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Abstract This study aims to explore the relationship between
gene polymorphism and breast cancer, and to screen DEGs
(differentially expressed genes) with SNPs (single nucleotide
polymorphisms) related to breast cancer. The SNPs of 17
patients and the preprocessed SNP profiling GSE 32258 (38
cases of normal breast cells) were combined to identify their
correlation with breast cancer using chi-square test. The gene
expression profiling batch8 9 (38 cases of patients and 8 cases
of normal tissue) was preprocessed with limma package, and
the DEGs were filtered out. Then fisher’s method was applied
to integrate DEGs and SNPs associated with breast cancer.
With NetBox software, TRED (Transcriptional Regulatory
Element Database) and UCSC (University of California Santa
Cruz) database, genes-associated network and transcriptional
regulatory network were constructed using cytoscape soft-
ware. Further, GO (Gene Ontology) and KEGG analyses were
performed for genes in the networks by using siggenes. In
total, 332 DEGs were identified. There were 160 breast
cancer-related SNPs related to 106 genes of gene expression
profiling (19 were significant DEGs). Finally, 11co-correlated
DEGs were selected. In genes-associated network, 9 signifi-
cant DEGs were correlated to 23 LINKER genes while, in
transcriptional regulatory network, E2FI had regulatory

Highlights 1 Eleven significant DEGs were identified in breast cancer.
2 MTUS1, CD44, CCNB1, CCND2 and KRAS with specific SNPs were
vital genes for breast cancer.

3 E2F1 was identified as the transcription factor of MTUSI, CD44,
CCNBI and CCND2.

4 Significant DEGs enriched in multiple cancer signaling pathways.
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relationships with 7 DEGs including MTUS1, CD44, CCNB1
and CCND2. KRAS with SNP locus of rs1137282 was in-
volved in 35 KEGG pathways. The genes of MTUSI, CD44,
CCNBI, CCND2 and KRAS with specific SNP loci may be
used as biomarkers for diagnosis of breast cancer. Besides,
E2F1 was recognized as the transcription factor of 7 DEGs
including MTUS1, CD44, CCNBI and CCND2.

Keywords Breastcancer - Single nucleotide polymorphisms -
Gene expression profile - Fisher’s combined probability test -
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Introduction

Breast cancer is known to originate from breast tissue, most
commonly from the inner lining of milk ducts or the lobules
that supply the ducts with milk [1]. It is reported that approx-
imately 1.2 million women suffer from breast cancer, and
50,000 people die from the cancer every year [2]. Breast
cancer is more prevalent in women that 232,670 new cases
are estimated to appear in women in 2014, accounting for
almost 99 % of the total new cases (235,030) [3]. Despite the
major advances in the operative and non-operative manage-
ments, breast cancer metastasis remains a major clinical prob-
lem that affects large numbers of patients [4]. Besides, prog-
nosis and survival rates for breast cancer vary greatly with
cancer types, stages, treatments, and geographical locations of
patient [5]. With the continuous improvement of SNP detec-
tion technology, the study on the relationship between gene
polymorphism and genetic predisposition has become a hot
topic. A Single Nucleotide Polymorphism (SNP) is a DNA
sequence polymorphism caused by single nucleotide mutation
from genomic level. It is well known that the genesis and
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development of breast cancer is closely related to genetic
mutations and deletions. Except the alteration of DNA se-
quence, other abnormalities such as SNP changes were also
detected to associate with breast cancer [6]. Recent studies
have found that multiple SNP loci such as SNP in the regula-
tory region and that in the coding region are likely to cause
gene mutation or the change of protein structure, which are
closely related to breast cancer [7]. Zardawi and his colleagues
found that high expression of Notch I gene caused by SNP loci
(rs1137282) was a sign in early stage of breast cancer [8]. In
hereditary breast cancer, the risk for population with BRCA-1
mutation of suffering from breast cancer was 36 % —87 %, and
that for BRCA-2 mutation carriers was 45 % —84 %, which
were all found to be related to SNP loci (rs1137282) mutation
[9]. All these above results indicate that it is essential to
elucidate the relationship between gene polymorphism and
breast cancer risk for the prevention and prognosis of breast
cancer.

