phenotype (CIMP), which is 

more common in elderly women. 

The third subtype termed microsatellite instable (MSI) 

consists 10-20% of CRCs, and is characterized by the 

functional loss of mismatch repair (MMR) enzymes 

caused by hypermethylation of the respective genes (e.g. 

MLH1), so a part of sporadic MSI cancers are also a part 

of CIMP subgroup. Wnt pathway has a pivotal role in the 

development of CRC, its aberrant activation (e.g. via 
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mutation of APC or via the hypermethylation of SFRP 

(secreted frizzled-related protein)) leads to colorectal 

cancer. 

Precancerous lesions arising via the adenoma-carcinoma 

sequence are called adenomatous polyps, whereas 

forerunners of the CIMP pathway are termed serrated 

polyps (traditional serrated adenoma, TSA; and sessile 

serrated adenoma, SSA).  

Chronic exposure to several carcinogenic agents (e.g. 

chronic inflammation, smoking) through a genetically 

and epigenetically altered field can predispose the 

macroscopically and histologically normal appearing 

mucosa to the development of multiple primary tumors. 

This phenomenon is termed as field effect or field 

cancerization.  

OBJECTIVES 

 

In my work, DNA methylation alterations in different 

stages of colorectal carciogenesis have been studied, 

along with its effect on gene and protein expression. 

Our aims were as follow: 

- to analyze DNA methylation alterations of 96 genes, and 

to study 12 common mutations in 

o healthy colonic samples, 

o precancerous lesions (traditional and serrated adenomas),  

o inflammatory bowel disease,  

o CRC,  

o normal adjacent tissue to CRC  
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- to analyze the effect of DNA methylation on gene and 

protein expression   

- to examine DNA methylation alterations in WNT 

pathway in the microenvironment of CRC 

- to study gene expression changes as response to 

demethylation treatment CRC cell line 

METHODS 

 

Patients 

For the DNA methylation analysis clinical samples were 

collected during routine colonscopy. Altogether 78 

samples were analyzed, including adults (older than 18 

years, N, n=5) and young patients (younger than 18 

years, Y, n=5), tubular adenoma with low-grade 

dysplasia (LGD, n=17), adenoma with high-grade 

dysplasia (HGD, n=6), CRC (n=17), metastatic CRC 

(MCRC, n=7), active UC (UCa, n=4), inactive and long-

standing UC (UCi, n=4). Field effect was studied by 

taking samples from at least 10 cm (cancer normal, CN) 

and 1 cm away (field, F) from the macroscopically 

visible margin of the tumor. 

 

DNA methylation array analysis 

DNA was extracted using High Pure PCR Template 

Preparation Kit, and DNA methylation profiles were 

examined using the EpiTect Methyl qPCR Array System. 
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RNA extraction and whole genomic mRNA 

expression microarray analysis 

Total RNA was extracted by using RNeasy Mini Kit, and 

whole genomic mRNA expression microarray analysis 

was performed using HGU133 Plus2.0 microarray. 

 

Immunohistochemistry analysis of MMR proteins and 

SFRP1  

Tissue microarrays (TMAs) were constructed with 2 mm 

cores from formalin-fixed and paraffin-embedded tissues. 

TMA sections were fixed on slides, and 

immunohistochemistry analysis for MLH1, MSH2, 

MSH6, PMS2, SFRP1 protein expression was performed. 

Following digital archiving, stainings were evaluated 

with a Pannoramic Viewer digital microscope. 

 

Analysis of SFRP1 (secreted frizzled-related protein 

1) expression in myofibroblasts 

To analyze stromal myofibroblasts, an α-SMA-SFRP1 

protein dual fluorescent staining was used in normal 

biopsy samples (n=20), surgically removed CRC (n=35) 

and colonic tissues containing NAT and CRC areas 

(n=14). 

 

Demethylation treatment in cell lines 

HT29 colon adenocarcinoma cell line was treated with a 

demethylation agent, 5-aza-2’-deoxycytidine, then RNA 

was extracted and whole genome mRNA expression 
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analysis was performed. The effect of 5-aza-2’-

deoxycytidine/trichostatin A treatment on whole genome 

mRNA expression was also examined in silico on a 

molecularly distinct CRC cell line, HCT116. 

