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Background Methodology
Methylation of CpG di‐nucleotides is an important epigenetic process in human cells. 

Methylation of the gene promoter is generally considered to suppress the expression 

of the downstream gene. Epigenetic silencing of functionally important genes is 

known to be associated with diseases such as cancer [1].

HCT116 is a cancer cell line which is often used as a model to study colorectal cancer 

(CRC). Additionally a double knock‐out (DKO) is available which lacks two functional 

DNA methyl transferase enzymes DNMT1 and DNMT3b, and thus has severely reduced 

methylation (and silencing) functionalities [2].

By assessing the methylation profile of HCT116 and the transcription profile of both 

HCT116 and DKO, a so called re‐expression study, genetic regions silenced in HCT116 

due to methylation can be unraveled. 
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Results

Figure 1: Correlation of expression 

values between different samples.

HC116: Sample 1‐7; DKO: sample 8. 

Reproducability using next‐generation 

sequencing is high. 

Figure 2: Overview of the average methylation pattern around the TSS in HCT116. The 

graphs represent histograms of the frequency of methylation events over all the genes.  

The [‐1000bp,+1000bp] region is shown in shaded grey. 

Expression values for each gene were calculated and normalized to yield a coverage 

value per transcript in both HCT116 and DKO. Obtained expression values using next‐

generation sequencing are very reproducible (Figure 1). 

As expected, the DKO cell line lacking methylation functionalities shows an 

increased gene expression compared to the native HCT116 cell line. 9.45% more 

genes are expressed in DKO vs. HCT116.

Both HCT116 and DKO show a similar amount of antisense expression. ~ 10% off all 

the expressed genes show antisense expression, suggesting methylation has no direct 

effect on the antisense transcription.

Promoter methylation is the most predominant location of gene methylation in 

HCT116. Methylation is mainly located in a ‐1000bp to +1000bp region around the 

TSS, hence the promoter and exon 1 show increased methylation. Re‐expressed 

genes show a more pronounced methylation pattern in HCT116 than other genes 

(Figure 2).

Applying expression criteria in HCT116 and DKO and methylation criteria in DKO, 

1,600 genes were identified which are silenced in HCT116 due to methylation. The 

most re‐expressed protein coding gene in DKO was UCHL1 (Figure 3).

Our re‐expression study confirmed many known CRC methylation markers (e.g. 

VIM, SPG20) and also revealed some new putative CRC markers (e.g. LAYN) [3‐5]. 

Many of these silenced genes are also silenced in other CRC cell lines (Figure 4).

Pathway analyses revealed that several immunological pathways are re‐expressed 

in DKO upon demethylation. Upregulated pathways include for example the toll‐like 

receptor pathway, the chemokine signalling pathway, and complement cascade 

Figure 3: Details of the UCHL1 gene region. 

The second track shows the methylation 

pattern (black peaks). A high peaks means 

strong methylation.

The DKO track shows transcription in the 

sense direction (green) and very minimal 

transcription in the antisense direction (red). 

The HCT116 track shows no transcription.

UCHL1 is a textbook example of a gene 

experiencing silencing by methylation. I.e.  

promoter/exon1 is methylated, HCT116 shows 

no expression, and DKO shows expression 

upon demethylation.

Figure 4: Overview of protein 

coding genes that show 

promoter/exon1 methylation, are 

silenced in HCT116 and re‐

expressed in DKO. Normalized 

expression in HCT116 and DKO is 

shown along with expression 

values in several other CRC cell 

lines. 

The top 20 genes are shown and 

ordered in descending order by 

the expression value in DKO.

Conclusion
Expression and methylation analysis in the HCT116/DKO model system is a powerful 

method to unravel cancer genes prone to methylation based gene silencing. Next‐

generation sequencing offers an unprecedented accuracy and resolution in the study 

of the relationship between expression and methylation.

[1] Herman & Baylin, Promoter‐region hypermethylation and gene silencing in human cancer. Current Topics in 

Microbiology and Immunology

[2] Rhee et al., DNMT1 and DNMT3b cooperate to silence genes in human cancer cells. Nature 

[3] Schuebel et al., Comparing the DNA hypermethylome with gene mutations in human colorectal cancer. 

PLoS Genetics

[4] Chen et al., Detection in fecal DNA of colon cancer‐specific methylation of the nonexpressed vimentin gene. 

Journal of the National Cancer Institute 

[5] Lind et al., SPG20, a novel biomarker for early detection of colorectal cancer, encodes a regulator of cytokinesis. 

Oncogene 2011

total RNA

ribosomal RNA

depletion

mRNA, snoRNA,

miRNA...

fragmentation + 

5' and 3' adapter

ligation directional RNA library

expression profile

Genome‐wide RNA‐ and MBD‐sequencing in HCT116 and DKO cells

as a global re‐expression model


