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Methylated biomarkers for breast cancer identified through public
database analysis and plasma target capture sequencing
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Background: Aberrant methylation is common during the early stage of cancer development. This study
was designed to investigate DNA methylation as biomarker for breast cancer.

Methods: Public database analysis and methylation-specific whole-gene sequencing were conducted to
identify methylated biomarkers that would enable early non-invasive diagnosis of breast cancer. Firstly, the
data was obtained from the TCGA Database and the Blueprint Epigenome Database. Secondly, methylation-
specific whole-gene sequencing was conducted in 10 female patients with early-stage breast cancer and 10
healthy female volunteers from Nanfang Hospital of Southern Medical University between March 2018 and
July 2018. Thirdly, the R language was used for data analysis, and KEGG and DAVID online tool was used
for annotations.

Results: We found that methylation levels at 13 cytosine-phosphate-guanine (CpG) sites (cg04066177,
cg04281344, cg05995576, ¢g06221609, cg08642731, cg11388802, cg12665414, cg14557216, cg19404723,
cg19457909, ¢g24570211, cg25818763, and cg26215982) in the malignant tissue DNA were highly
comparable to those of circulating cell-free DNA (cfDNA) of breast cancer patients, but were significantly
different from those of normal tissue DNA, ¢fDNA of healthy women, and leukocyte DNA. In addition,
three CpG sites (cg04281344, cg24570211, and cg26215982) were confirmed in clinical research, which
showed that the sensitivity and specificity of these CpGs as biomarkers for breast cancer were 69.4-83.7%
and 85.7-88.6%, respectively.

Conclusions: New biomarkers were identified and confirmed for breast cancer by comparing the

methylation of tumour tissues, leukocytes, and non-plasma DNA.
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Introduction occurs when DNA is modified by the addition of a

methyl group to the 5' position of a cytosine preceding a

Breast cancer is the most common malignancy and the guanosine (CpG). CpGs are often found at high densities

leading cause of death in women worldwide. It is widely in ‘CpG islands’, particularly within the promoter regions
accepted that methylation occurs early in the development of genes. Hypermethylation of CpG islands can result in
of cancers, including breast cancer (1). DNA methylation the transcriptional silencing of tumour suppressor genes
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in cancer, whereas CpG hypomethylation may lead to
oncogene activation, and which may also promote the
occurrence and development of breast cancer. Aberrant
promoter methylation levels of tumor related pathway
genes (such as DNA damage repair genes, apoptosis related
genes, drug transport and drug metabolism genes) may
affect the sensitivity of tumor cells to chemotherapy drugs.
Given that the DNA methylation pattern of carcinomas
may differ from that of normal tissue, it is possible that
certain methylated genes could be used as biomarkers
in non-invasive blood-based assays, thereby enhancing
diagnostic capabilities. For example, the methylation of the
promoter region in circulating cell-free DNA (cfDNA) is
under review by the Food and Drug Administration (FDA)
as a biomarker for clinical use (2). A few studies have also
demonstrated that methylated biomarkers in peripheral
blood, such as BRCAI (3), GSTP1 (4,5), RASSF1A (5,6),
RARB2 (7), and APC (4,7), can improve breast cancer
diagnosis. However, the feasibility of these biomarkers
for clinical use remains unknown, and a reliable method
to identify clinically valuable methylated biomarkers
is not currently available. The development of high-
information content assays focused on abnormalities in
DNA methylation, as well as the establishment of various
bioinformatics databases has helped to better understand
this inherent mechanism (8).

In this study, we explored public databases and conducted
methylation-specific whole-gene sequencing in an attempt
to explain the mechanism of gene methylation in breast
cancer and to search for biomarkers that would allow for
early, non-invasive diagnosis of breast cancer.

We present the following article in accordance with
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-1128).

