
EPIGENETIC PROFILING OF CELL-FREE TUMOR DNA AS A BIOMARKER FOR 
DETECTION OF HIGH-RISK ENDOMETRIAL CARCINOMA

• High-risk endometrial cancers (EC) such as uterine 
serous carcinoma (USC) often present as late stage 
lesions with poor prognosis, underscoring the need 
for better early detection strategies (Sagae et al. Int J. 
Gynecol Cancer 2014).

• Cell-free tumor DNA (cfDNA) can be isolated from 
serum of patients with cancer and used as a “liquid 
biopsy” to identify disease early, detect recurrence 
and monitor response to treatment (Pathway 
genomics, Cancer Intercept 2015).

• While mutational sequencing can identify somatic 
alterations in cfDNA, it requires a high-depth of 
coverage to reliably differentiate tumor-derived cfDNA 
from genomic DNA (Aravanis et al Cell 2017).

• An attractive alternative approach is to to measure 
DNA methylation changes allowing for downstream 
targeted capture of genomic regions of interest 
followed by massively parallel sequencing (Figure 1).

• TCGA analysis identified ~22-26K DMRs 
distinguishing between normal tissue and 
tumor for each subtype, 45% of which 
mapped to named genes. The majority of 
these DMRs mapped to protein coding 
regions (60%) in CpG islands (47%) 
(Figure 5).

• Sequencing of bisulfite converted and 
captured cfDNA resulted in between 1.1-
14 million raw sequencing reads with low 
error rate but high number of adapter 
duplicated reads from PCR amplification 
(Figure 6).

• 80 DMRs were identified differentiating 
tumor-derived cfDNA from control DNA, 
83% of which overlapped with DMRs 
identified in the TCGA data (Figure 6). 

• Several putative DMRs were identified in 
clinically relevant genes such as PI3KCA, 
HOXA10, WT1 and CABLES1 that have 
been previously implicated as hyper- or 
hypomethylated in endometrial cancer. 

• Whole genome bisulfite sequencing 
(WGBS) of ARK-1 and ARK-2 cell lines 
identified high sequencing fidelity with 
panel-captured DNA with Pearson R 
correlation values of 0.83 and 0.85 
respectively (Figure 7).
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• Infinium 450K methylation data for 541 EC 
samples downloaded from TCGA Genomic 
Data commons Portal, aligned to Human 
Genome 38 and methylation beta values for 
cytosines in genome between cancer 
samples and normal controls compared 
using Wilcoxon test with Benjamini-
Hochberg FDR adjustment (R version 3.5.0). 
Differentially methylated regions between 
normal tissue and tumor samples identified 
(p <10-5)

• DNA isolated from USC tumor tissue, 
adjacent normal tissue, serum from EC 
patients, control serum and USC cell lines 
(Figure 2).

• cfDNA bisulfite converted, captured and 
sequenced (Figure 3) followed by 
institutionally developed pipeline analysis 
to identify DMRs (Figure 4). 

• Use of a custom-designed 
hybridization capture panel can 
identify clinically-relevant DMRs in 
serum cfDNA of patients with 
endometrial cancer

• Epigenetic analysis of serum cfDNA 
holds promise for identification of 
biomarkers in high risk EC.

• Further research is needed to 
characterize DMRs between normal 
controls and cfDNA of other high-risk 
EC subtypes.
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• To identify differentially methylated regions 
(DMRs) in endometrial cancer subtypes from 
data via The Cancer Genome Atlas (TCGA)

• To evaluate the use of a custom target 
hybridization capture panel to study 
endometrial cancer cfDNA methylation

Figure 1: Benefits of methylation analysis of cfDNA Figure 2: Schematic describing cfDNA sample isolation

Figure 3: cfDNA library preparation protocol Figure 4: cfDNA analytical pipeline

Histology Number of 
unique 
DMRs

Endometrioid (N= 390) 25,227

Mixed (N =12) 22,522

UPSC  (N =36) 24,492

Carcinosarcoma (N=57) 26,216

Figure 5: Number, location and function of DMRs identified in TCGA Data

Sample # of reads Error 
Rate (%)

Adapter reads 
(%)

ARK-1 14,239,092 0.03 51.4
ARK-2 14,482,864 0.03 45.9
Tumor #1 12,909,503 0.03 54.2
Tumor #2 12,580,164 0.03 54.7
Normal tissue #1 11,323,270 0.03 57.3

Normal tissue #2 16,947,021 0.03 44.5

cfDNA patient #1 1,302,967 0.03 35.4

cfDNA patient #2 1,198,106 0.03 38.1

cfDNA control #1 5,951,535 0.03 17.8

cfDNA control #2 14,929,927 0.03 22.4

Figure 6: Sequencing data and DMRs identified from cfDNA pilot study

Figure 7: Sequencing fidelity between 
capture panel and whole genome 

bisulfite sequencing


	 

