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Abstract: Breast cancer (BC) is the most common malignancy among women. We aimed to illuminate the molecu-
lar dysfunctional mechanisms of BC progression. The mRNA expression profile of BC GSE15852 was downloaded 
from Gene Expression Omnibus database, including 43 normal samples and 43 cancer samples. Differentially ex-
pressed genes (DEGs) in BC were screened using the t-test by Benjamin and Hochberg method. Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathways of the selected DEGs were enriched using Hypergeomeric distribution 
model. In addition, functional similarity network among the enriched pathways was constructed to further analyze 
the collaboration of these pathways. We found 848 down-regulated DEGs were associated with 16 significant dys-
functional pathways, including PPAR signaling fatty acid metabolism, and 1584 up-regulated DEGs were related 
to 6 significant dysfunctional pathways, like cell cycle, protein export, and antigen processing and presentation in 
BC samples. Crosstalk network analysis of pathways indicated that pyruvate metabolism, propanoate metabolism, 
and glycolysis gluconeogenesis were the pathways with closest connections with other pathways in BC. In addition, 
other antigen processing and presentation, including 19 DEGs; PPAR signaling pathway, including 18 DEGs; and 
pyruvate metabolism pathway, including 13 DEGs were further analyzed. Our results suggested that dysfunctional of 
significant pathways can greatly affect the progression of BC. Several significant disorder pathways were enriched in 
our comprehensive study. They may provide guidelines to explore the dysfunctional mechanism of BC progression.
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Introduction

Breast cancer (BC) is one of the most common 
invasive malignancies in the world, and is the 
second leading cause of cancer death among 
women [1]. The incidence of BC is lower in Asia 
than in western countries, such as Europe and 
North America, and it varies four- to five fold 
across countries [2]. The percentage of female 
BC in all new female cancers is 27% in the 
developed countries [3], while the top one 
women malignant tumor both in urban areas 
and in cancer registration areas of China is BC 
[4]. Though the morbidity of BC is rising, the 
death rate of BC in America is declining in 
recent years, possibly in part, due to the 
reduced use of hormone replacement therapy 
[5]. Usually, the breast tumors generated on 
the mammary epithelial cells (MEC), and the 
incidence of BC is higher in pre-menopausal 

and post-menopausal women [6]. Hormone 
therapy, drug therapy, chemotherapy, and bre- 
ast removed operation, are the mainly methods 
for BC treatment. Nevertheless, BC patients 
have an anomalously high rate of relapse after 
long periods of tumor remission [7]. In addition, 
current medical management of BC patients is 
not satisfactory, which has a great impact on 
the female’s life quality suffered from BC and 
places an enormous economic burden on the 
sick patients’ family [8-10].

Lots of reports have been published to investi-
gate the mechanism of progression and relapse 
of BC. It is reported the existence of dangerous, 
tiny metastases such as regional lymph nodes, 
bone marrow, lung, proliferating cells and liver 
remain in the blood may cause the relapse of 
BC, which are under a condition of growth 
restricted and in a clinically undetectable size 
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but can restart growth until transforming event 
occurs [11-13]. Studies demonstrated that 
physical activity is likely to decrease BC risk. 
Multiple interrelated biologic pathways may 
involve in BC including adiposity, sex hormones, 
adipokines, insulin resistance, and chronie 
inflammation [14, 15]. Notch-family members 
have been linked to uPA signaling which were 
demonstrated to reduce cell proliferation and 
invasion of BC cells. Haffty said that the relapse 
endangers of HER-2 in BC is high, and has a 
poor prognosis [16]. In Kent’s study, the HER-2 
receptor pathway could activate AIBI by phos-
phorylation signaling on the development and 
progression of BC [17]. HER-2/ErbB-2 receptor 
(HER-2) signaling pathways can indeed de- 
crease recurrence rates for BC that are charac-
terized by HER-2 overexpression [18]. A correla-
tion between Notch signaling, Hedgehog (Hh) 
pathway, Wnt signaling and the BC recurrence 
has also been suggested.