In order to explore the SNP related to prognosis of breast
cancer, the SNP profiling and gene expression profiling of
breast cancer were integrated to identify significantly differ-
entially expressed genes (DEGs) contained SNP. The SNP
profiling composing of 38 cases from normal breast cell,
which was downloaded from GEO (Gene Expression Omni-
bus, http://www.ncbi.nlm.nih.gov/geo/) database, was
preprocessed. Then integrated with the SNPs of 17 cases
from patients with breast cancer, the correlation between
SNP and breast cancer were detected using chi-square test
[10]. In addition, the gene expression profiling of breast
cancer batch8 9, were downloaded from the TCGA (the
cancer genome atlas) database and were preprocessed with
limma package in R language [11]. Fisher’s method [12] was
applied to analyze the significant SNP and genes according to
their correlations with breast cancer. Furthermore, NetBox
software [13] was recruited to obtain the interaction relation-
ship between DEGs. Then combined with the information
about transcription factors from the TRED (Transcriptional
Regulatory Element Database) [14] and the transcription fac-
tor binding sites predicted by UCSC (University of California
Santa Cruz) database [15], the transcriptional regulatory net-
work was constructed using cytoscape software [16]. Finally,
GO (Gene Ontology) [17] and KEGG (Kyoto Encyclopedia
of Genes and Genomes) pathway [18] analyses were per-
formed to explore the functions of DEGs and genes in the
constructed networks, using siggenes in R language [19].

Materials and Methods
Data Resources

The SNP profiling of 17 patients (1 male and 16 female; right
breast, 7; left breast, 10; 51.1+12.1 years) with breast cancer
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were purchases from commercial array platforms (Affymetrix
chips, Agilent arrays). The specimens were collected from the
Department of Breast Surgery, the First Affiliated Hospital of
Henan Science and Technology University. Informed consent
was retrieved from the patients. Ethical permission was
granted by the local ethics committee. The subtypes of breast
cancer of these samples were identified (Table 1), according to
the classification method [20]. Based on the platform of
GPL6801 (Affymetrix Genome-Wide Human SNP 6.0), the
SNP profiling with accession number of GSE32258 which
contains 38 cases of normal breast cells was downloaded from
GEO database. The gene expression profiling of batch8 9
including 38 cases of breast cancer patients and 8 cases of
normal tissue was downloaded from TCGA database. The
data in TCGA were divided into four levels (level 1-4), and
the data of level 3 was applied in this study.

Data Preprocessing of the SNP Profiling and the Correlation
Analysis of SNP with Breast Cancer

The symbols of probes in SNP profiling of GSE32258 were
transformed into the symbols of SNP according to their anno-
tation information, then the SNP from 17 patients with breast
cancer were combined to recognize the relationship between
SNP and breast cancer with chi-square test [10]. The specific
formulation is as follows:

Where, S and R represent the number of cases and control
samples respectively, and i represents the SNP subtypes,
whose value was set as 3 for the platform of GPL6801 could
test three genotypes including AA, AB and B. The p-value in
chi-square test was calculated with distr package in R lan-
guage [21]. Besides, combined with the annotation informa-
tion of SNP from dbSNP (database of SNP, http://www.ncbi.
nlm.nih.gov/snp/) and genes from GEO database (http://www.
ncbi.nlm.nih.gov/geo/), the information about the related
genes with the SNPs were obtained.

