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Biomarkers, including DNA methylation, have shown a great potential for use in personalized medicine for BC and especially for
the diagnosis of BC in developing countries. According to the bisulfite sequencing PCR in twelve specimens (BC and matched
normal tissues), nine genetic probes were designed to detect the frequency of methylation of the promoters in a total of 302
paired cases of BC and matched normal breast tissues. Finally, a total of 900 serum samples were used to validate the use of
these methylation biomarkers for clinical diagnosis of BC. A high frequency of promoter methylation of SFN, HOXA11, P16,
RARβ, PCDHGB7, hMLH1, WNT5a, HOXD13, and RASSF1a was observed in BC tissues. The methylation frequencies of
HOXD13 and hMLH1 increased with the progression of BC. The methylation frequencies of HOXD13 and WNT5a were
significantly higher in BC. We found that methylation modification-positive samples were most consistently associated with
luminal BC. Finally, we confirmed that RASSF1a, P16, and PCDHGB7 displayed a significant sensitivity and specificity as
diagnostic biomarkers for BC (P < 0 001), and a panel that combined these three genes displayed increased significance (AUC,
0.781; P < 0 001). These data suggest that epigenetic markers in serum can potentially be used to diagnose BC. The identification
of additional BC-specific methylated genes would improve the sensitivity and specificity of this approach. This study could also
indicate that different molecular subtypes of BC are caused by distinct genetic and epigenetic mechanisms.

1. Introduction

Breast cancer (BC) is a complex and heterogeneous disease
and a leading cause of death among women. Some regional
surveys have indicated that the incidence of BC is also rising
in Chinese women [1]. Approximately, the incidence of BC
was 26.86% and the mortality of BC was 6.95% among Chi-
nese women in 2015. High incidence is concentrated between
45 and 59 years old [2].

Carcinogenesis is a multistep process that results from
the accumulation of genetic and epigenetic alterations [3].
Recent reviews have emphasized that epigenetic abnormali-
ties might play an influential role in the earliest steps of
cancer initiation and the progression of malignancies [4, 5],
especially because the methylation of a normal allele can
serve as a “second hit” that leads to gene inactivation
when paired with mutations in the opposite allele [6].

Approximately 40-50% of human genes have CpG islands
(CGIs) located in or near the promoter and/or first exon,
and the methylation of these CGIs is critical to regulate the
expression of these genes [7]. Alterations in the methylation
status of DNA are among the most frequent molecular
changes that are associated with human cancers [8].

In BC, many studies have investigated methylation
patterns as potential biomarkers for detection, subtype
classification, risk stratification, monitoring prognoses, and
predicting susceptibility or responsiveness to a particular
therapy [9, 10]. However, in spite of the promise of such bio-
markers, several barriers continue to prevent rapid progress
toward using these markers in clinical applications. Major
limitations to the further development of these markers in
clinical applications might be that many studies have focused
on investigating the methylation patterns in circulating free
DNA (cfDNA) derived from the serum of healthy women
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and women with BC, but studies rarely use benign breast
tissues as the control to identify the potential clinical applica-
tions of using serum DNA methylation as a biomarker. In
addition, these studies have investigated fewer BC and
matched control specimens, and validationwith larger patient
cohorts has not been pursued [11, 12]. Other limitations
include the utilization of different technologies by different
laboratories, resulting in a range of detection sensitivities, a
varying emphasis on quantitation, and the utilization of
different sample processing methodologies and different
reference materials as controls during analysis of hyperme-
thylation degrees when using the same technology [13]. We
therefore investigated a new diagnostic tool for BC and sought
to overcome these barriers by usingmethylation genes as can-
cer biomarkers. We determined whether these genes could
also be useful markers for predicting a prognosis in BC
patients according to the progression of the cancer. These
were ductal carcinoma in situ (DCIS), invasive ductal
carcinoma (IDC), and invasive ductal carcinoma plus lymph
metastasis (IDC-L).

