
Cancer Genetics 239 (2019) 62–74 

Contents lists available at ScienceDirect 

Cancer Genetics 

journal homepage: www.elsevier.com/locate/cancergen 

Original Article 

Transcriptomics-based screening of molecular signatures associated 

with patients overall survival and their key regulators in subtypes of 

breast cancer 

Elaheh Eskandari a , b , Jamshid Motalebzadeh 

a , b , ∗

a Department of Clinical Genetics, Institute of Medical Biotechnology, National Institute of Genetic Engineering and Biotechnology (NIGEB), Tehran, Iran 
b Medical Informatics and Genetics Center (MedInfoGene), Tehran, Iran 

a r t i c l e i n f o 

Article history: 

Received 8 April 2019 

Revised 18 August 2019 

Accepted 15 September 2019 

Keywords: 

Breast cancer subtypes 

Molecular signature 

Prognosis 

Gene regulatory network 

Transcription factors 

Micro-RNAs 

a b s t r a c t 

Molecular subtypes of breast cancer are associated with differences in prognosis and strategies of molec- 

ular targeted therapies. Gene regulatory mechanisms as one of the reasons might modulate these differ- 

ences. In the present study, we proposed a comprehensive data analysis and systems biology approach 

to explore molecular signatures which reduce the chance of patients overall survival and the possible 

mechanisms of their regulation by transcription factors (TFs) and microRNAs (miRNAs) in the main sub- 

types of breast tumor consist of Basal like, Her2 enriched, Luminal A and Luminal B breast cancer. In this 

regards, we used available microarray datasets to assess common differentially expressed genes (DEGs) 

in breast cancer subtypes. Using Kaplan-Meier curve analysis we identified common DEGs which are as- 

sociated with decreasing in the overall survival of breast cancer patients. Furthermore, gene regulatory 

networks (GRNs) were depicted based on TFs and miRNAs with interest target genes. Then GRNs were 

analyzed and using five algorithms (Control centrality, Betweenness, Degree, Classification, and MCDS) 

the key regulators were identified for each subtype. In this study, we highlighted mechanisms underlying 

the regulation of breast cancer molecular signatures by TFs and miRNAs which their alteration reduce the 

chance of survival rate in each subtype of breast cancer. Our current study in a holistic insight revealed 

the importance of some genes and their regulators as potential prognostic markers and/or therapeutic 

targets in breast cancer patients. 

© 2019 Elsevier Inc. All rights reserved. 
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Introduction 

Breast cancer as one of the leading cause of cancer morbid-

ity and mortality among women is a heterogeneous disease with

many distinct biological differences comprised different clinical

outcomes, different responses to the therapies, tumor relapse and

patients’ survival rate [1 , 2] . Due to the importance of progno-

sis and targeted therapies, molecular subtypes of breast cancer is

known as one of the most important classifications of this ma-

lignancy [3 , 4] . According to the molecular subtypes, breast cancer

is divided into four main groups comprised of Luminal A (LuA),

Luminal B (LuB), Her2 enriched (Her2) and Basal like (BL) sub-

types. Each subtype has distinct characteristics which are briefly

described in the following part. 

Both LuA and LuB breast cancer represent positive expression

of ER and PR receptors in the cells. LuB tumor compared to the
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uA shows positive expression of Her2 receptor, high expression in

i-67 gene, and high grade of tumor cells [5] . These breast cancer

ubtypes are well responded to hormone therapy. Her2 breast can-

er is identified according to the negative expression of ER and PR

ut positive expression of Her2 receptor. This type of breast cancer

as high grade and grows faster than luminal subtypes and may

ave a worse prognosis [6] . Molecular targeted therapy using her-

eptin is an appropriate treatment for Her2 breast cancer. BL sub-

ype of breast cancer is known based on lack or low expression of

R, PR and Her2 receptors in the cancer cells [7] . This subtype of

reast cancer has high grade with a larger size of tumor [8] . There

s no suitable targeted therapy for BL, thus identification of molec-

lar targeted therapies for this subtype of breast cancer is known

s a crucial strategy for the patients treatment. 

The mechanisms of gene regulation in cancer have been a con-

roversial topic during the last decades. The clear role of regula-

ory elements in cancer is largely unknown, especially, it is not

ompletely understood how micro-RNAs (miRNAs) and transcrip-

ion factors (TFs) regulate and influence cancer related processes

9] . TFs and miRNAs are known as two crucial gene regulatory fac-

https://doi.org/10.1016/j.cancergen.2019.09.004
http://www.ScienceDirect.com
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Table 1 

Microarray datasets used in this study to achieve DEGs, DETFs, and DEmiRs in each subtype of breast cancer. 