Data Preprocessing of Gene Expression Profiling
and Screening of DEGs

The original gene expression profiling of batch8 9 was nor-
malized with median method of RMA (Robust Multiarray
Average) algorithm of Affy package [22] to obtain the expres-
sion matrix. Limma package in R language [11] was
employed to screen DEGs based on #-test method, and the
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Table 1 The subtypes of breast cancer of 17 samples from patients

CA15-3 ER PR C-erbB-2 Ki-67 E-cad Subtype

14.27 - - ++ 40 %(+) HER-2 enriched
7.92 - + ++ 80 %(+) +++ Luminal B

527 =+ 20 %(+) Luminal B
19.63 + - ++ 40 %(+) +++  Luminal B
10.34 +H+ - ++ 40 %(+) +++  Luminal B

9.73 o+ 20 %(+) +++  Luminal B
1314 - - 4+ 30 %(+) +++  HER-2 enriched
7 A 40 %(+) +++  Luminal B
14.59 +=+ - ++ 20 %(+) Luminal B

8.69 - - ++ 20 %(+) HER-2 enriched
7.25 ++ - - 20 %(+) Luminal B

9.75 +HH+ A+ 20 %(+) Luminal B

11.2 +=+ 30 %(+) +++  Luminal B

9.17 +H+ o+ ++ 80 %(+) ++ Luminal B

7.93 A 30 %(+) +++ Luminal B
1375 ++H ++ ++ 30 %(+) +++ Luminal B

7.12 + - - 10 %(-) Luminal A

screening criteria were |logoFC (fold change) | >1.5 and p-
value <0.05.

Fisher’s Combined Probability Test

Fisher’s combined probability test (fisher’s method) [12] was
applied to perform the integrated analyses of the significant
disease-related SNPs and DEGs, thereafter to obtain the DEGs
possessing breast cancer-related SNP loci. The integrated p-
values were also obtained. Based on the screening criterion
with p-value <0.01, the significant DEGs and SNPs were
integrated. Generally, one gene contains multiple significant
SNP. In the present study, the SNP with maximum chi-square
value (namely minimum p-value) was selected. The integrated
chi-square value was calculated based on the formulation as
follow:

k
X' = _22 In(p;)
=1

The statistic degrees comply with the chi-square distribu-
tion whose freedom was 2 k, where the k was 2.

Construction of DEGs-Associated Network
and Transcriptional Regulatory Network

Comprising information from databases such as HPRD (Hu-
man Protein Reference Database), Reactome, NCI-Nature and
Pathway Interaction Database (PID), as well as MSKCC

(Memorial Sloan-Kettering Cancer Centre), the NetBox soft-
ware is a potent tool to construct the interaction networks for
human genes based on copy number alteration and sequence
mutation data. Besides, it could also assemble altered genes in
the constructed networks. It could identify LINKER genes
under the pre-set p-value, connect all altered genes and then
select network modules and calculate network modularity
[13]. NetBox software was recruited to obtain the interaction
relationships between DEGs and to identify statistically sig-
nificant LINKER genes, so as to construct the DEGs-
associated network, with the criterion that p-value <0.05 and
the shortest path threshold was 2, as well as that
hypermutators was excluded. The transcription factors asso-
ciated with breast cancer were identified from LINKER genes
based on the information of cancer-related transcription factor
deposited in TRED [14]. Then the relevant target genes were
predicted according to the transcription factor binding sites
provided by UCSC database [15]. Thereafter, the transcrip-
tional regulatory network was constructed using cytoscape
software (Cytoscape 3.X) [16], which could visualize the
interaction relationships of genes network and transcriptional
regulatory network, and the combine score >0.5 was select as
the threshold for interaction relationships.

GO and KEGG Pathways Analyses

The GO annotation [17] and KEGG pathway [18] enrichment
analyses were performed with siggenes in R language [19], for
significant DEGs as well as the LINKER genes in the net-

works. The cut-off criteria were gene number >2 and p-value
<0.05.

Results
DEGs Selection

The gene expression profiling of batch8 9 involves of 12,042
genes from 46 samples. Calculated by the median method
with RMA, the expression profile data were normalized. As
shown in Fig. 1, the normalized median line was almost in a
straight line, indicating a high level of normalization. With the
screening criteria of |log,FC| >1.5 and p-value <0.05, a total of
332 DEGs in breast cancer were identified, in which 146 were
up-regulated.