In the present study, twelve candidate markers for BC
(SFN (14-3-3σ), HOXA11, ARID1a, CBX7, DLC1, P16,
RARβ, PCDHGB7, hMLH1, WNT5a, HOXD13, and
RASSF1a) were studied with regard to their detection in BC
tissues and matched serum samples. These genes have previ-
ously been shown to undergo cancer-specific methylation in
breast tissues in the TCGA database [14] and other reports of
clinical or fundamental studies [15–20]. These markers are
representatives of a variety of cellular pathways, including
DNA binding, cell cycle/checkpoint control, developmental
regulation, chromatin binding, cell adherence, and cytokine
activity. In addition, HOXA11, HOXD13, and PCDHGB7
were confirmed as early methylated genes when human
mammary epithelial cells (HMEC) converted into cancer
cells in our previous study and in other studies [19]. We
examined the methylation status of the promoters of these
candidate genes in two independent sets (test and validation)
using a total of 302 paired tissue/normal samples. A matched
serum detection assay of the validation set (n = 194) was then
used to confirm the results obtained for the top hypermethy-
lated genes from both the test and the validation sets, to show
the reliable cfDNA methylation markers that diagnose BC.
Finally, we identified the methylation biomarkers that best
differentiated BC in a total of 900 serum samples that
included samples from 300 BC patients, 300 patients with
benign breast diseases, and 300 healthy women.

2. Materials and Methods

2.1. Patients, Sample Collection, and DNA Extraction. All
individuals signed surgical or clinical research consent forms
allowing tissue and serum collection in accordance with the
regulations approved by the IRB Committee of Harbin
Medical University. This research was completed in compli-
ance with the Helsinki Declaration. A brief outline of the
study process is shown in Supplemental Figure 1. The study
extended over biomarker development phases 1 and 2,
which were based on Early Detection Research Network
(ERDN) guidelines [13, 21]. All the tissue and serum

samples were obtained from patients and healthy persons
undergoing physical examination at the Affiliated Tumor
Hospital of Harbin Medical University, Harbin, China,
from 2014 to 2017. Fresh-frozen specimens derived from
cancerous and self-pair normal breast tissues (≥5 cm distant
from the tumor tissue) were obtained from patients who
underwent a mastectomy for BC. The benign breast
diseases included fibroadenoma, benign phyllodes tumors,
mastopathy, papilloma, duct ectasia, and hamartoma
(Supplemental Table 3). Healthy serum samples were
acquired from the Affiliated Tumor Prevention and
Treatment Institution of Harbin Medical University. All
H&E slides were reviewed by two independent pathologists
to determine the integrity of the tumor specimen (tumor
content of >70%) and the normal tissue blocks, in which no
tumor cells were observed.

All samples were classified as one of four types of primary
BC lesions: (1) pure DCIS, 100 cases; (2) IDC, 100 cases; and
(3) IDC-L, 102 cases. Genomic DNA was isolated from fresh-
frozen primary breast tumors and matched normal breast tis-
sues. Samples were pretreated with proteinase K (20mg/mL)
at 55°C overnight and DNAwas then extracted using an Axy-
Prep™ Multisource Genomic DNA Miniprep Kit (Axygen
Scientific Inc., CA, USA). Approximately 5mL of peripheral
blood was drawn into a blood collection tube prior to a phys-
ical examination or surgery, and all samples were transferred
to the study laboratory within 4 hours of collection for pro-
cessing. Circulating free DNA (cfDNA) was obtained from
1mL of serum using a QIAamp Circulating Nucleic Acid
Kit [22] (Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions.