 

Analysis of genetic mutations by next generation 

sequencing 

Mutation hotspots of 12 frequently described gene 

mutations in CRC (APC, BRAF, CTNNB1, EGFR, 

FBXW7, KRAS, MSH6, NRAS, PIK3CA, SMAD2, 

SMAD4, TP53) were amplified by own designed PCR 

primers. Amplicons were sequenced with a GS Junior 

Instrument, GS Junior Titanium Sequencing Kit was used 

for bead enrichment and sequencing steps. Variants were 

identified with the Amplicon Variant Analyzer software. 

RESULTS 

 

Comparison of methylation profiles between 

subgroups 

Comparison of methylation profiles between CRCs, 

precancerous lesions, inflamed and normal colorectal 

mucosa revealed that CRC and precancerous lesions have 

a characteristic methylation signature. We identified a set 

of 10 genes that were hypermethylated in at least 85% of 

tumor samples. These genes were not hypermethylated in 

MCRC, indicating that metastatic CRCs have a different 

epigenetic signature.  
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DNA methylation profiling revealed an increasing 

number of methylated genes along ACS. In addition to 

the 9 hypermethylated genes found in the majority 

(>95%) of samples, including normal and UC tissue, 

additional 34, 46 and 32 hypermethylated genes were 

observed in more than half of LGD, HGD and CRC 

samples, respectively. In MCRC only 2 additional 

hypermethylated genes were observed. A set of 12 genes 

were exclusively hypermethylated in HGD. The 

frequency of hypermethylated DNA copies was also 

significantly higher in the premalignant alterations than 

in cancer. 

We also analyzed the methylation profile of 4 samples 

with UCa and 4 samples with UCi.  Although we found 

difference between methylation levels (e.g. 63% vs 

80%), both conditions showed a similar pattern to that of 

normal samples, no significant changes were observed 

and no additional gene was identified as 

hypermethylated. 

 

Validation of DNA methylation results 

The level of DNA methylation was higher in 

precancerous lesions (LGD and HGD), compared to 

CRC. This observation was further validated in 7 

synchronous LGD-CRC pairs where methylation levels 

proved to be greater in LGD than in synchronous CRC. 

This observation was also confirmed by bisulfite-HRM 

analysis in 3 genes and showed consistent results. The 
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number of hypermethylated genes was also higher in 

LGD, than in synchronous CRC. The mean DNA 

methylation percentage of methylated genes was 

significantly higher in LGD than in CRC. The 

comparison of DNA methylation profiles between CRC 

and NAT revealed that hypermethylation occurred only 

in cancer but not in the adjacent field. 

 

Correlation between DNA methylation, mRNA and 

protein expression 

To analyze the effect of DNA hypermethylation, we 

examined mRNA and protein expression levels of 

SFRP1, a well-described antagonist of the Wnt pathway, 

frequently aberrantly activated in CRC. We confirmed 

the findings of previous studies, that DNA 

hypermethylation leads to subsequent underexpression of 

SFRP1 mRNA and lower protein levels in CRC, and also 

in precursor lesions (LGD, HGD, serrated polyps). 

 

Mutation analysis in adenoma-carcinoma sequence 

and sessile serrated adenoma 

The most frequent mutation (APC, TP53, KRAS, SMAD4, 

BRAF) occured more common in CRC (6-53%), than in 

traditional adenomas (LGD and HGD, 4-30%). BRAF 

mutation was most prevalent (18%) in serrated 

adenomas. 
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DNA methylation analysis of serrated polyps 

When compared to normal samples, besides the 9 

universally hypermethylated genes, there were 12 genes 

(CALCA, DKK2, GALR2, OPCML, PCDH10, SFRP1, 

SFRP2, SLIT3, SST, TAC1, VIM, WIF1) to be methylated 

in all all SSAs, and 2 additional genes (BNC1 and 

PDLIM4) were hypermethylated in 3 out of 4 SSAs, but 

in none of the normal samples. The sole TSA sample 

showed hypermethylation for only two genes (CALCA 

and SST), which the only two genes that were 

hypermethylated in all serrated polyps. 

 

Reduced stromal SFRP1 mRNA expression in CRC 

compared to NAT 

Macrodissected NAT samples showed significantly 

(p<0,001) higher SFRP1 mRNA expression than CRC 

samples (Figure 1/A).  

Using laser microdissected tissue compartments, a 

significantly (p<0.001) higher SFRP1 mRNA expression 

was found in the NAT epithelium compared to CRC 

epithelium: the average gene expression values in CRC 

was one-third of the average expression values observed 

in NAT samples. 

