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1 |

Breast carcinoma (BC) is one of the most common reproductive
carcinomas. In China, BC is the leading cause of carcinoma
death in women younger than 45 years, and also is expected
to account for 15% of all new carcinomas in women per year

INTRODUCTION

Abstract

Background: Breast carcinoma has become a nonnegligible public health problem
in China with its increasing incidence and mortality in woman. As a early event regu-
lating tumorigenesis and development, DNA methylation became one of the focuses
of current carcinoma researches on potential diagnostic and therapeutic targets.
Methods: In this study, we comprehensively analyzed the gene expression data and
DNA methylation data of breast carcinoma and adjacent normal tissues samples in
the Gene Expression Omnibus database. Influences of tumor stage, adjuvant therapy,
hormone therapy, and chemotherapy on CpG methylation level were explored by lin-
ear regression analysis. Correlations between methylation and gene expression levels
were determined by spearman rank correlation analysis. Log-rank test was applied
for determining significance of associations between CpG sites methylation level and
breast cancer patients' Kaplan—Meier survival.

Results: A total of 229 CpG sites were found to be significantly associated with
tumor stage or treatment, and eight of which were potential markers that affect the
survival of breast carcinoma and negatively correlated with their genes' expression
levels.

Conclusions: We reported eight CpG sites as potential breast cancer prognosis sig-
natures through comprehensively analyzed gene expression and DNA methylation
datasets, and excluding influences of tumor stage and treatment. This should be help-

ful for breast cancer early diagnosis and treatment.
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(Chen et al., 2016) In recent decades, the promotion of mam-
mographic screening in physical examination has contributed
to improve the early diagnosis of BC (Howell et al., 2014).
However, the widespread application of these screening and
diagnostic interventions requires significant resources (Eccles
et al., 2013). New biomarker development is the basis of BC
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detection and diagnosis, and personalized treatment (Wagner &
Srivastava, 2012). Thus, integrative analysis on high-through-
put data for searching biomarkers and potential therapeutic
targets has been extensively studied in recent years (Sethi, Ali,
Philip, & Sarkar, 2013). And the good news is that, several
promising drugs that target epigenetic alterations are currently
available for clinical investigation in solid tumors, including BC
(Connolly & Stearns, 2012).

Epigenetic alterations have recently emerged as a com-
mon hallmark of multiple tumors (Abdel-Hafiz & Horwitz,
2015; Chakravarthi, Nepal, & Varambally, 2016; Okugawa,
2015). The occurrence of tumor cells is able to be activated
by epigenetic alterations. Furthermore, their cellular behav-
iors, including proliferation, invasion, metastasis and even
escape from chemotherapy and host immune surveillance,
are also regulated by epigenetic processes (Klymenko &
Nephew, 2018; Marks, Olson, & Fernandez-Zapico, 2016).
The epigenetics refers to changes in gene expression without
changes in the DNA, including DNA methylation, histone
posttranslational modifications, recruitment of chromatin
remodeling factors, and expressions of micro and long non-
coding RNA (Baylin & Jones, 2011). Especially, the causal
relationships between gene expressions and DNA methyla-
tion have received considerable attention, and the epigenetic
modification of different gene regions may consequently lead
to distinct biological and clinical implications (Dafni, Anna,
& Francesc, 2018). In BC, DNA methylation has been proved
to be associated with clinicopathological features, such as
tumor stage, histological and grade (Fleischer et al., 2017;
Holm et al., 2016). Moreover, it can also influence the pro-
gression and prognosis of BC patients (Rauscher et al., 2015).

The potential is great for DNA methylation markers to im-
prove carcinoma outcomes across the prevention continuum
(Terry, Mcdonald, Wu, Eng, & Santella, 2016). To screen the
key methylated sites related to BC prognosis, in this study,
we comprehensively analyzed the gene expressions and DNA
methylation in BC tumor tissues, and explored the mecha-
nisms and biological processes affecting the occurrence and
development. We found that eight methylated sites that can
influence breast carcinoma survival independently of clinical
factors such as clinical grade and treatment. Finally, we iden-
tified two potential gene markers (ESPL1 andPARPBP) that
might affect breast carcinoma survival, which supplemented
the existing system of DNA methylation in the regulation of
breast carcinoma.