2.2. Immunohistochemistry and Molecular Subtypes. The
monoclonal ER antibody was obtained from Ventana (cata-
log no. 760-2596). The monoclonal PR antibody was
obtained from Dako (catalog no. M3569). Nuclear labeling
for ER positivity or PR positivity was required in greater than
1% of cells [23]. HER-2 IHC was performed using the Dako
HercepTest kit according to the manufacturer’s protocol.
Cases were scored using the established criteria as 0, 1+, 2+,
or 3+. Fluorescence in situ hybridization analysis to deter-
mine Her-2 amplification was performed on all 2+ (equivo-
cal) cases using the PathVysion kit (Des Plaines, IL). To
qualify as Her-2 positive in this study, a case had to demon-
strate either a 3+ IHC score or a Her-2 fluorescence in situ
hybridization amplification ratio of greater than 2.2. Cases
were categorized into one of four categories based upon
accepted and previously validated IHC surrogate profiles of
BC. Luminal A tumors were immunoreactive for ER and/or
PR and negative for Her-2 or low proliferation. Tissue that
was ER+ and/or PR+, either Her2+ and/or highly prolifera-
tive, was considered luminal B tumors. The Her-2 subtype
was defined as ER-, PR-, and Her2+. Basal-like tumor was
the most controversial type. On the basis of the published
criteria, basal-like cases were defined as tissues with a
triple-negative phenotype (ER-/PR-/Her2-). We therefore
used triple-negative BC (TNBC) instead.

IHC for p53 (Ventana, monoclonal antibody, catalog no.
760-2542) and Ki-67 (Ventana, monoclonal antibody,
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catalog no. M7240) only showed nuclear labeling. For p53, a
labeling score indicating that >30% of the nuclei were labeled
was defined as aberrant overexpression (which correlates well
but not perfectly with the presence of p53 mutation) [24].
The Ki67 cut-off point was 20%, and this was used to desig-
nate a tumor as highly proliferative when assigning samples
to subtype groups [25].

2.3. Bisulfite Treatment, Sequencing, and MethyLight. Bisul-
fite conversion of genomic DNA was performed using an
EZ DNA Methylation kit (Zymo Research, Orange, CA,
USA) according to the manufacturer’s instructions. Con-
verted DNA was amplified using PCR as described in Supple-
mental Excel 1. For each BSP, ten positive clones were
sequenced in both directions by the Life Technologies Lab
(Invitrogen, Burlington, ON, CA).

According to the results of BSP sequencing, we selected
the probable promoter CpG islands that contained the
methylated variant sites to design probes for each gene
(Supplemental Figure 1). A detailed list of the nucleotide
sequences corresponding to the MethyLight primers and
probes in the promoter or 5′ end region of all analyzed loci is
provided in Supplemental Excel 2. TaqMan MGB (Applied
Biosystems, Foster City, CA, USA) PCR was performed
using primers specific for the bisulfite-converted methylated
sequence of a particular locus. Globin reference primers
were used separately. The TaqMan MGB probes showed
a significant improvement in assay specificity, and their
smaller size allowed for a more flexible assay design.

MethyLight is highly specific, sensitive, and reproduc-
ible. It can also rapidly detect biologically relevant informa-
tion in patient samples. MethyLight is a PCR-based method
that requires only very small amounts of DNA of modest
quality, and this makes it compatible with small biopsies
and paraffin-embedded tissues [26]. MethyLight could
therefore be a utility tool for use in clinical applications
[13]. The majority of studies that have used percentage of
methylated reference (PMR) as a method for evaluating
methylation have reported positive results. But the cut-off
value for PMR varies when used with MethyLight in differ-
ent studies [15, 27–29]. This is likely the result of not using
self-matched normal tissue as a control in studies that
instead use SssI-treated human peripheral white blood cell
DNA from the same person or from healthy people as the
control. This comparison may not accurately reflect positive
methylation cases, because methylation modification is
influenced by many factors, including lifestyle, environmen-
tal exposure, ethnicity, age, and tissue heterogeneity [26, 30].
In this study, we compared BC tissue to matched normal
breast tissue (distant from tumor mass ≥ 5 cm) from the
same person, and the percentage of samples that were meth-
ylated at a specific locus was statistically calculated using the
2-ΔΔCt method, where ΔΔCt = CTTarget gene − CTReference
sample − CTTarget gene − CTReference control (matched nor-
mal tissue from the same patient) [31]. All samples were
assayed in duplicate, and to validate the results of the 2-ΔΔCt