With the search for BC susceptibility genes 
going at an enormous speed, BC has been 
proved to be a polygenic disease and associat-
ed with multifactor. Two major genes BRCA1 
and BRCA2 are considered to lead to the 
pathology of tissue-specific somatic mutations 
in BC. One of Fanconi Anemia (FA) genes is 
identical to the well-known BC susceptibility 
gene, BRCA2 [19]. Nowadays, lots of research-
es supported that cancers are some kind meta-
bolic diseases, which related to a wide range of 
metabolic disorders [14]. Although disordered 
intermediary metabolism in cancer cells has 
been known for the better part of these 
decades, little attention has been paid to fatty 
acid metabolism. Only Ellen reported the differ-
ences of fatty acid synthesis between cancer 
and normal cells in the vitro setting and in vivo 
of human BC [20]. In some studies, the positive 
association between obesity and BC was also 
found to be independent [21]. In spite of a num-
ber of molecules have been implicated in the 
metastasis of BC, the precise mechanisms of 
how these factors and pathways interact with 
each other are still remain to be established.

Microarray analysis is an effective approach to 
monitor the global alterations of gene expres-
sion and identify pathways that are important 
to BC-developing progress. In this present 
study, microarray analysis was used to monitor 
differential gene expression in BC samples 
compared to the control-group. Comprehensive 
bioinformatics analysis was used to enrich the 

pathways that were closely related to BC, as 
well as the collaboration of dysfunctional path-
ways to provide deeper insight into the biologi-
cal mechanisms of female BC. Using this 
approach, we were able to predict the signifi-
cant pathways that are most likely associated 
with BC and identify the molecular mechani- 
sms that could serve as novel therapeutic 
methods.

Data and methods

Affymetrix microarray data and data prepro-
cessing

The microarray and other forms of high flux 
data produced by scientific communities were 
archived and freely released in the Gene 
Expression Omnibus (GEO) database of NCBI 
[22], which is the biggest completely public 
storage. We extracted the mRNA expression 
profiles from the study of Pau et al [23], which 
were deposited in GEO database (ID: 
GSE15852) based on the Affymetrix Human 
Genome U133A Array. The study contains a 
total of 86 samples of BC, including 43 case-
samples and 43 control-samples that paired 
with the case-samples.

The Robust Multichip Average (RMA) method in 
R software including background adjustment, 
quintile normalization and summarization, was 
used to preprocess the downloaded raw data. 
After the ID (Entrez gene ID) transformation 
between probes and genes, probe mean was 
used as the gene expression value in the case 
of different probes were mapped to the same 
gene. Finally, we constructed the gene expres-
sion spectrum matrix (12633*86), with rows 
delegated by genes and columns delegated by 
samples.

DEGs identification

Differentially expression analysis between the 
case-samples and control-samples were con-
ducted using the double sampling T-test meth-
od [24], and the relevant P-value of each gene 
was collected. The FDR-value was adjusted by 
Benjamin and Hochberg (BH) method based on 
the multtest package, and 0.05 was used as 
the cut-off criterion.

Pathway enrichment analysis

The Kyoto Enrichment of Genes and Genomes 
(KEGG) pathway database contains information 
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of how molecules or genes are networked, 
which is complementary to most of the existing 
molecular biology databases containing the 
information of individual genes [25]. The signifi-
cant functions and pathways of the DEGs were 
analyzed on the hyper-geometric distribution 
KEGG database, which was downloaded from 
the molecular signatures database (MSigDB), 
containing 186 classical pathways and with a 
version number of c2.cp.kegg.v3.0.entrez.gmt 
[26], 0.05 was used as the cut-off criterion of 
FDR-value for the enrichment.

In addition, we supposed N is the total genes in 
KEGG pathways, n is the number of DEGs in 
these pathways, and m stands for the number 
of DEGs in one enriched pathway, and k repre-
sents the number of DEGs in each selected 
pathway.
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Pathway collaboration analysis

The functional similarity network of the enriched 
pathways was constructed to identify the col-
laboration of pathways. Jaccard Index [27] was 
used to calculate the crosstalk between the 
enriched pathways, which is calculated as 
follows:

Jaccard (pathA, pathB)
#union (pathA, pathB)

#intersection (pathA, pathB)
=

Whereas, #intersection (A, B) stands for the 
common gene sets between pathway A and 
pathway B, and #union (A, B) represents the 
union set of genes in pathway A and pathway B.

Results

Screening and functional analysis of DEGs

In order to get DEGs about BC, we obtained 
publicly available microarray dataset GSE- 

this study, we used Hyper-geometric Enrichment 
Analytic method to identify the significant path-
ways in KEGG database. Six significant path-
ways of up-regulated DEGs were enriched, such 
as “cell cycle pathway”, protein synthesis and 
transport related pathway “ribosome”, “protein 
export”, and “antigen processing and presenta-
tion pathway” (Table 1). In addition, we enriched 
16 significant pathways that the down-regulat-
ed DEGs involved in, mainly containing the clas-
sical cell signaling pathway in disorder cancers 
(Table 2).