2 | MATERIALS AND METHODS

2.1 | Data source

Datasets on DNA methylation and mRNA expression profiles
of BC were downloaded from the Gene Expression Omnibus

(GEO) database (http://www.ncbi.nlm.nih.gov/geo/). The
datasets of DNA methylation (GSE37754; Platform: Illumina
HumanMethylation450 BeadChip [HumanMethylation450
15017482 v.1.1]) and mRNA expression profile (GSE37751;
Platform: Affymetrix Human Gene 1.0 ST Array [HuGene-
1_0-st]) were selected for further analysis. From GSE37754
dataset, 72 samples were obtained, including 10 normal (non-
carcinomaous) tissues and 62 tumor (breast carcinoma) tis-
sues. From GSE37751 dataset, 108 samples were obtained,
including 47 normal tissues and 61 tumor tissues.

2.2 | Preprocessing of DNA methylation and
mRNA expression data

DNA methylation data were processed via the IMA
R Bioconductor package. The following criteria were
used: Remove the methylated site if its detection p value
(DP) > .05 in >75% samples and the methylated sites on sex
chromosomes; remove the sample if >75% methylated sites
in it had DP > 107>, Meanwhile, the mRNA expression data
were normalized with Robust Multi-Chip Averaging with the
Affymetrix Expression Console software.

2.3 | Screening of differentially
methylated genes

The differentially methylated sites (DMGs) between tumors
and normal tissues were identified by limma method in IMA
package with the thresholds of false discovery rate <0.05
(Wang et al., 2012). The Benjamini—Hochberg method was
used for statistical corrections.

The correlation of the methylation level of the DMGs with
the stage and treatment of the patients was analyzed using
limma R Bioconductor package (Ritchie et al., 2015). The
correlation was defined as follows:

y=a+bX,+cX,+dX;+eX,, 1)

where a is the methylation level at baseline, and X, X,, Xj,
X, represent for tumor-node-metastasis (TNM) carcinoma
staging, adjuvant therapy, hormone therapy, and chemother-
apy respectively. p < .05 was considered to be significantly
correlated.

2.4 | Survival analysis

The significantly differentially methylated genes that cor-
related with prognosis were screened using survival R
package. The survival curve analysis was performed by the
Kaplan—Meier method and comparison between subgroups
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were examined by the log-rank test. The influence of the
methylation level of the DMGs on the overall survival
of breast carcinoma patients was analyzed using the Cox
model.

2.5 | Correlation between methylation and
mRNA expression

Aberrant DNA methylation is usually closely associated with
altered gene expression. Thus, we selected the DMGs that
significantly associated with carcinoma staging, treatment
and prognosis, and used the spearman rank test to calculate
the correlation between their methylation and gene expres-
sion levels with the cut-off of the absolute value of the cor-
relation coefficient >0.75.

3 | RESULTS

3.1 | Identification of DMGs in BC

The distribution of the mRNA expression profiles of dif-
ferent samples after normalization was suitable for sub-
sequent analysis (Figure la). After the preprocessing of
DNA methylation, 455,968 methylated sites were retained
from the 485,577 methylated sites with a pass rate of
93.9%, and all the samples were retained. The methylation
level distribution of remaining methylated sites in tumor
and normal tissues after removing the low-quality meth-
ylation site (Figure 1b) indicated that the overall methyla-
tion level in tumor was higher than that in normal tissues.
After screened by limma method in IMA package, 6,043
significantly differentially methylated genes were identi-
fied (Table S1). The heatmap of significantly differentially
methylated genes in normal and tumor tissues (Figure 1c),
indicating that the gene expression patterns of most tumor
samples are consistent.