method, the amplification efficiencies of the test genes and a
reference gene, Globin, were examined using serial dilutions

of DNAover a 100-fold range and using gene-specific primers
for each gene and Globin. The ΔCt (CTTarget gene − CTReference)
was calculated for each DNA dilution, and a plot of the log
DNA dilution vs. ΔCt was constructed. A cut-off value of
≥1.5 [32, 33] (allelic gene methylation) was determined to
indicate a positive result. The analysis of cfDNA methylation
frequency was also performed using the MethyLight method.
We used 2

-ΔCt
(ΔCt was calculated as CTTarget gene −

CTReference) in a ROC curve analysis to determine both
sensitivity and specificity in comparison of results between
BC and control samples (including healthy women and
patients with benign breast diseases).

2.4. Statistical Analysis. Data were analyzed using Student’s
t-tests, Fisher’s exact tests, Kruskal-Wallis H, ROC curve
analyses, and Mann-Whitney U tests. All tests were per-
formed using SPSS 17.0. A P value of <0.05 was consid-
ered significant.

3. Results

3.1. Prescreening of the Promoter CpG Islands of Candidate
Genes to Select Methylation Targets Using BSP. From the
TCGA database, gene methylation biomarkers identified for
the diagnosis of other tumors in the previous studies, and
the distinct methylation genes identified during the conver-
sion from human normal mammary epithelial cells to BC
cells, we selected SFN (14-3-3σ), HOXA11, ARID1a, CBX7,
DLC1, P16, RARβ, PCDHGB7, hMLH1, WNT5a, HOXD13,
and RASSF1a, which represent a variety of different pathways
that are involved in cancer (Supplemental Excel 3). Ini-
tially, we evaluated the CpG islands of all of these genes
[34], and the highly dense regions containing the CpG
sites in the CpG islands were sequenced using BSP in six
paired cases of BC tissues and matched normal breast tissues
(Supplemental Figure 2). DLC1 was eliminated because the
highly dense CpG region could not be amplified using
BSP. We then selected variant methylation sites that
were methylated in at least half of the BC tissues and
unmethylated in the matched breast normal tissues to
design the probes for MethyLight (Supplemental Table 1).

3.2. Determination of Methylation Frequency in an
Appropriate Gene Evaluation Set of Patients. Next, all resid-
ual tissue specimens were divided into two data sets: the test
set (108 paired cases of BC tissues and matched normal
breast tissues) and the validation set (194 paired cancer tis-
sues and matched normal tissues). All of these samples were
obtained from BC patients aged 40-60 years old to rule out
the effect of age on DNA methylation. The other clinico-
pathological factors, including the pathological type, histo-
logical grade, BMI, and tumor size, were not different
(P > 0 05, Supplemental Table 2) between the test set and
the validation set.

We investigated the methylation frequency of eleven
genes between BC tissues and matched normal breast tissues
in the test set using MethyLight. Significantly high methyla-
tion frequencies were detected for nine genes in BC tissues
from the test set. Moreover, we next confirmed these results
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using the same nine methylation probes in the validation set,
and we found that they also displayed the high methylation
frequencies (Supplemental Table 4). In conclusion, a total of
nine methylated genes, including SFN,HOXA11, P16, RARβ,
PCDHGB7, hMLH1, WNT5a, HOXD13, and RASSF1a, were
methylated with significantly higher frequency in BC tissues
than in matched normal breast tissues from 302 BC patients.
The average methylation frequencies for all of the genes in
the BC tissue group are shown in Supplemental Table 5.
Among all of these markers, PCDHGB7 was most often
methylated (78.81%), whereas the lowest methylation
frequency was observed forWNT5a (28.48%).