Pathway collaboration analysis

In order to identify the collaboration of the 
enriched pathways, a functional similarity net-
work was constructed: nodes represent path-
ways, while edges represent the Jaccard value. 
The Jaccard Index was used to calculate the 
crosstalk between pathways, which was ruled 
with two conditions: (1) the Jaccard value of 
genes in the two pathways was over zero, (2) at 
least one DEG was overlapped in the two path-
ways. We got 65 pairs of pathways based on 
the 22 enriched pathways, of which 18 path-
ways had the crosstalk (Figure 1). According to 
the node numbers in the crosstalk network, we 
collected 3 pathways with most close connec-
tions with others, which were pyruvate metabo-
lism (13 nodes), glycolysis gluconeogenesis (12 
nodes) and propanoate metabolism (11 nodes).

Dysfunctional analysis of crucial pathways

To obtain a deep investigation of the dysfunc-
tional mechanism of BC, we further studied the 
function crosstalk network, and found that 
many dysfunctional pathways were involved in 
BC, such as the immuno-inflammatory pathway 
(antigen processing and presentation), the 
classical down-regulated cell signaling pathway 
(PPAR signaling pathway), and the most closely 

Table 1. Pathway enrichment analysis of up-regulated differential genes
Pathway-name #Gene #DEGs P-value FDR
KEGG ribosome 88 40 0 0
KEGG spliceosome 128 50 0 0
KEGG cell cycle 128 31 3.72E-06 0.000231
KEGG protein export 24 10 6.52E-05 0.003032
KEGG Selenoamino acid metabolism 26 9 0.000779 0.028986
KEGG Antigen processing and presentation 89 19 0.001508 0.046747
DEG: Differentially expressed gene; FDR: The False Discovery Rate.

15852 from GEO. A 
total of 2432 DEGs 
were selected with a 
FDR < 0.05, including 
848 down-regulated 
DEGs and 1584 up-
regulated DEGs.

To gain further insights 
into the biological fu- 
nctions and pathways 
of DEGs selected in 
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interacted metabolic pathway (pyruvate meta- 
bolism).

Antigen processing and presentation pathway 
was up-regulated, which contained 19 DEGs, 
such as HSP70, HSP90, TAPBP, and MHC 
(Figure 2, MHC I pathway), while the signaling 
pathway and pyruvate metabolism pathway 
were down-regulated, which containing 18 
DEGs and 13 DEGs respectively. Targets genes 
such as LPL, LEP, PLTP, and PPAR, and tran-
scription factors like PPARγ and RXR were the 
DEGs enriched in signaling pathway (Figure 3), 
Moreover, ACAT1, ALDH2, ACACB, MDH1, and 
PDHA1, were the selected DEGs involved in the 
pyruvate pathway (Figure 4). Additionally, LEP 
was the gene in adipocytokine signaling path-
way and LPL in lipid metabolism pathway.

Discussion

Breast cancer is one of the most common 
malignancies among women, which is second 
only to the metrocarcinoma of all the female 
tumors and being a main threaten to female’s 
health [1, 2]. Most BC cases arising at a young 
age, and to a great extent, it is due to the inheri-
tance of dominant susceptibility genes and 
easy to relapse even after surgery removed of 
the primary tumor [7]. However, investigations 
in histological sections of BC patients, as well 
as clinical statistics, have demonstrated a 

pathway dysfunctional process of BC that 
appears to contribute to the process of BC [28, 
29]. We screened 848 down-regulated DEGs 
and 1584 up-regulated DEGs in the 43 sam-
ples of BC, and they were found mainly function 
in the metabolism, immuno-inflammatory 
response, protein synthesis and transport, and 
signaling related pathways, of which “cell cycle, 
antigen processing and presentation, and ribo-
some” were the up-regulated pathways, while 
“fatty acid metabolism, PPAR signaling path-
way, and adipocytokine signaling pathway” 
were the down-regulated pathways. Besides, 
the 19 up-regulated DEGs in antigen process-
ing and presentation pathway included HSP70, 
HSP90, TAPBP, and MCH. PPAR signaling path-
way included 18 down-regulated DEGs, such as 
PPARγ, RXR, LPL, LEP, and ACS, while 13 down-
regulated DEGs, such as ACAT1, ALDH2, ACACB, 
MDH1, and PDHA1 were in the pyruvate metab-
olism pathway.