3.2 | DMGs associated with tumor
staging and treatment

As a result, 229 sites were identified out of the 6,043
DMGs with a standard of p < .05 (Table S2). Among the
DMGs, 191 were significantly associated with tumor TNM
stage, 10 were associated with adjuvant therapy, 13 were
associated with hormonal therapy, and 24 were associated
with chemotherapy. There were 83.4% of these 229 DMGs
associated with tumor stages (Figure 2). Furthermore, the
expression pattern of these four DMGs groups were differ-
ent in their related subgroups. Based on these 229 DMGs,
we used principal component analysis to analyze the
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differences between tumors of different stages, and showed
the first three principal components in a three-dimensional
scatter plot (Figure 3).

3.3 | Analysis of prognosis-related DNA
methylated sites in BC

We performed a survival analysis of the 229 methylated
sites significantly associated with tumor staging and treat-
ment. For each methylated site, we divided the tumor sam-
ples into two groups using the median of the methylation
levels of these sites. The survival curve was plotted using
the Kaplan—-Meier method. The log-rank test was used in
the judgment of difference in the survival curves. p < .05
was set as the standard. The results showed that the survival
curves of 55 methylated sites were significantly different
(Table S3). We then performed a cox proportional regres-
sion to analyze of the effects of these methylated sites,
the effects and relative risks of race, age, tumor stages,
and treatments (adjuvant therapy, hormonal therapy and
chemotherapy) on survival times (Table S4). The results
indicated that among these factors, age, tumor stages, and
adjuvant therapy were significantly associated with sur-
vival time. Of the 229 DMGs, 87 were significantly associ-
ated with carcinoma survival time. To find the methylated
sites that associated with survival time independent of age,
tumor stages and adjuvant therapy, we analyzed the meth-
ylation levels of these 229 DMGs and the factors above
in a multivariate cox proportional regression risk model.
The results showed that after correcting with these factors,
13 DMGs were significantly associated with survival time
(Table S5). In addition, eight of the 13 DMGs were also
significant in the single-factor cox proportional regres-
sion, including cg04988216, cg00118989, cg01967564,
cg21374754, cg26874872, cg04836851, cg26090534, and
cg08783934. The effects of these eight DMGs on BC pa-
tients' survival were shown in Figure 4. The red survival
curves were the sample with higher methylation level, and
the blue survival curves were the sample with lower meth-
ylation levels.

3.4 | Correlation between DNA
methylation and gene expression in BC

The level of methylation often affects the level of gene ex-
pression. We used the Spearman method to calculate the
correlation between the methylation levels of the above 229
methylated sites and their corresponding gene expression
levels. Using the absolute value of the correlation coefficient
>0.75 as the threshold, a total of 19 methylated sites in the
above 229 methylated sites were significantly associated
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FIGURE 1 Identification of differentially methylated genes in BC. (a) The distribution of the mRNA expression profiles of normal and

tumor tissues after normalization. (b) The methylation level distribution of differentially methylated sites of normal and tumor tissues after

preprocessing. (c) Heat map of significantly differentially methylated genes in normal and tumor tissues

with the expression levels of at least one of the correspond-
ing genes (Table S6).

4 | DISCUSSION

DNA hypermethylation is conventionally negatively associ-
ated with gene expression, and the DNA methylation in the
promoter region of tumor suppressor genes appears to be a
key event at early stages of carcinogenesis (Baylin & Jones,
2016). CpG islands are CpG-rich areas of 200 bp to several
kilobases in length, usually located near the promoters of
highly expressed genes (Baylin, 2000). The aberrant CpG
methylation has been proven to be a nearly universal feature
of human carcinoma (Yang & Park, 2012). Damir Herman
et al. had shown that CHST11 played an important role in
the development of breast carcinoma, and its expression
was regulated by DNA methylation (Herman et al., 2015).
Studies had also shown that the promoter region of Runx3
gene was methylated, inhibited cell proliferation, apoptosis