GEO Accession Author Platform NO. Used Samples 

GSE10886 Parker JS [13] Agilent Human 1A Oligo UNC custom 

Microarrays 

Normal: 7 

BL: 11 

Her2: 12 

LuA: 40 

LuB: 13 

GSE26304 Muggerud AA [14] Agilent-012391 Whole Human 

Genome Oligo Microarray G4112A 

(Probe Name version) 

Normal: 6 

BL: 20 

Her2: 16 

LuA: 24 

LuB: 30 

GSE59246 Lesurf R [15] Agilent-028004 SurePrint G3 Human 

GE 8 × 60 K Microarray (Feature 

Number version) 

Normal: 3 

BL: 16 

Her2: 17 

LuA: 32 

LuB: 21 

GSE58606 Matamala N [16] miRCURY LNA microRNA Array 7th 

generation - human, mouse & rat 

[product# 208502] (miRBase 18.0) 

Normal: 11 

BL: 31 

Her2: 27 

LuA: 31 

LuB: 33 

GSE97811 Hironaka- 

Mitsuhashi A 

[17] 

3D-Gene Human miRNA V21_1.0.0 Normal: 6 

BL: 7 

Her2: 4 

LuA: 20 

LuB: 12 
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ors in the cells. Many studies have highlighted the significant role

f TFs and miRNAs in the initiation and progression of cancer. In

ddition, several TFs and miRNAs were known to be differentially

xpressed in different types of cancer compared to the normal

ells. Effective treatment of cancer may require a systemic under-

tanding of genomic regulators and identifying the gene regulatory

etworks (GRN) involved in TFs and miRNAs in cancer helps us

o find an effective strategy for cancer molecular targeted therapy

10] . However, systematically identification of the molecular inter-

ctions by experimental methods is time consuming, difficult and

xpensive. Therefore, it is valuable to develop computational ap-

roaches capable to identify such GRNs. 

Alteration in the level of the gene regulatory elements in the

ell may result in changes in the level of the genes transcription

nd induces some abnormalities. Many biological researches re-

uire GRNs to provide clear insight and understanding of the cel-

ular process in living cells due to the interactions between genes

nd their products which play an important role in many molec-

lar processes [11] . It is known that alteration in gene regulation

nduces changes in normal cell function that lead to the progres-

ion of pathogenesis in cancer. GRN can act as a blueprint for the

esearchers to observe the relationships among genes, so under-

tanding the GRN by TFs and miRNAs will shed light on the mech-

nisms of cancer development and progression [12] . 

There are some studies in which the GRN in breast cancer was

iscussed. However, to the best of our knowledge, there is no com-

rehensive study that highlights the GRNs for the molecular sig-

atures as prognostic markers which are associated with overall

urvival for each molecular subtype of breast cancer using a robust

omputational approach. Our approach allows a deeper level of un-

erstanding of gene regulatory mechanism of molecular signatures

ssociated with overall survival by TFs and miRNAs in breast can-

er. Finally, we highlighted the key regulators in each subtype of

reast cancer. In our current study, we aimed to explore a GRN for

ach subtype of breast cancer which would be useful for clinical

nd pathological research in breast cancer. 

In this study, we used five microarray datasets in patients with

reast cancer to assess differentially expressed genes (DEGs), dif-

erentially expressed transcription factors (DETFs) and differentially

xpressed miRNAs (DEmiRs) which are involved with each sub-
ype of breast cancer. Afterward, we selected common DEGs with

otential as prognostic markers for each subtype. Then we de-

icted GRNs for the candidate prognostic markers using acquired

ETFs and DEmiRs. Thereafter, we revealed the architecture and

eatures of the GRNs based on DETFs, DEmiRs and their target

enes (the candidate prognostic markers) to find the key regula-

ors. The workflow of our study is depicted in Fig. 1 . 

aterials and methods 

ata collection and microarray data analysis to identify common 

EGs 

We searched for the datasets involved with gene expression

ata for each subtype of breast cancer in GEO database ( https:

/www.ncbi.nlm.nih.gov/gds/ ) and ArrayExpress ( https://www.ebi.