Methods
Acquisition of TCGA data and Blueprint Epigenome data

Methylation data of breast cancer tissue and normal tissue
on the Infinium® HumanMethylation450 BeadChip
(Illumina) platform were downloaded from The Cancer
Genome Atlas (TCGA) in June 2017. HM450K methylation
data included 96 normal and 791 tumour samples.
Whole-genome bisulfite sequencing data of white blood
cells (WBCs) were acquired from the Blueprint Epigenome
Database in June 2017. The sequencing data of 26 samples
were obtained, which included T cells (n=8), B cells (n=4),
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neutrophils (n=6), and monocytes (n=8).
The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Methyl-capture sequencing of circulating cell-free DNA

For the methylation analysis of cfDNA, 10 female patients
with early-stage breast cancer and 10 healthy female
volunteers from Nanfang Hospital of Southern Medical
University were enrolled in this study between March
2018 and July 2018. Patients in the experimental group
were matched with healthy individuals in the control
group in terms of age, body mass index (BMI), and
menstrual status. None of the patients had undergone
chemotherapy or radiotherapy before surgery. The breast
cancer diagnosis of the experimental group and healthy
status of the control group were confirmed by core needle
biopsy. The clinicopathological information of all patients
is listed in Table 1. Whole peripheral blood (10 mL for each
participant) was collected from the ante-cubital fossa of all
patients with operable breast cancer before tumour excision
was carried out. This study was approved by the Ethics
Review Board of Nanfang Hospital of Southern Medical
University, and informed written consent was obtained
from all participants.

Plasma was separated by centrifugation (1,600 xg)
within 8 h of blood sample collection and kept at -80 °C
until further processing. Sample processing was conducted
by CapitalBio Genomics Co., Ltd. (Dongguan, China).
CfDNA was extracted using the Mapure Circulating
DNA Kit (Magen, Shanghai China). Ten nanograms of
cfDNA samples were then used for whole-genome bisulfite
sequencing library construction using the Acegen Ultralow
Bisulfite-Seq Library Prep Kit (Acegen, Shenzhen China)
according to the manufacturer’s instructions.

The liquid hybridization capture procedure is described
below. Briefly, 125 ng of DNA from each of the eight
adapter-ligated libraries were pooled together. One
hundred micrograms of bisulfite capture enhancer and
1 nmol of adapter complementary DNA oligos were added
to the above solution. The mixture was subsequently dried
using SpeedVac (Eppendorf, Shanghai China) at 60 °C,
and denatured at 95 °C for 10 min at a final reaction volume
of 10.5 pL (7.5 pL 2X Hybridization Buffer and 3 pL
Hybridization Component A). After centrifugation, 4.5 pLL
of designed probes were added, and the mixture was
hybridized in a thermal cycler at 47 °C for 72 h with the
lid heated at 57 °C. After hybridization, the biotin-labelled
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Table 1 Patients’ clinical and pathological data

Characteristic

Number of cases [%)]

All

Age
<60
>60

Menstruation
Pre
Pro

Clinical stage®
Carcinoma in situ
I
I

T classification®
Tis
T1
T2
T3
T4

N classification®
NO
N1
N2
N3

Histological type
Ductal carcinoma
Lobular carcinoma
Others

ER
Positive
Negative

PR
Positive
Negative

HER2
Positive

Negative

10 [100]

9 [90]
1[10]

9[90]
110]

3[30]
3[30]
4 [40]

3 [30]
4 140]
3[30]
01[0]
0[0]

7 [70]
3[30]
0 [0]
0[0]

9 [90]
01[0]
1[10]

6 [60]
4 [40]

6 [60]
4 [40]

2 [20]
8 [80]

Table 1 (continued)
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Table 1 (continued)
Characteristic Number of cases [%]
Molecular subtype (IHC)"

Luminal A 4 [40]

Luminal B 3 [30]

Triple negative 3 [30]

HER2 01[0]

ER, estrogen receptor; PR, progesterone receptor; HER2, human
epidermal growth factor receptor; IHC, immunohistochemistry.
%, clinical stage, T classification, and N classification were
determined according to the 8" Edition of the AJCC Staging
System; °, molecular subtype was determined according to the
2011 St. Gallen Expert Consensus Panel Recommendation
Guidelines.