Identification of SNPs Correlated with Breast Cancer
A total of 906,601 SNPs from 38 normal breast tissues were
obtained after preprocessing of the SNP profiling GSE32258,

then combined with 17 SNPs from patients, a total of 166
SNPs associated with breast cancer disease were screened
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Data before normalization

Data after normailization

Fig. 1 The normalization of the gene expression profiling: box plots
displaying the intensity log ratio distribution before and after
nornolization procedures. a, Before normalization; b, After

based on chi-square test. According to the annotation of SNP
from dbSNP, there were 160 SNP correlated with 106 genes
(19 were significant DEGs) in the gene expression profiling.

Screening of DEGs with Breast Cancer-Related SNP Loci

The SNP with minimum p-value which represents a gene was
integrated with DEG selected in the gene expression profiling.
Tested by Fisher’s method with p-value <0.01, 11 significant
DEGs co-correlated with breast cancer were screened out
(Table 2).

The DEGs-Associated Network and the Transcriptional
Regulatory Network

In the DEGs-associated network constructed using NetBox
software and cytoscape, 9 significant DEGs with breast
cancer-related SNP were found to be associated with 23 genes
in the database comprised in NetBox. In the 23 LINKER genes,
there were 7 significant DEGs (in which CDC20, CCNA2,
CDC2 and HERCS were up-regulated and S7TA73, PIK3RI

normalization. The horizontal axis indicates the name of the sample,
and the ordinate represents the value of the expression. The black lines
in each box-plot represent the median of data

and CDKNI1A4 were down-regulated, Fig. 2a) identified in gene
expression profiling. Based on the information deposited in
TRED, other LINKER genes such as E2FI, BRCAI and
TP53 belonged to cancer-related transcription factor family.
Moreover, combined with the predicted transcription factor
binding sites according to UCSC database,, E2F] was found
to regulate the transcription of 7 genes including CD44,
CCNBI, CCND2, ALCAM, IGFIR, MTUSIand PDGFRA,
which all belonged to significant DEGs with breast cancer-
related SNP and were all down-regulated (Fig. 2b).

GO Annotation and KEGG Pathway Analyses

The GO annotation and KEGG pathway analyses showed that
a total of 32 associated genes in the networks were signifi-
cantly enriched in multiple cancer signaling pathways. Path-
way analysis for 11 key DEGs showed that KRAS (v-Ki-ras2
Kirsten rat sarcoma viral oncogene homolog) was involved in
35 KEGG pathways (Table 3). Moreover, the SNP locus of
rs1137282 was located in the KRAS gene, which was signif-
icantly down-regulated.

Table 2 Eleven significant DEGs (differentially expressed genes) co-correlated with breast cancer based on fisher’s method

Gene log(FC) gene-p-value SNP SNP-p-value Chisq p-value
MTUSI —1.13E+00 2.49E-06 13739408 0.01041984 34.9333 4.79E-07
ALCAM —1.20551417 0.011683923 rs16851279 0.0008378 23.0685 0.000122698
MYB —1.35E+00 0.000497047 1rs3752383 0.000407968 30.8223 3.33E-06
CCNA2 2.17E+00 4.75E-09 15769242 0.28615826 40.8341 2.91E-08
KRAS 1.12E+00 3.28E-06 rs1137282 0.003454342 36.5929 2.18E-07
PDGFRA —1.420601453 2.22E-05 152228230 0.01579237 29.728 5.56E-06
IGFIR —1.23E+00 0.000469521 rs7174918 0.025011811 22.7044 0.00014506
BLM 1.49E+00 1.56E-07 1s3815003 0.025011811 38.7212 7.95E-08
CD44 —1.457287965 2.34E-08 51467558 0.000407968 50.7538 2.51E-10
CCNBI 3.0165968 3.90E-13 51128761 5.37E-06 81.4139 1.11E-16
CCND2 —1.147007928 0.018256156 153217805 0.000407968 23.6151 9.54E-05

gene-p-value: the p-value for the significant DEGs selection; SNP-p-value, the p-value for the significant SNP screening; p-value: the integrated p-value

according to fisher’s method; Chisq: the value of chi-square test
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Fig. 2 DEGs (differently
expressed genes)-associated
network and transcriptional
regulatory network. a, DEGs-
associated network; b, Transcrip-
tional regulatory network of
E2F 1. The red circles represent
up-regulated genes, the greens
represent down-regulated genes,
and purples represent LINKER
genes. The arrows represent the
regulatory relationships

