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o 4167 putative marker regions were identified from biomarker discovery 
with WGBS. 

o Differential signal could be observed both between AA and NAT and 
CRC and NAT (Fig.1), while several of these regions were differentially 
methylated also between AA and CRC samples, indicating biological 
signal change with adenoma progression to cancer. 

o Whole genome bisulfite sequencing (WGBS) data of 88 CRC, 48 
advanced adenoma (AA) and corresponding adjacent normal tissue 
(NAT) samples was used for biomarker (differentially methylated 
region [DMR]) discovery. 

o The Cancer Genome Atlas (TCGA) Illumina 450K methylation array 
data of COAD/READ cohort (5) was used to investigatae 
overlapping CpGs through hierarchical clustering. 

o Overlapping DMRs were correlated to TCGA transcriptomics data.

o Patients were fruther divided to methylation high (142 patients [beta-
value >0.2]) and metylation low group (142 [beta-value >0.2]) based 
on individual marker values.

o Kaplan–Meier method was used on methylation sub-groups to 
calculate the survival over time (p-value < .05). 

o 26 early stage (stage I-IIA) CRC plasma samples and 42 
colonoscopy verified controls (CNT) were analyzed with targeted 
hybrid-capture based methylation sequencing assay described 
previously (6).

o Area under ROC curve values were calculated for individual 
methylation markers.

o Pathway enrichment analysis of the DMRs was done by using Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway database
(7). 

o Methylation markers have distinct signals in early development of 
CRC, with high individual accuracy for separating early-stage 
cancers from matching controls, while also distinguishing specific 
sub-groups of patients.

o Extending early detection potential of the markers to further 
prognostics and stratification, could lead to better outcomes and 
improved survival of the patients as well as pontentially serve as 
interesting new treatment targets in the future. 

o Colorectal cancer (CRC) is the 3rd most commonly diagnosed
cancer worldwide (1-2). 

o Early detection and correct patient stratification are important 
components for cancer prevention, diagnosis, and successful
treatment (3). 

o DNA methylation has been previously shown to have diagnostic and 
predictive potential for CRC (4).

o Aim of this study was to evaluate putative methylation markers in the 
context of early cancer development, diagnostics and prognostics as 
well as further investigate the biological significance of these regions
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Figure 2. Distinct classes discovered by 
hierarchical clustering of methylation of 409 
CpGs

o Kaplan-Meier analysis showed significant correlation to patients 
5- year survival prediction linked to 3 genes: FGF14 (p=0.025, 
HR = 1.75) , DPY19L2P1 (p=0.012, HR = 1.86), PTPRO
(p=0.046, HR = 1.63) (Fig. 5). 

o Targeted methylation sequencing on plasma samples of patients 
with early stage (I-IIA) colorectal cancer (26 patients from Ukraine 
and Germany) and age and gender matching colonoscopy-
verified controls (from same cohort), showed high individual 
marker accuracy with AUC= 0.78 for FGF14, AUC= 0.81 for 
DPY19L2P1 and AUC= 0.73 for PTPRO (Fig. 6).

Figure 5. Kaplan-Meier analysis of 3 genes indicates significant correlation 

o Differential methylation signals can be identified early on in cancer and even 
pre-cancer level, with markers belonging to different biological pathways that 
play significant role in the context of cancer development and progression.

o DPY19L2P1 enables glycosyltransferase activity. Alterations in
glycosyltransferase levels and glycosylation patterns have been linked to 
tumorigenesis and metastasis. 

o While FGF14 functions as a tumor suppressor through inhibiting
PI3K/AKT/mTOR Pathway.

o PTPRO has been shown to have prognostic power and function as tumor 
suppressor in human lung squamous cell carcinoma

DISCUSSION

Figure 3. Hypermethylation has significant effect on 
gene expression 

o KEGG pathway analysis revealed that the top pathways involved 
were axonal guidance, ephrin receptor signaling, epithelial-
mesenchymal transition and FGF signaling (Fig.4). 

Figure 4. Biological Pathway analysis reveals distinct pathways involvedo 84 hypermethylated DMRs from several plasma- based verification 
studies were further evaluated against TCGA Illumina 450K 
methylation array data. 

o 409 CpGs from 69 regions overlapped TCGA data. Hierarchical 
clustering identified 3 distinct classes base don methylation levels (Fig. 
2). 

Figure 1. Beta-values over 2 DMRs in tissue samples of AA, CRC and NAT. FGF14 and 
LONRF2 inicating highest methylation signal between cases and controls (p< 0.05)

Figure 6. Individual methylation values 

o Correlation analysis to transcription data showed that 19 of 
overlapping genes showed a significant down- regulation (p< 
0.05) and 2 up-regulation (p< 0.05) (Fig.3)
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