DNA probes were captured using 100 pL. Dynabeads M-280
Streptavidin (Invitrogen, Shanghai China), which had been
pre-washed twice with 400 pL. Streptavidin Dynabead
Binging and Washing Buffer. The capture program was
incubated at 47 °C for 45 min in a thermal cycler with the
lid heated at 57 °C, and the mixture was vortexed for 3 s
every 15 minutes during the incubation period. Unbound
fractions were discarded, and DNA-probe-bead complexes
were collected and washed once with 100 pL. 1X Wash
Buffer I prewarmed to 47 °C, before being washed twice with
400 pL 1X Stringent Wash Buffer I prewarmed to 47 °C
for 5 min (X represents the volume of DNA and varies
with the concentration of DNA). After the supernatant was
discarded, the collected bead complexes were consecutively
washed again with 200 pL 1X Wash Buffer I, 200 pL
1X Wash Buffer II, and 200 pL. 1X Wash Buffer III. All
hybridization and wash buffers were purchased from Roche
NimbleGen (SeqCap EZ Hybridization and Wash Kits).
Finally, the captured DNA was eluted with 50 pL. 10 M and
incubated at room temperature for 10 min. The supernatant
was transferred into a new tube and neutralized with 50 pL
10 M efore being purified using MiniElute Purification Kit
(Qiagen, Shanghai China).

To effectively capture the related methylated regions of
plasma cfDNA, we applied SeqCap Epi CpGiant Probes
(Roche, Shanghai China), which could interrogate more
than 5.5 million methylation sites with a total capture
size of 80.5 MB, to capture target-selected genomic
regions from prepared sequence libraries of bisulfite-
treated cfDNA, while the construction of each library only
required about 10 ng of initial ¢fDNA (9,10). The captured

Ann Transl Med 2021;9(8):683 | http://dx.doi.org/10.21037/atm-21-1128



Page 4 of 11

library concentrations were measured using the Qubit 2.0
Fluorometer and quantitative PCR, and the insert size was
checked with an Agilent Bioanalyzer 2100 system (Agilent
Technologies, Santa Clara, CA, USA). The resultant
libraries were sequenced using Illumina Hiseq X Ten
system according to the manufacturer’s instructions. Raw
sequencing data were processed using the Illumina base-
calling pipeline. Low-quality reads [which contained more
than 30% ‘N’s or over 10% of the sequence with low quality
value (quality value <20) per read] were excluded from the
data analysis. The clean reads were aligned to the human
reference genome (hgl9) using rogram (11).

BSP-HiSeq of circulating cell-free DNA

Bisulfite-converted ¢fDNA samples were subjected to
Multi-BSP-HiSeq steps. Multiplex PCR [Platinum®
Multiplex PCR Master Mix Kit (LifeTechnologies,
Carlsbad, CA, USA)] was performed in a 10-pL reaction
volume consisting of 5-pL. 2x Master Mix Buffer, 4.5-uLL
bisulfite-converted c¢fDNA sample (15 ng/pL), and 0.5-pL
primer mix of the six candidate genes (50 nM/per primer).
The thermocycler setting was 95 °C for 2 min, followed
by 15 cycles of 95 °C for 15 s and 58 °C for 4 min, and
then a final extension of 3 min at 72 °C. The BSP primers
of all six CpGs were designed using MethPrimer (http://
www.urogene.org/cgi-bin/methprimer/methprimer.cgi).
The products of multiplex-PCR were subjected to library
construction with end-polishing, A-tailing, adapter ligation,
and five-cycle PCR to generate barcoded libraries. Barcoded
libraries from different samples were then pooled together
equally and sequenced using Illumina Hiseq X Ten system
(Illumina,9885 Towne Centre Drive San Diego, CA 92121
USA) according to the manufacturer’ instructions.

