
Materials & Methods: Tumor

samples from N = 48 patients with metastatic melanoma

collected prior to anti-PD-1 immunotherapy were stratified

into clear responders and non-responders, forming a case-

control-like study cohort (Figure 1). Genome-wide DNA

methylation and transcriptome profiling were performed

using the Illumina EPIC (850k) array and 3′-RNA

sequencing.
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Introduction: Most patients with metastatic

melanoma develop primary or secondary resistance to

therapy, reducing the effectiveness of systemic treatments.

In this context, epigenetic regulatory mechanisms can

drive dedifferentiation and contribute to tumor plasticity.

This project aims to uncover epigenetically regulated

patterns, genes, and signaling pathways involved in

(de)differentiation, plasticity, and immune cell interactions

in melanoma to identify potential biomarker candidates and

clinically relevant targets to overcome therapy resistance.

Results: The UKBonn cohort was characterized

by mutational status, tissue origin, survival, and therapy

response (Figure 2). Differential methylation analysis

between responders and non-responders identified distinct

CpG sites. The top 1,000 were used for gene annotation

and enrichment analysis (Figure 3), revealing pathways

related to neural differentiation. Basic methylation analysis,

including quality control, preprocessing, filtering, and

differential methylation resulted in 10 of 143 CpG sites that

remained significant after false discovery rate correction.

These CpG sites were localized to eight genes linked to

neuronal and developmental pathways, consistent with the

neural crest origin of melanoma, as well as epithelial and

immune-associated signatures.

Figure 1: Approach.

Figure 3: Enrichment analysis of top 1000
differentially methylated genes between
responders and non-responders reveals
association with pathways of the nervous
system.
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Figure 4: Basic differential methylation
analysis between responders and non-
responders highlights neuronal and
developmental pathways consistent with the
neural crest origin of melanoma, alongside
epithelial and immune-associated signatures.

Figure 2: Clinical characteristics of
the UKBonn cohort.

Import Data

Filtering 
- Detection p value > 0.01
- Cross-reactive probes/sites
- X/Y chromosomes
- SNP-related polymorphisms

Normalization
Normalized with
Filipski / Newell / TCGA cohorts
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Filtering 
- Mapped to promoter regions
- Δβ > 0.04 between responders 
and non-responders

10,831 CpG sites

Differential Methylation 
- Δβ > 0.2
- Covariates: sex & age

143 CpG sites

- False discovery rate correction

10 CpG sites in 8 genes: 
NLGN4Y, HOXA10, BICD2, 
NTM, HRNBP3, CCL11,  
ZNF831, KREMEN1

~865,918 CpG sites

Outlook: Further analyses will focus on highly

variable CpG sites in the TCGA SKCM cohort and on

relative methylation differences as additional filtering

criteria. Validation of these findings in independent

published cohorts is planned (Figure 1).