c.uk/arrayexpress/ ). In this regards, three independent breast can-

er tissue microarray datasets for mRNA expression with patients

athological information were downloaded. All datasets and sam-

les comprised breast cancer cell lines, patients with neoadju-

ant therapy, patients without necessary clinical data and hered-

tary breast cancer patients were excluded from the study. In this

ay, we selected three reliable microarray datasets with sufficient

umber of sample size. All selected datasets were based on Agi-

ent platform included GSE10886, GSE26304, and GSE59246 which

ere shown in Table 1 . Tumor samples were classified into four

roups consist of BL, Her2, LuA and LuB subtypes of breast can-

er. Totally 252 breast tumor samples containing each subtype

f breast cancer were analyzed for screening DEGs. Details of all

atasets and the number of patients involved in each subtype of

reast cancer were mentioned in Table 1 . To identify DEGs involved

ith breast cancer subtypes, we compared the gene expression

f each subtype of breast tumor samples with breast normal tis-

ues. In this regards, each dataset was analyzed separately using

imma package in R to assess DEGs. Genes with |FC| > 1.5 and p -

alue < 0.05 were selected as meaningful DEGs in each dataset.

e selected all common DEGs in each subtype and afterward, we

nalyzed each common DEG for its association with patients over-

ll survival rate. 

https://www.ncbi.nlm.nih.gov/gds/
https://www.ebi.ac.uk/arrayexpress/
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Fig. 1. The workflow and analysis steps. 
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Patients overall survival rate analysis to identify molecular signatures 

Using Kaplan-Meier curve we estimated each common DEG

with potential as a prognostic marker for breast cancer subtypes.

We used KM-plotter web-based tool [18] which had high through-

put data from 5143 breast cancer patients to acquire the associa-

tion of each DEG with breast cancer patients survival rate. All pa-

tients were classified into four main breast cancer subtypes and

then, we performed overall survival rate analysis using Kaplan-

Meier curve for each common DEG. In this way, all common DEGs

were tested for their association with patients survival rate in each

breast cancer subtype. We selected all common up-regulated DEGs

with HR > 1 and p -value < 0.05, and also all down-regulated DEGs

with HR < 1 and p -value < 0.05 for each subtype of breast cancer.

In this regards, we selected all common DEGs (Up/Down-regulated

genes) which changes in their expression are associated with a

lower chance of the patients to be survived in each breast cancer

subtype. In other words, we selected common DEGs which were

negatively associated with overall survival rate for each subtype of

breast cancer. We used these candidate prognostic markers for the

construction of the GRN for each breast cancer subtype. 

Identification of DEmiRs and their target genes 

Two miRNA expression datasets consist of GSE97811 and

GSE58606 were downloaded from GEO database and analyzed us-

ing limma package in R. Both datasets are shown in Table 1 . Sim-

ilar to the identification of DEGs, DEmiRs expression comparison

was performed between each breast cancer subtype with breast

normal tissues. miRNAs with |FC| > 1.5 and p -value < 0.05 were se-
ected as candidate DEmiRs. To identify DEmiRs target genes, miR-

et web base tool was utilized [19] . We used all experimental ev-

dence for identification of miRNAs target genes. In this way, we

dentified RNA-RNA interactions between DEmiRs and interest tar-

et genes, which were identified as prognostic markers and DETFs,

ased on experimental evidence for each breast cancer subtype. 

dentification of DETFs and their target genes 

TFs with |FC| > 1.5 and p -value < 0.05 were selected as DETFs

n each subtype of breast cancer. To identify TFs target genes we

tilized ChEA and TRANSFAC databases [20] which are based on

xperimental evidence for identification of TFs target genes. These

atabases utilized ChIP-X methods to identify the interactions be-

ween TFs and the target genes. A p -value less than 0.05 was con-

idered as significant. Therefore, we identified Protein-DNA interac-

ions between the candidate prognostic markers and DETFs based

n experimental evidence for each breast cancer subtype. To iden-

ify the interaction between DETFs and DEmiRs we used Transmir

atabase [21] which is designed based on experimental evidence. 

ene regulatory network construction and the network analyzing 

GRNs based on DETFs, DEmiRs and their target DEGs for each

ubtype were constructed and visualized in Cytoscape3.4.0 soft-

are. Constructed networks were analyzed using Centiscape [22] ,

ytoCtrlAnalyser [23] , and MCDS [24] plugins. We used nodes

egree, betweenness, classification, control centrality, and MCDS

Minimum Connected Dominating Set) algorithms to find each
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Fig. 2. Basal like potential prognostic markers. (A) Heatmap shows the patterns of gene expression for common DEGs in three used datasets. In this figure up-regulated 

genes are shown at the top and down-regulated genes are shown at the beneath them. (B) We portrayed a forest plot to show the overall burden of HR for common DEGs 

from 879 BL patients in KM-plotter. 
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RN key regulators. Node degree is determined based on the num-

er of other nodes that are directly connected to a node [22] .