Statistical analysis

Data analysis was performed using bioinformatics programs
written in Perl and R. A P value <0.001 was considered
statistically significant.

Variance analysis was used to evaluate the difference
of methylated cytosine-phosphate-guanine (CpG) sites
between breast tumour and normal samples [false discovery
rate (FDR) <0.001, IDelta Betal >0.2]. P values were
corrected using the Bonferroni method, and Tukey’s
honest significant difference test was applied. The Kyoto
Encyclopaedia of Genes and Genomes (KEGG) was utilized
for the annotation of signalling pathways using the online
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tool (https://david.nciferf.gov/).

Raw sequencing data were pre-treated with Bioconductor
minfi package (http://bioconductor.org/packages/release/
bioc/html/minfi.html). The filtered data were used for
group comparison analysis of cfDNA methylations between
patients and healthy individuals using the Student’s 7-test (P
value <0.05, |Delta Betal >0.2) for each CpG site with at
least 5X sequencing depth in more than five samples within
each group. The beta-values were used for unsupervised
hierarchical clustering analysis of the methylation status of
identified CpG sites. DAVID was also used for functional
annotation of the related genes.

"To further identify methylated CpGs as biomarkers for
breast cancer, we compared the aberrant methylation in
breast cancer tissues with the methylation data of WBCs
acquired from the Blueprint Epigenome Database. The
Pearson correlation coefficient calculation was used for
Scatter plot analysis between breast cancer tissue, normal
breast tissue, and WBCs. The Student’s #-test and Benjamin
correction method were used to compare the differentially
methylated CpGs (DMCs) (FDR <0.001, |Delta Betal
>0.2) between breast tumour samples and WBCs. Lastly,
density analysis was performed for these wbc-DMCs in
breast cancer tissue, normal breast tissue, and WBCs.

The sequencing data will be uploaded to SRA database

soon.

Results

Differential DNA methylation in breast cancer and
normal tissue based on TCGA

To investigate aberrant DNA methylation in breast cancer,
we compared breast cancer and normal breast tissue
samples in TCGA. A total of 23,088 DMC:s sites were
identified between breast cancer samples and normal breast
tissue samples. Of the breast tumour DMCs (T-DMCs),
hypermethylation was detected in 13,387 sites (57.98%),
with the majority (78.4%, 10,449) in the CpG island and
flanking shores (CpG island, 7,289; shores, 3,160). Only
3.9% (370) of hypomethylated T-DMCs (hypoT-DMCs)
were located in the CpG island.

To further understand the potential role of these aberrant
methylations in breast cancer, we applied functional
annotation analysis of genes with DMCs in 1,500 regions
flanking transcription start sites using DAVID. Our results
indicated that the hypomethylated site-associated genes
were enriched in the olfactory transduction pathway (FDR
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Figure 1 Volcano plot of differentially methylated sites among the breast tumour tissue and normal breast tissue, and the KEGG pathway

enrichment results. (A) The X-axis is the differential methylation value between the normal samples and the tumour samples. The Y-axis is

the -log10(P value) of the statistical test. The dashed line is the threshold line. The red dot represents the hyper-DMC in tumour samples.

The blue dot represents the hypo-DMC in tumour samples. The black dot represents the site where there is no significant difference

between the normal samples and the tumour samples. (B) DMC-associated genes were significantly enriched to the functional pathway

display. The x-coordinate is the KEGG term. The Y-axis is the -log10(P value). The number on the bar chart is the number of genes in the
corresponding KEGG term. KEGG, Kyoto Encyclopaedia of Genes and Genomes; DMC, differentially methylated CpG.