Discussion

Breast cancer, like other cancers, arises from an interaction
between the environment and a defective gene [4]. The inci-
dence of breast cancer is increasing rapidly in most Asian
countries [23]. It is inspiring that the advance in SNP detection
technology contributes to develop effective approaches for
breast cancer prevention and treatment. In our study, a total
of 332 DEGs in breast cancer were identified, in which 146
were up-regulated. After preprocessing of SNP microarray
data and combining the SNPs from patients, totally 166 SNPs
associated with breast cancer were screened and 160 SNPs
were related to 106 genes (19 were significant DEGs)

Table 3 Top 5 enriched GO

identified in gene expression profiling. Then after integrating
p-values of SNPs and DEGs using Fisher’s method, 11 sig-
nificant DEGs co-correlated with breast cancer were screened
out. In the constructed transcriptional regulatory network,
E2F1 was identified as the transcription factor to regulate
the expression of 7 DEGs including MTUS1, CD44, CCNB1
and CCND2, which were all with breast cancer-related SNPs
and down-regulated. Additionally, 32 associated genes in the
networks were significantly enriched in cancer signaling path-
ways, especially KRAS, possessing SNP locus of rs1137282,
was involved in 35 KEGG pathways.

MTUSI is a tumor suppressor gene, which was down-
regulated in many cancers, such as colon cancer (CRC) [24],

(Gene Ontology) terms and ID Term Description Count  p-value
KEGG (Kyoto Encyclopedia of
Genes and Genomes) pathways Biological Process GO0:0009987  cellular process 28 6.30E-07
analyses for 32 associated genes GO:0008150  biological process 28 1.37E-05
in the networks GO:0050794  regulation of cellular process 27 5.43E-11
GO:0050789  regulation of biological process 27 1.96E-10
GO:0065007  biological regulation 27 8.07E-10
Cellular Component ~ GO:0044464  cell part 28 0.002370481
GO0:0005623  cell 28 0.002370481
G0:0044424  intracellular part 27 0.000570814
GO:0005622  intracellular 27 0.000571834
GO:0005737  cytoplasm 24 0.000382581
Molecular Function ~ GO:0003674  Molecular function 27 0.002917227
GO0:0003824  catalytic activity 13 0.004704192
GO0:0043168  anion binding 9 0.002917227
GO:0035639  purine ribonucleoside triphosphate binding 7 0.002917227
GO0:0032559  adenyl ribonucleotide binding 7 0.001823697
KEGG hsa05200 Pathways in cancer 11 3.65E-07
hsa04110 Cell cycle 8 3.65E-07
hsa04510 Focal adhesion 8 8.54E-06
hsa04810 Regulation of actin cytoskeleton 8 9.74E-06
hsa05220 Chronic myeloid leukemia 7 3.65E-07
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pancreas cancer [25] and ovary cancer [26]. Therefore, it is
considered as the candidate biomarker for these cancers. Re-
cently, a research demonstrated that ATIP3, a novel
microtubule-associated protein product of MTUSI, was sup-
posed as a biomarker for therapies of aggressive breast cancer
[27]. In the present study, MTUSI was found to have the
cancer-related SNP (rs3739408) and other relevant SNPs,
suggesting that the SNP loci located in this gene may be
closely related to breast cancer.