and differentiation, and promotes the formation of breast car-
cinoma (Lotem et al., 2017; Rossi, Bagala, Inzani, Leoncini,
& Schinzari, 2017). Liu H et al. revealed that hypermethyla-
tion of the RUNX3 gene promoter might play an important
role in ER-positive breast tumor progression (Liu et al.,
2018). However, as BC is a heterogeneous disease, which
includes several subtypes with different molecular and clini-
cal features, the prognostic value of these aberrantly methyl-
ated biomarkers and the complex role of DNA methylation
in distinct gene regions are still controversial topics (Gy&rffy
et al., 2016).

In this study, we comprehensively analyzed the gene ex-
pressions and DNA methylation in BC tumor tissues, and ex-
plored the mechanisms and biological processes affecting the
occurrence and development. Comparing with normal tissues,
a total of 6,043 significantly differentially methylated genes
were identified in BC tumor tissues. Of these, 229 DMGs
were significantly associated with tumor staging (83.4%) and
treatment (16.6%), and 19 DMGs in the these 229 DMGs
were associated with the expression levels of at least one
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FIGURE 3 3D scatter plot of principal component analysis

of the corresponding genes. The corresponding genes were
CDCAS, KIF2C, ARFI1, RGS5, CENPL, TMEM206, EPRS,
DHTKDI, CEP55, COLI7Al, STIPI, GRIA4, ORS5PIP,
TUBAIC, ESPLI, PARPBP, RHOJ, PLKI, HERC2P4, HLF,
MYOI5B, KRTI4, L3IMBTLA4, 8,022,168, CALR, DDX49,
MRPS12, SMYDI, C20rf40, TPX2, ADRMI, TP63, PATAIS,

16171860
kd 04
0926565803 [ 0.2
©g00785941

0920507276

03748376

908944170

0916962463

0903391002

0920154206

cgu4019164

904038750

913675957

cg11179695

926325880

915071761

921618549

0g04374711

15633390

0918160135

©924843380

0907917978

cg14114377

CENPU, IRXI, CARMN, HISTIH3A, SAMDS5, KIAA1456,
MTDH, PRDX4, and NAAIO.

Among them, the value of 13/42 genes in affecting
the tumor cell behavior and BC prognosis has been clar-
ified. CDCAS is a putative oncogene that is upregulated
in multiple types of carcinomas (Ci et al., 2018). In BC,
the expression of CDCAS correlates closely with FOXM 1,
which might be might be involved in BC progression (Jiao
et al., 2015). ARFI regulates the adhesion and invasion
of MDA-MB-231 cells (Schlienger, Campbell, & Claing,
2014). EPRS is a critical regulator of cell proliferation and
estrogen signaling in ER + BC (Katsyv, Wang, Song, Zhou,
& Irie, 2016). CEPS55 is a downstream target of FOXM1,
which is involved in the proliferation of BC cells (Ye,
Tao, Xueming, & Junming, 2016). The aberrant COLI7A1
promoter methylation predicts the misexpression and in-
creased invasion in BC (Thangavelu, Krenics, Dray, &
Duijf, 2016). ESPLI is a candidate oncogene of luminal B
BC (Finetti et al., 2014). PLK] is related to the growth and
metastasis of Her2* BC cells (Yao et al., 2012). L3MBTL4
is a potential tumor suppressor gene of chromosome arm
18p regulating the aggressive phenotype of BC (Addou-
Klouche et al., 2010). C2ORF40 suppresses BC cell pro-
liferation and invasion through modulating expression of
M phase cell cycle genes (Lu et al., 2013). TPX2 promotes
migration and invasion of BC cells (Yang, Li, Shen, et al.,
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2015). TP63 is involved in the regulation by estrogen re-
ceptor-a and ERK2 that controls BC proliferation and in-
vasiveness properties (Wang et al., 2017). The activation
of MTDH can promote chemoresistance and metastasis of
poor-prognosis BC (Hu et al., 2009). Moreover, nine of the
other 29 genes have also been named in studies of a variety
of carcinomas (Cabagnols, Cayuela, & Vainchenker, 2015;
Ho et al., 2012; Jang, Park, Kim, Seong, & Kim, 2014;
Jiang et al., 2011; Wang et al., 2010; Wang et al., 2017;
Yang, Li, Shen, et al., 2015; Yang, Li, Niu, Li, & Bai, 2015;
Zhao et al., 2018).