=7.06E-104). Hypermethylated site-associated genes were
enriched in five pathways, including the neuroactive ligand-
receptor interaction (FDR =4.02E-17), the extracellular
matrix (ECM)-receptor interaction (FDR =3.73E-04),
nicotine addiction (FDR =9.75E-04), the calcium signalling
pathway (FDR =4.31E-03), and focal adhesion (FDR
=1.08E-02) (Figure I).

Methylation analysis of plasma cfDNA for breast cancer
diagnosis

Plasma samples of 10 breast cancer patients and 10 healthy
individuals from Nanfang Hospital of Southern Medical
University were analysed using target capture sequencing,
with an average of 14.0 GB of raw sequence data generated
for each sample. 75.36% of the clean reads (after removal
of low-quality reads) were mapped onto the hgl9 reference
genome, resulting in an average sequencing depth of 9.47X
at 7.90 million CpG sites. Bisulfite conversion efficiency
(>98.7%) was validated by the methylation levels, since
methylation does not occur at CHH sites in mature animal
cells (12,13). However, only 30.0% of the mapped reads
were aligned to the target regions, indicating that efficiency
of the capture reactions might have been affected by short

© Annals of Translational Medicine. All rights reserved.

fragment length and low abundance of ¢fDNA. Group
comparison analysis of cfDNA methylations between
patients and healthy individuals identified a total of 1,453
DMCs of ¢cfDNA (cf-DMCs). Of these cf-DMCs in
breast cancer patients, hypomethylation was detected at
937 sites (64.49%), mostly in the CpG island and gene
body. Although the breast cancer samples used in this
study came from patients with different stages of breast
cancer, unsupervised hierarchical clustering analysis of the
methylation status of ¢cf-DMCs could cluster samples of
the same group together, indicating that the methylation of
these sites could be used as a biomarker for breast cancer
diagnosis (Figure 2).

Functional annotation analysis using DAVID was also
carried out for all 146 genes with hyperDMCs and the
204 genes with hypoDMCs in 1,500-bp regions flanking
transcription start sites (14,15). No significant enrichment
term was observed.

Plasma cfDNA methylation for early breast cancer
diagnosis

To further identify methylated CpGs for breast cancer
diagnosis, we compared the aberrant methylation in breast
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Figure 2 Genomic distribution of DMC and hierarchical clustering of samples using DMC. (A) The orange bars represent the percentage of

hyperDMC counts within these genomic elements among all hyperDMC in the human genome, and the blue bars represent the percentage

of hypoDMC counts within these genomic elements among all hypoDMC in the human genome. (B) Samples are clustered using DMC.

By definition, breast cancer patients and healthy individuals are completely segregated, and the stage of breast tumour was displayed. DMC,

differentially methylated CpG.
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Figure 3 Correlation of DNA methylation among breast tumour tissue, normal breast tissue, and white blood cells. The X-axis and Y-axis

refer to the corresponding methylation value beta. (A) Correlation of DNA methylation between breast tumour tissue and normal breast

tissue (cor =0.51, P value =0); (B) correlation of DNA methylation between white blood cells and normal breast tissue (cor =0.86, P value

=0); (C) correlation of DNA methylation between white blood cells and breast tumour tissue (cor =0.56, P value =0).

cancer with the methylation data of WBCs. Scatter plot
analysis showed that aberrant methylated CpGs in breast
cancer was highly correlated with those in WBCs and
normal breast tissue (Pearson’s r=0.86, P=0) (Figure 3). In
addition, the comparative analysis of the DMCs of breast

© Annals of Translational Medicine. All rights reserved.

cancer samples and WBCs generated a total of 14,003
(wbe-DMCs). Density analysis of these wbe-DMCs further
illustrated a beta-distribution in the methylations of WBCs
and normal breast tissue, with 83.13% (11,640) of wbc-
DMCs methylation similar to (I Delta Betal <0.2) that in
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Figure 4 Density distribution of DNA methylations in breast
tumour tissue, normal breast tissue, and white blood cells (WBCs).

normal breast tissue (Figure 4). Various DNA methylation
profiling studies have identified candidate biomarkers for
breast cancer diagnosis (16-19), and our results supported
the importance of these methylation markers in plasma
cfDNA for cancer screening.