The disorder mechanism of pathways in BC 
remains unknown. Glycolysis metabolism is 
very activate in malignant cells, which is called 
the Warburg effect [30], and some glycolysis 
enzymes, like HK-II, LDH, and GAPDH have 
over-expression levels in tumor cells [31]. 
Studies demonstrated that a high rate of glyco-
lytic flux is a central metabolic hallmark of neo-
plastic tumors because glycolysis was utilized 
by cancer cells preferentially to satisfy their 

Table 2. Pathway enrichment analysis of down-regulated differential genes
Pathway-name #Gene #DEGs P-value FDR
KEGG glycolysis gluconeogenesis 62 12 0.000548291 0.007844774
KEGG citrate cycle TCA cycle 32 8 0.000801373 0.010646817
KEGG fatty acid metabolism 42 16 2.71E-09 5.03E-07
KEGG PPAR signaling pathway 69 18 2.40E-07 2.23E-05
KEGG pyruvate metabolism 40 13 7.53E-07 4.67E-05
KEGG propanoate metabolism 33 11 4.13E-06 0.000192151
KEGG valine leucine and isoleucine degradation 44 12 1.56E-05 0.000580369
KEGG butanoate metabolism 34 10 3.95E-05 0.001224683
KEGG adipocytokine signaling pathway 67 14 8.06E-05 0.002140577
KEGG tryptophan metabolism 40 10 0.00017942 0.004171524
KEGG limonene and pinene degradation 10 5 0.00022134 0.004574357
KEGG beta alanine metabolism 22 7 0.000345338 0.005839352
KEGG glyoxylate and dicarboxylate metabolism 16 6 0.000339575 0.005839352
KEGG complement and coagulation cascades 69 13 0.000427426 0.006625096
KEGG lysine degradation 44 9 0.001791461 0.02221412
KEGG glycine serine and threonine metabolism 31 7 0.003196366 0.037157757
DEG: differentially expressed gene; FDR: false discovery rate.
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Figure 1. Collaboration network of pathways. *The up-regulated pathways are marked in red; the down-regulated pathways are marked in blue.
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Figure 2. The antigen processing and presentation pathway. *Genes with red are differentially expressed genes while genes with green are non-differentially ex-
pressed genes.
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Figure 3. The PPAR signaling pathway. *Genes with red are differentially expressed genes while genes with green are non-differentially expressed genes.
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increased energetic and biosynthetic require-
ments [32]. In Gonzalez’s study, the propano-
ate metabolism pathway, which commutated 
with 11 pathways, was most consistently up-
regulated in basal-like residual cancers [33]. In 
this work, we can see from the crosstalk net-
work that the progression of BC were involved 
in multiple function disorders, such as propano-
ate metabolism and glycolysis gluconeogene-
sis pathway, which were not isolated but inter-
acted with each other orderly and syner- 
gistically.

Heat shock protein (HSP) gene, which encodes 
HSP proteins, participating in several biological 
processed, such as the subunit composition, 
protein folding and degradation, and activity 
and function regulation of targeted protein. 
Many reports indicated that HSP was related to 
the proliferation, apoptosis, differentiation, 
immunity, and drug resistance of tumor cells 
[34]. In Jolly’s study, the expression level of 
HSP90 in tumor cells was twice- to ten-fold as 
in normal cells, which indicated HSP90 can 
mediate the invasion and metastasis of tumor 
cells [35]. Besides, HSP70 has the ability to 
enhance the heat resistance and proliferation 
of BC cells [36]. Transporter that associated 
with antigen processing (TAP) gene, can encode 
“the transporter involve in antigen processing” 
proteins [37]. The high expression level of TAP 
mRNA could contribute to the processing and 
presenting to the cell surface of tumor anti-
gens, so as to be recognized and killed by the T 
lymphocytes [38]. In recent years, some re- 
searchers have pointed out that the decreased 
expression of cell histocompatibility complex 
(MHC) antigen is an important mechanism for 
tumors escaping the body immune surveillance 
[39]. In Zuo’s study, the down-regulated expres-
sion of MCH I antigen was found on the surface 
of many human malignancies, which indicated 
its relationship with tumor progression and 
exacerbation [40]. Janice said that T cells could 
recognize the antigen-presenting cells depend-
ing on their expression of a spectrum of pep-
tides bound to major MHC I molecules [41]. 
Also, Harumichi and his colleagues proved the 
inflammatory cytokines TGF-βplayed an impor-
tant role in the generation of effector and mem-
ory CD8+ T cells [42]. On the basis of our 

research, both HSP70 and HSP90 were genes 
in the MHC I pathway, and the up-regulated 
expression of HSP70 and HSP90 may indicate 
that HSP70 plays a role in preventing the BC 
progress, while HSP90 contributes to the BC 
developing via MHC I pathway.