3.3. Methylation Frequency during the Progression of BC.We
categorized all of the malignant samples into four groups
according to the histopathology of BC, including DCIS,
IDC, and IDC-L. The results of the methylation frequency
analysis for all nine genes is illustrated in Table 1. All of the
genes displayed widespread aberrant promoter CpG island
methylation. The frequency of HOXD13 and hMLH1 meth-
ylation significantly increased with the progression of the dis-
ease from in situ to invasive cancer (P < 0 001 and P < 0 05,
Figure 1), but there was no significant difference between
IDC and IDC-L.

3.4. Methylation Profiles Associated with Molecular Subtypes
and Clinicopathological Features. In each group (DCIS, IDC,
and IDC-L), we classified three subgroups according to the
coexistence of methylation between genes: coexistence of one
to three methylation genes, four to six methylation genes, or
seven to nine methylation genes (Supplemental Table 6). We
found that the category with the fewest genes was the group
indicating the coexistence of seven to nine methylated genes
in the DCIS group (5%). To exclude contingency and on the
basis of the prior studies [35], we determined that samples in
which at least three genes were simultaneously methylated
were likely to be affected by epigenetic modifications
(especially DNA methylation modifications) and we named
these “methylation modification-positive samples.” Next, we
analyzed the specimens that clustered with the BC molecular
subtypes in different groups (Figure 2). We found that
methylation modification-positive samples were consistently
the luminal type of BC (Figure 3) in the DCIS, IDC, and
IDC-L groups.

3.5. Evaluation of the Consistency of Methylation Frequency
between BC Tissues and Matched Serum and Determination
of the Best-Performing Methylation Probes in BC Diagnoses.
Based on the above data, we have shown that gene methyla-
tion frequencies are significantly higher in BC tissues. Next,
we considered whether methylation can be used as a diagnos-
tic marker of BC. We used specific probes to assess the meth-
ylation of nine genes in matched serum samples in the
validation set using MethyLight. The majority of the genes
that were methylated in the BC tissue were also methylated
in the matched cfDNA obtained from serum (in the gene
methylation-positive tissues). The same genes displayed
higher average frequencies in the matched serum, including
PCDHGB7, P16, and RASSF1a (Table 2). Meanwhile, the

frequency of HOXA11 or WNT5a methylation was low in
serum, even though the frequency of methylation of these
markers in the matched BC tissues was high. In addition,
HOXD13 was only methylated in 1 cfDNA sample, and
RARβ was only methylated in 3 samples of cfDNA. The
methylation frequency of hMLH1 was 33.33% in serum and
35.57% in tissues. Finally, the observation that frequencies
increased along with the progression of BC, as observed in
tissues and illustrated in Figure 3, did not recur in the serum
methylation study.

According to the frequent study of methylation genes in
breast cancer tissues and serum samples, we selected genes
that had a higher methylation frequency in both the breast
cancer tissues and the matched serum samples to explore
the clinical utility of using such methylation biomarkers to
diagnose breast cancer. PCDHGB7, P16, and RASSF1a
(although the methylation frequency of RASSF1a was lower
in the serum in this study, it was generally high in breast can-
cer tissues) were selected. We used an expanded set of serum
samples that included 300 breast cancer samples, 300 sam-
ples from age-matched healthy controls, and 300 samples
from age-matched patients with benign breast diseases. In
the ROC curves corresponding to the three analyzed genes
(Figure 4(a)), RASSF1a showed a sensitivity of 75%, a speci-
ficity of 62.5%, and an area under the curve (AUC) of 0.682
(95% CI, 0.645 to 0.719, P < 0 001). The sensitivity and
specificity of P16 were 75% and 64.33%, respectively, and
the AUC was 0.687 (95% CI, 0.650 to 0.724, P < 0 001).
PCDHGB7 showed the highest sensitivity (84.33%). This is
in accordance with our results showing that this marker
showed the highest methylation frequency in breast cancer
tissues (Supplemental Table 5). However, the specificity of
serum PCDHGB7 was not very high (60.33%), and the
AUC for this marker was 0.660 (95% CI, 0.630 to 0.678,
P < 0 001). Next, we performed an ROC curve analysis for
a three-gene panel to determine its sensitivity and specificity
for diagnosing breast cancer (Figure 4(b)). According to
this analysis, the three-gene panel discriminated between
breast cancer patients and controls with a sensitivity of
82.67% and a specificity of 77.83% (AUC, 0.781; 95% CI,
0.757 to 0.796, P < 0 001). This combination of three