The protein encoded by CD44 is a cell-surface glycopro-
tein participating in various cellular functions such as cell
adhesion and migration, as well as tumor metastasis [28]. It
is also a receptor for hyaluronic acid (HA) and can interact
with other ligands including collagens and matrix metallopro-
teinases (MMPs). . The gene CD44 is convinced to be a main
biomarker of early gastric cancer recurrence [29]. Moreover,
the study in CRC indicated that knockdown of CD44 strongly
prevented clonal formation and inhibited tumorigenicity in
xenograft model, providing the direct evidence that CD44 is
a robust marker for CRC initiation [30]. Besides, CD44 is
extensively predicted as a marker for cancer stem cells in
multiple solid tumors [31]. In the researches about breast
cancer, it has been illustrated that CD44 involved in steps of
adhesion to the extracellular matrix and motility. What’s more,
for CD44v6 (one CD44 variant) was an essential component
for malignant transformation of the breast epithelium, CD44
was suggested as a marker for breast cancer prognosis [32]. In
this study, the key SNP (rs1467558) associated with breast
cancer was located in CD44 gene, implying that CD44 might
also be a biomarker for breast cancer detection.

The CyclinB1 protein encoded by CCNBI (Cyclin-B1
Human Recombinant) in breast cancer can affect cell cycle
regulation, chromosome replication and centrosome separation
together with CDK1 (Cyclin-Dependent Kinase I). Previous
studies have also found a number of SNPs associated with
breast cancer located at CCNBI, such as 152049269 [33] and
1578540526 [34], suggesting that it might be the SNPs located
in this gene that caused the occurrence of breast cancer.

The CCND2 (Cyclin D2) gene is a direct target gene of
miR-206 in breast cancer cells. The survival prognosis analy-
sis of patients with ovarian cancer showed that polymorphism
of CCND?2 is an important factor affecting the survival time of
patients, and a plurality of polymorphic SNP loci were iden-
tified in CCND2 gene [35]. The Genome Wide Association
Studies (GWAS) analysis of breast cancer verified that the risk
SNP locus (rs3217805) for breast cancer was located on
CCND? [36], which was consisted with our results.

The transcription factor £2F] is a member of E2F family,
which can regulate expression of numerous cellular genes and
play a pivotal role in the control of action of tumor suppressor
proteins [37]. In breast cancer, it was demonstrated that E2F '/
transcription factor and PI3K signal transduction both partic-
ipated in the regulation of HA-CD44-dependent expression of
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SVV (survivin) [38], suggesting that E2F might play a
potential role in regulation of CD44. With regards to the
relationships of other DEGs with E2F/, it has been uncovered
that in hypoxic cells, HIF —2«, a well-characterized hypoxia-
inducible transcription factor vital for tumor angiogenesis,
could promote cell-cycle progression by simultaneously aug-
menting the expression of cell-cycle genes CCND2 and E2F 1
[39]. However, the evidence that E2F] could directly regulate
the expression of CCND?2 has not been confirmed, neither has
that been verified for the direct regulation of CCNB/ and
MTUS1. Nevertheless, out results revealed that these DEGs
were all regulated by the transcription factor £2F/, providing
a clue that E2F] might exert its function on the DEGs through
the mediation of other genes.

Furthermore, our results showed that the gene KRAS which
was significantly down-regulated in breast cancer, involved in
35 KEGG pathways, with SNP loci of rs1137282. KRAS plays
a critical role in normal tissue signaling, and the mutation of
KRAS is an essential step in the development of many cancers.
Previous studies found that the typical SNP locus of
rs1137282 was located in KRAS in oral carcinom while, this
locus was not detected in normal buccal cells [40]. Addition-
ally, KRAS mutation is predictive for occurrence of CRC,
meanwhile, the SNP locus of rs1137282 is closely related to
treatment and prognosis of this cancer [41]. All these indicated
that rs1137282 in KRAS might be the crucial SNP locus
associated with breast cancer. Therefore, we speculate that
KRAS with the SNP locus of rs1137282 can be used as a
biomarker for diagnosis of breast cancer.

In conclusion, significant DEGs identified in breast cancer
including MTUS1, CD44, CCNBI and CCND2, as well as
KRAS, all possessed specific SNP loci and might be used as
biomarkers for breast cancer diagnosis and treatment. Further-
more, the transcription factor E2F [ might play pivotal roles in
the progression of breast cancer through the regulation of
these DEGs. However, the accurate transcriptional regulatory
relationships need to be further convinced.
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