 

SFRP1 protein expression of myofibroblasts in 

normal, NAT and CRC  

Strong stromal SFRP1 protein expression was found in 

normal, NAT and transitional area between NAT and 
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CRC, which localized mainly in the pericryptal region. 

These stromal SFRP1-positive cells were identified as α-

SMA-positive myofibroblasts in NAT by dual 

fluorescent immunohistochemistry. In NAT regions 

pericryptal α-SMA-positive cells showed strong SFRP1 

protein expression (85.73%±12.61%/all α-SMA-positive 

and SFRP1 double positive cells/ α-SMA-positive cells 

in stroma). In most of the analyzed CRC samples 

heterogeneous SFRP1 expression was detected, the 

number of α-SMA-positive cells increased significantly, 

but the SFRP1 protein expression was significantly 

reduced (27.65%±18.27%) in representative tumoral 

areas as compared to NAT (p<0.001). Decreased SFRP1 

expression was observed in NAT samples. Parallel with 

the disappearance of epithelial SFRP1 protein expression, 

subepithelial myofibroblasts showed retained protein 

expression in these areas. NAT regions which localized 

more distantly from CRC showed similar SFRP1 protein 

expression patterns than normal samples. Decreased 

epithelial SFRP1 protein expression was detected in 

71.42% of CRC samples. 

 

 

SFRP1 promoter hypermethylation in the NAT area 

and CRC 

The methylation status of α-SMA immunopositive 

stromal myofibroblasts was examined in laser 

microdissected cells from NAT and CRC samples.  



10 
 

SFRP1 was partially (heterogeneously) hypermethylated 

in stromal myofibroblasts from CRC, whereas 

unmethylated myofibroblasts from NAT. Decreased 

epithelial SFRP1 protein expression was found in crypts 

of most NAT samples which localized closely to the 

tumor. This decreased protein expression was related to 

epigenetic silencing of SFRP1. 

 

The effect of demethylation treatment on mRNA 

expression level of hypermethylated genes 

Whole genomic mRNA expression microarray data was 

utilized to analyze mRNA expression of 7 genes (MAL, 

PCDH10, PDLIM4, SFRP1, SLIT2, SST, TMEFF2) 

previously identified as hypermethylated in CRC. These 

genes showed decreased mRNA expression in CRC 

compared to normal tissue in the majority of the 

examined samples.  

To examine whether downregulation of these gene can be 

reversed by demethylation, 5-aza-2’-deoxycytidine 

treatment was applied to HT-29 cells, which partly 

restored mRNA expression of these genes. 

Similar tendency was oberved in another in silico 

analysis, where 5-aza-2’-deoxycytidine/trichostatin A 

treatment was applied to HCT116 cell line. 

CONCLUSIONS 

 

Methylation status of 96 genes were analyzed. Our 

results indicate that there is a characteristic methylation 
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pattern for CRC and also for their precursor lesions. We 

identified a set of 10 genes (SFRP1, SST, BNC1, MAL, 

SLIT2, SFRP2, SLIT3, ALDH1A3, TMEFF2, WIF1) that 

are frequently hypermethylated in benign and malignant 

colorectal tumors. More interestingly precursor lesions 

had more hypermethylated genes and a higher grade of 

methylation than CRC, when synchronous LGD and 

CRC pairs were compared. We confirmed that metastatic 

CRCs have a different methylation fingerprint, as most of 

the genes hypermethylated in precancerous and 

cancerous lesions were not methylated in MCRC.  

We showed that 7 hypermethylated genes had decreased 

mRNA expression in tumorous samples, and this 

decreased mRNA expression could be partly restored by 

demethylation treatment.  

Among these, SFRP1 was analyzed also at the protein 

level and showed decreased protein expression compared 

to healthy samples.  

When the frequency of mutations and hypermethylated 

genes in tumorous samples was compared, methylated 

genes showed a significantly higher penetrance than 

mutations. We identified 10 genes that were 

hypermethylated in more than 85% of the examined 

samples, whereas the frequency of the most common 

mutations was less (0-50%). 

 6 genes (BNC1, SFRP1, SFRP2, SLIT3, SST, WIF1) 

were found to be frequently hypermethylated not only in 

CRC, but in both traditional and serrated pre-neoplastic 
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lesions, that warrants further investigation with larger 

sample size. 
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