Breast carcinoma is a complex biological process caused
by both hereditary and nonhereditary factors, such as pa-
tient age, family heredity, lifestyle habits, estrogen levels,
growth factors, cytokines, kinases, and epigenetic regula-
tion (Akram, Igbal, Daniyal, & Khan, 2017). In this study,
we found that age, tumor stage, and adjuvant therapy were
significantly associated with the survival time of BC pa-
tients. Subsequently, we screened the DMGs that were able
to influence survival time independently of these three fac-
tors. Eight DMGs showed significant associations, and only
one of them (cg26090534) was shown to significantly affect
gene expression. These DNA methylation modifications did
not directly act on promoter region, but might act on en-
hancer element to regulate gene expression level to silence
tumor suppressor genes. Even though DNA hypermeth-
ylation is conventionally negatively associated with gene
expression, recently methylation has been demonstrated
to positively correlate with gene expression (Fleischer et

al., 2014). The genes with the highest positive and negative
correlation with ¢g26090534 were PARPBP and ESPLI.
PARPBP, PARP-1 binding protein, is able to enhance poly
(ADP-ribose) polymerase-1 (PARP-1) activity. It has been
reported that, PARP-1 was highly expressed in NSCLC,
reducing the effects of CBP in NSCLC. And PARP-1 as
oncogene was found to effect NSCLC cell migration
through known oncogene in terms of gene interaction net-
work (Chen, Li, Xu, Zhang, & Wang, 2017). Furthermore,
PARP inhibition significantly decreased cell viability, mi-
gration, invasion, chromatin loop dimensions, and histone
acetylation, and it could play a key role in the compart-
mentalization of chromatin and in the development of the
more aggressive phenotype (Barboro et al., 2015). ESPLI
is located in the 12q13.13 chromosomal region, coding the
separase protein (Zhang & Pati, 2017). The separase pro-
teinan is an endopeptidase, which is activated at the onset
of anaphase and cleaves the cohesin subunit RAD21, al-
lowing the release of sister chromatid cohesion required for
chromosomal disjunction (Xu et al., 2018).

The epigenetic modification of functionally different
gene regions may consequently lead to distinct biological
and clinical implications. Moreover, specific methylation
patterns have been proven to be associated with different
BC subtypes. More evidences showed that abnormal meth-
ylation of enhancer element, same as gene mutation and
abnormal expression played an important role in the occur-
rence and development of tumor. Vecchione et al. reported
that hypermethylation of LZTS1 gene was found in 75%
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(6/8) of gastric carcinoma cell lines, and the deletion or
decrease of this gene expression was more attributed to the
enhancer methylation mechanism (Vecchione et al., 2002).
In addition, hypermethylation of enhancers was also found
in oral squamous cell carcinoma and non-hodgkin lym-
phoma (Nakagawa et al., 2006; Rahmatpanah et al., 2006).
Thus, the abnormal methylation in enhancer region found
in this study might be closely related to the occurrence of
BC, and we further study the actual function of these genes
in the follow-up work.

5 | CONCLUSION
In this study, we comprehensively analyzed the gene expres-
sion data and DNA methylation data of BC and adjacent
normal tissues samples in the GEO database, and identified
two potential methylated gene markers that may affect the
survival of BC patients. This study has reference significance
for exploring the molecular mechanism of DNA methylation
in the regulation of BC occurrence and development, and
would contribute to screening of key methylation markers
related to BC prognosis.
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