Our research showed that methylation levels in 13 CpG
sites (cg04066177, cg04281344, cg05995576, cg06221609,
cg08642731, cg11388802, cg12665414, cgl4557216,
cg19404723, cg19457909, cg24570211, cg25818763, and
cg26215982) were highly comparable in the malignant
tissue DNA and c¢fDNA, but differed significantly from
those of adjacent normal tissue DNA and c¢fDNA, as
well as leukocyte DNA (Figure 5). These CpG sites were
annotated to 10 protein-coding genes, including FABP9,
LCEIA, CACNAIE, CPEB4, DNAI1, DLGAP2, BCAS3,
CTNNA2, DCC, and GALNTS.

To identify whether CpGs could be used as biomarkers
for early-stage breast cancer diagnosis, we further analysed
the methylations of three CpGs (cg04281344, cg24570211,
and ¢g26215982), which were hypomethylated in ¢fDNA
from cancer patients, in an independent patient cohort
using the bisulfite sequencing PCR (BSP-HiSeq). The
cohort consisted of 35 stage IA breast cancer patients and
20 healthy volunteers from Nanfang Hospital of Southern
Medical University. The results showed that the mean
methylation value of each CpG was lower in the cancer
patients than in the controls. The optimal cut-off of CpG
methylation for breast cancer diagnosis was determined
using curves in 35 stage IA breast cancer and 20 healthy
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samples. This cut-off showed high sensitivity and specificity
for breast cancer diagnosis (69.4-83.7% and 85.7-88.6%,
respectively) (Figure 6).

Discussion

DNA methylation is a major epigenetic modification that
plays a critical role in tumorigenesis. The methylation
site tends to be highly modified in CpG islands, which are
located within gene promoters or gene bodies, resulting
in the activation or inactivation of gene expression. In this
study, we analysed the differentially methylated sites of 791
breast tumour samples and 96 normal breast tissue samples
from T'CGA database and found 23,088 DMCs, with most
of the hypomethylated DMCs were located in the CpG
islands. This finding was consistent with previous reports,
indicating that hypermethylation of CpG island may be
a hallmark of breast cancer, may regulate adjacent gene
expression, and may be involved in breast tumorigenesis
(20-24). We also found that hypomethylation-associated
genes were enriched in the olfactory transduction pathway,
which confirmed that stimulation of olfactory receptors
could promote cancer cell invasiveness and metastasis (25).
As reported in previous cancer studies, hypermethylation-
associated genes were enriched in five pathways, suggesting
the commonality of the cancer epigenome.

In addition, we performed target capture bisulfite
sequencing of cfDNA from 10 breast cancer patients and 10
healthy individuals to identify biomarkers that could be used
in breast cancer screening. A total of 1,453 cf-DMCs were
identified between the breast cancer patients and healthy
individuals. As we did in our study, we screened out the CpG
sites with abnormal methylation in breast cancer patients
through TCGA database and second-generation sequencing,
and then annotated the gene pathway and function with
KEGG and DAVID respectively, so as to narrow the scope
of screening. Unsupervised hierarchical clustering analysis
of the methylation status of cf-DMCs could cluster samples
of the same group together, even though those 10 patients
were at different stages of breast cancer, including stage
0 (ductal carcinoma in situ, DCIS) (n=3), stage 1 (n=3),
and stage 2 (n=4). Faryna er al. reported that aberrant
methylation occurred in the stage of carcinoma in situ (26).
Also, changes in ¢fDNA can be detected even before
neoplasms invade and acquire malignant potential (27).
It is reasonable to believe that aberrant methylation in
cfDNA can be detected in patients with DCIS, and our
research showed that the methylation levels of these CpG
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Figure 6 ROC curves of the three selected CpGs in an independent
cohort. The blue curve, red curve, and black curve represent
cg04281344 (AUC: 0.883), cg26215982 (AUC: 0.837), and
cg24570211 (AUC: 0.838), respectively. CpG, cytosine-phosphate-

guanine.