Table 1: Methylation frequencies for the nine genes in breast cancer
patients.

Methylated gene
Breast cancer tissue (302 cases)
methylation frequency (%)

DCIS IDC IDC_L

SFN 25.67 27.35 36.67

HOXA11 38.23 40.67 45.34

P16 37.45 44.5 42.11

RASSF1a 64.45 54.38 68.45

PCDHGB7 75.56 83.45 76.45

hMLH1 23.55 40.57 47.43

Wnt5a 31.34 34.56 36.45

HOXD13 32.34 65.33 66.78

RARβ 43.45 24.78 34.68

4 Disease Markers



different methylation markers maximized their significance
in the clinical diagnosis of breast cancer.

4. Discussion

The recent report has indicated that the incidence of BC in
developing countries is stably increasing [35]. However, dis-
tinctive features related to BC in Asian women relative to
women of predominantly European ancestry include Asian
women who have larger tumors and a more advanced tumor
stage at diagnosis, and these characters are associated with
delayed diagnosis or more aggressive disease [1, 22, 36].
Approximately 75% of cases in Asian women are diagnosed
at late and untreatable stages (clinical stages III and IV)
[37, 38]. This may be due to lack of awareness, limited health-
care infrastructure, inadequate manpower, and the uneven
distribution of resources. Mammography has been the “gold
standard” for BC detection for decades, and it is commonly
applied in western countries. However, it is not suitable for
use in developing countries as a diagnostic tool for BC
because of limitations, including age, the density of breast tis-
sues, socioeconomic factors, and medical resources [34, 39].
It is therefore necessary to explore efficacious, economical,
convenient, and practical diagnostic methods that are suit-
able for use in developing countries.

In this study, we screened the methylation status of nine
genes belonging to different molecular pathways in different
pathological BC and matched normal tissues. This could
raise the accuracy of such biomarkers for determining a diag-
nosis or prognosis in BC [40, 41]. Although RASSF1a, RARβ,
SFN, hMLH1, and P16 have been widely detected in different
studies [18, 30, 42, 43] and in different people [27, 44, 45], we
report important data regarding the frequency of the methyl-
ation of genes in BC. We found that HOXA11, PCDHGB7,
andHOXD13 are also highly methylated in BC tissues, which
was rarely reported in the prior studies, especially in DCIS.

