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Background: Head and Neck Squamous Cell Carcinoma (HNSCC)

HNSCC specific DNA methylation (5mC) exist HNSCC = Nose, Mouth, Throat
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Background: Methylation-Specific PCR (MSP)

MSP needs regions which show methylations in tumor samples but not in control samples

➔ completely unmethylated in controls (ideally)
➔ further primer design constraints (primer length, distance, nucleotide composition,...)
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Background: Whole genome nanopore sequencing (enriched for CpG islands)
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Enrichment on CpG islands (CGIs) by using Adaptive Sampling

➔ max. 3.5-fold increased sequencing depth
➔ adaptive sampling resulted in increased 

sequencing depth on the CpG islands (at 
least 10X for all samples)
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Nanopore sequencing - overall methylation 

per CpG methylation information shows:
➔ most CpGs are highly methylated
➔ probably: artefacts (50%, 75%, 83%,..) based 

on low sequencing depth 
➔ mean sequencing depth is only 5X
➔ tumor samples CpG methylated slightly 

shifted towards unmethylated CpGs
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Nanopore sequencing - CpG island methylation

per CpG island methylation information shows:
➔ less artefacts and higher sequencing 

depth (mean sequencing depth = ??X)
➔ in contrast to genome-wide cytosine 

methylation, CGIs are rather 
unmethylated in both tumor and control 
samples
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Prediction of MSP biomarker regions with diffONT
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“Here, we show that hypermethylation of USP44 
promotes radiotherapy resistance in NPC. USP44 is 
hypermethylated in NPC, which is associated with its 
downregulation” 
(Chen, Yang, et al. "USP44 regulates irradiation-induced DNA double-strand break repair and 
suppresses tumorigenesis in nasopharyngeal carcinoma." Nature Communications 13.1 
(2022): 501.)
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Validation using Methylation-Specific PCR (MSP)

➔ ΔCq values in tumor samples lower than in control 
➔ more amplification in the tumor samples
➔ MSP confirms selected regions
➔ MSP discriminates between tumor and control

Cq value = # cycles until amplification above threshold
ΔCq value = Cq marker – Cq reference gene (ACTB)
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Validation using Methylation-Specific PCR (MSP)

→ Results can be validated in additional tissue 
samples using methylation-specific PCR 

Youden’s J statistic = sensitivity + specificity -1
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Methylation-Specific PCR (MSP) in saliva – same same, but different

in saliva:
→ significantly different ΔCq values between 
tumor and control samples as well
→ BUT: worse sensitivity & specificity
→ not usable as diagnostic test (for screening)
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Summary

● Low Coverage Nanopore Sequencing data can usefully predict differentially methylated region 
between tumor and control samples

● diffONT can predict regions, which are usable in methylation-specific PCR
● methylation-specific PCR support nanopore sequencing results
● transferring results from tissue into saliva is difficult

Outlook
● Compare against publicly available methylation data (TCGA)
● Check publicly available gene expression data for analyzed regions (TCGA)
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Adaptive Sampling → increased sequencing depth on CGIs
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Nanopore sequencing - overall methylation 

per CpG methylation information shows:
➔ most CpGs are highly methylated
➔ probably artefacts (50%, 75%, 83%,..) based 

on low sequencing depth 
➔ mean sequencing depth is only 5X
➔ tumor samples CpG methylated slightly 

shifted towards unmethylated CpGs