sites could differ between patients with early breast cancer
and healthy women. Estrogen receptor (ER) positive is
the main basis for endocrine therapy in breast cancer
patients, but some ER positive breast cancer patients will
turn to ER negative in tumor progression. Methylation
of ER gene CpG island is one of the mechanisms of ER
expression loss, and demethylation will also lead to ER gene
reexpression. Moreover, DNA methylation also impact
breast cancer subtypes in a certain degree. However, due to
the limited number of cases included in our study, there is
no correlation analysis in this regard.

A total of 23,088 differential sites were identified
between normal and breast cancer tissues, and 14,003
differential sites were identified between breast cancer
tissues and WBCs. Furthermore, both T-DMCs and WBC-
DMCs showed similar DNA methylation levels in both
leukocytes and normal breast tissues, suggesting that the
DNA methylation feature of leukocytes is very similar
to that of normal breast tissues. However, the number
of T-DMCs was significantly greater than that of WBC-
DMCs, which might be due to the significantly smaller
leukocyte sample size compared to that of normal breast
tissue samples. It is possible that the methylation level could
be between different samples in the same tissue. To identify
the methylation sites in ¢fDNA for breast cancer diagnosis,
we must make sure the methylation difference between

© Annals of Translational Medicine. All rights reserved.
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patients and healthy controls, and remove the interference
of peripheral blood leukocyte DNA, since cfDNA contains
leukocyte DNA (to some degree), and they should have
consistent changes with breast tumour tissue. Therefore,
the aberrant methylation of breast tumours from cancer
patients was compared with the methylations in normal
tissue, WBCs, and ¢fDNA from healthy controls.

Thirteen CpG sites (cg04066177, cg04281344,
cg05995576, cg06221609, cg08642731, cg11388802,
cgl2665414, cgl4557216, cg19404723, cgl19457909,
cg24570211, cg25818763, and ¢g26215982) were identified
as diagnostic biomarkers for breast cancer screening. The
CpG sites that could serve as biomarkers were annotated
to 10 protein-coding genes (FABP9, LCE1A, CACNALIE,
CPEB4, DNAII, DLGAP2, BCAS3, CTNNA2, DCC,
and GALNTS). FABP9 and CPEB4 were reported to have
high expressions in prostate cancer and breast carcinoma,
respectively (28,29). BCAS3 was suggested to have a role
in human embryogenesis and tumour angiogenesis (30).
CTNNA2? is a tumour suppressor associated with cell-cell
adhesion (31). DCC was reported to be hypomethylated
in advanced gastric cancer (32). To further verify whether
these CpGs could serve as diagnostic markers, we validated
three CpGs (cg04281344, cg24570211, and ¢g26215982)
as biomarkers in a new cohort, which showed excellent
sensitivity and specificity, suggesting that these CpGs could
be used as new diagnostic biomarkers.

The above results demonstrated that DNA methylation
is a novel biomarker for cancer diagnosis. However,
reliable methods to identify clinically valuable methylated
loci remain unclear, as most studies were based on the
differences between cancerous and normal tissues (33-35).
We comprehensively compared the methylations of tissue
and peripheral blood in the context of breast cancer. As
a result, we identified, for the first time, 13 CpG sites
that could be used as diagnostic biomarkers for breast
cancer screening, and validated a new approach to screen
methylated biomarkers for cancer diagnosis.

In this study, we developed a method to identify
diagnostic methylated biomarkers for breast cancer by
comparing the methylations of tissue, WBC, and plasma
cell-free DNA. We identified 13 CpGs that may be novel
biomarkers for breast cancer diagnosis.
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