Furthermore, we show that not all of the genes that are meth-
ylated in tumor tissues are also highly methylated in serum
cfDNA, as the case for HOXD13 and HOXA11. Although
knowledge of the underlying mechanisms involved in deter-
mining the levels of these genes in circulating DNA is still
limited [46], some evidence suggests that cfDNA is released
from tumors as a glyconucleoprotein complex, which might
protect it from degradation by nucleases [47]. It remains
unclear whether the release of tumor DNA into serum is
associated with tumor necrosis, apoptotic cell death, or other
selective cellular processes. Because it is presumably shed
from the original primary tumor, cfDNA might be fragmen-
ted and the quantity of cfDNA is greatly reduced. It has
therefore been suggested that the clinical utility of using
methylated biomarkers to diagnose BC must be confirmed
in the serum and not just in BC tissues. For diagnostic bio-
markers of BC, we selected RASSF1a, which is widely used
as a methylation biomarker for diagnosing BC in western
countries, and P16 and PCDHGB7 because they are highly
methylated in both BC tissues and serum. RASSF1a and
P16 displayed a significant utility for diagnosing BC, as found
in the prior studies. However, the sensitivity and specificity
observed in this study were different from that found in the
previous studies [16, 48, 49]. The most important reason
for this discrepancy could be that we added benign controls
in this study, and this may have reduced the sensitivity and
specificity of these markers in contrast with results that com-
pare only BC and healthy samples. Other reasons could be
differences in the race of the sample population or their envi-
ronment, difference in methodology, and differences in the
targets being investigated. Hence, in future research aimed
at investigating methylation to determine diagnostic bio-
markers in BC, we strongly suggest that samples should con-
tain matched samples from patients with benign diseases.
The methylation frequency observed in PCDHGB7 may be
the first time that methylation has been detected in BC tissue
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hMLH1 69 125 35.57 23 46 33.33

Wnt5a 57 137 29.38 12 45 21.05
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RARβ 71 123 36.6 3 68 4.23
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and serum and found to be an effective methylation bio-
marker for the diagnosis of BC. In addition, we also investi-
gated the mRNA expression of PCDHGB7 in BC tissues to
confirm its methylation in BC. The results showed that
PCDHGB7 was expressed at low levels in most BC tissues
(approximately 80%, Supplemental Figure 3). Finally, we
confirmed that a panel of methylated biomarkers that
included these three genes showed the best sensitivity and
specificity for the diagnosis of BC. Therefore, in future
studies, we will add more effective methylation markers to
increase the sensitivity and specificity of this panel for use
in diagnosing BC.

Many studies have reported that the frequency of methyl-
ation should significantly increase in parallel with the pro-
gression of cancer [19, 33] and that methylation could
therefore potentially be used as a predictor during the deter-
mination of a prognosis in BC. In our study, we showed that
HOXD13 and hMLH1, in BC tissue methylation detections,
demonstrate this phenomenon. In particular, methylation
of HOXD13, a member of the HOX family, significantly
increased in parallel with the progression of BC (from in situ
to metastasis). This example was also just reported by Gupta
et al. [50] in Nature. However, this phenomenon did not
reappear for either HOXD13 or hMLH1in the analysis of
methylation in serum. As we discussed above, this reminds
us that accordance in methylation profiles between tissues
and the matched serum samples is not perfect, as reported
by Korshunova et al. [51]. Many methylation biomarkers that
have been detected in BC tissues in the prior reports may not
be suitable for clinical diagnoses of BC unless they are also
analyzed in the serum. We also found that the methylation
frequency of RARβ showed a significant variation: 43.45%
in DCIS, 24.78% in IDC, and 34.68% in IDC-L, and these
results followed the progression of BC. This may be the result
of chance, or cyclic methylation modification mechanisms
might be present, as reported in the prior studies [52, 53],
in the RARβ promoter region, and these must be clarified
in the future.

Finally, by performing an unsupervised clustering analy-
sis of DCIS, IDC, and IDC-L, we found that luminal, Her-2,
and triple-negative tumors had different methylation pro-
files. We synchronously clustered at least three methylation
genes with different functions in a single specimen, relative
to BC subtypes. The highest methylation frequencies were
usually observed in luminal tumors. Her-2 and triple-
negative BC samples displayed low methylation frequencies
in general, and this result may be compatible with results
indicating they have unstable and aberrant genomes, which
may result from reduced transposon silencing. The associa-
tion between methylated modification profiles and different
subtypes has been mentioned in many previous investiga-
tions [40, 54, 55] because it could indicate that different
molecular subtypes of BC could be caused by distinct genetic
and epigenetic mechanisms [56].
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