1-Aminocyclopropane-1-carboxylate synthase 
(ACS) gene is involved in fatty acids synthesis. A 
biologically aggressive of human BC and other 
malignancies is characterized by elevated fat-
ty-acid synthase enzyme expression and ele-
vated fatty acid synthesis [43]. Leptin (LEP) is a 
gene associated with obesity, which is signifi-
cantly down-regulated in BC tumors. The asso-
ciation between obesity and BC has been 
reported in recent years. Compared to obese 
female before menopause, obese females 
after menopause have a higher risk of develop-
ing BC. LEP act as cell growth regulator in 
breast tumor-genesis pathways [44]. Another 
fatty acid and lipid associated gene, lipoprotein 
lipase (LPL), can encode the regulator protein 
LPL. Reports have demonstrated that LPL defi-
ciency could prevent the breakdown of lipid and 
result in its accumulation in the blood. In addi-
tion, LPL gene was observed in BC, prostate 
cancer, and B-cell chronic lymphocytic leuke-
mia [45-47]. Peroxisome proliferators-activat-
ed receptor-gamma (PPARγ), which is a ligand 
dependent type nuclear transcription factor, is 
a member of the nuclear hormone receptor 
superfamily. Only combined with retinoid X 
receptor (RXR), which was another nuclear hor-
mone receptor superfamily member, could 
transcription factor PPARγ recognize the target 
genes by the combination with product hetero-
geneous dimer PPARγ/RXR [48]. Researches 
showed that PPARγ expressed in many kinds of 
tumor tissues, and had the ability to inhibit the 
proliferation of malignant cells after being acti-
vated by the ligand, such as human BC, pros-
tatic cancer, and lung cancer [49]. Brockmann 
proved that the growth inhibition of PPARγ 
ligand for tumor cells is mediated by the PPARγ 
pathway [50]. In this work, from the PPAR sig-
naling pathway, we can see that the expression 
level of LEP in adipocytokine signaling pathway 
and LPL in lipid metabolism pathway were both 
down-regulated, which suggested the two DEGs 
may be crucial in suppressing the tumor cell 

Figure 4. The pyruvate metabolism pathway. *Genes with red are differentially expressed genes while genes with 
green are non-differentially expressed genes.
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proliferation. Down regulation of LPL and LEP 
may contribute the propagation of tumor cells 
in BC.

ACACB (Acetyl Coenzyme A carboxylase β), a 
down-regulated gene in pyruvate metabolism 
pathway, is the rate-limiting enzyme and key 
regulator in fatty acid oxidation pathway [51]. 
Acyl-CoA cholesterol acyl transferases-1 (AC- 
AT1) is a key protein that regulates the choles-
terol metabolism balance, playing a crucial role 
in the absorption, transportation and storage of 
cholesterol in body [52], also is the main exis-
tence form in mononuclear macrophages [53]. 
ACTC1 and ACTC2 were the two types of ACTC. 
Mononuclear macrophage is a cell that has the 
ability to hematopoiesis, and can stimulate the 
proliferation, differentiation and functional 
activity of neutrophils, monocytes and macro-
phages, mainly being used in the granulocyto-
penia caused by the tumor chemotherapy [54]. 
A high mRNA expression level of ACTC1 will 
lead to the increase of cholesteryl-ester syn-
thesis in cells [55]. In Chinetti’s study, PPARγ 
with activated ligand can descend the mRNA 
and protein expression level of ACAT1 in human 
macrophages to inhibit the progression of BC 
[56]. The down-regulated expression of ACAT1 
gene and ACACB was observed in our analysis 
results, this phenomenon may illustrate both 
the two genes play a key role in inhibiting the 
BC progress. Besides, pyruvate metabolism 
pathway may have a close relationship with 
PPAR signaling pathway in BC regulating.

To sum up, pyruvate metabolism pathway and 
PPAR signaling pathway with down-regulated 
DEGs, and the antigen processing and presen-
tation pathway with up-regulated DEGs were 
the dysfunctional pathways that involved in BC. 
Although their role is different, they function on 
the BC progression together somehow. Our 
study provides a basis for future experiments of 
human BC that may enhance our understand-
ing of the pathogenesis of BC. However, further 
experiments are still needed to confirm our 
study.
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