he betweenness of a node measures the number of regulators

hat control a node over the interactions in the whole GRN [25] .

he node classification was used to identify the controllability of

 node in the GRN. The classification for a node is defined as "in-

ispensable", "neutral" or "dispensable" which are correlated with

ncreasing, no effect or decreasing the number of the minimum

umber of driver nodes needed to control the network when a

pecific node is absent [26] . The control centrality quantifies a

ode ability in controlling the whole GRN which shows the power

f a node in controlling the whole network [27] . MCDS classifies a

ode as "dominator", "connector" or "none". A dominator node is a
ode that provides full control over the GRN. A connector is a node

hich connects the dominators in the GRN [24] . We also used

Olorize plugin of Cytoscape [28] and PANTHER database [29] to

ttain the interest genes ontology (GO) involved in the constructed

RNs with considering p -value level less than 0.05. 

rotein-Protein interaction network 

We utilized STRING database ( https://string-db.org/ ) to assess

he possible protein-protein interactions (PPIs) among the ele-

ents of each GRN. In this database, we used experimentally de-

ermined interaction with score more than 0.4 and then the results

ere shown in Cytoscape software. 

https://string-db.org/
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Fig. 3. Her2 enriched potential prognostic markers. (A) Heatmap shows the patterns of gene expression for common DEGs in three used datasets. (B) Forest plot indicates 

the overall burden of HR for these common DEGs from 335 Her2 patients in KM-plotter. 
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Results 

Common DEGs involved in each subtype of breast cancer 

To reach a set of common DEGs involved in each subtype

of breast cancer we performed expression data analysis of 252

tumors integrating mRNA expression profiles of three available

datasets. According to our criteria, DEGs were divided into Up-

or Down-regulated genes. In this regards, we found 541, 858, 710

and 948 common DEGs in BL, Her2, LuA and LuB breast cancer re-

spectively. Meanwhile, in BL a list of 253 DEGs were up-regulated

and 288 DEGs were down-regulated. Also, in Her2 breast can-

cer tumors we found 402 common up-regulated and 456 com-

mon down-regulated DEGs compared to the normal tissues. Subse-
uently, in LuA and LuB breast cancer patients we found 265 and

63 common DEGs which were up-regulated and a total of 445

nd 585 common down-regulated DEGs respectively. 

olecular signatures as potential prognostic markers for subtypes of 

reast cancer 

Using patients survival analysis from 5143 breast cancer pa-

ients we highlighted all common DEGs which were negatively as-

ociated with overall survival of breast cancer subtypes. Alteration

n the expression of these genes exerts a reduction in overall sur-

ival of the patients. Therefore, the expression levels of these genes

re considered as potential prognostic markers for each subtype of

reast cancer. 
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Fig. 4. Luminal A potential prognostic markers. (A) Heatmap shows the patterns of gene expression for common DEGs in three used datasets. (B) Forest plot shows the 

overall burden of HR for common DEGs from 2504 LuA patients in KM-plotter. 
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otential prognostic markers for Basal like subtype 

Analysis of the association of common DEGs with BL breast

ancer patients survival rate showed a list of 75 DEGs consid-

red as potential prognostic markers for this type of breast cancer.

mong these genes, 30 DEGs were up-regulated with HR > 1 and

5 DEGs were down-regulated with HR < 1 in BL breast cancer pa-

ients. In Fig. 2 , FC in three datasets and HR for these genes are

ndicated. 

otential prognostic markers for Her2 enriched subtype 

Common DEGs of Her2 subtype showed a list of 69 DEGs with

rognostic potential for this type of breast cancer. Among these

enes, 23 DEGs were up-regulated with HR > 1 and 46 DEGs were
own-regulated with HR < 1 in Her2 breast cancer patients. In

ig. 3 , FC and HR for these genes are indicated. 

otential prognostic markers for Luminal A subtype 

The association of common DEGs with survival rate of LuA

reast cancer showed 291 DEGs with prognostic importance in this

ubtype of breast cancer. In this regards, we found 42 up-regulated

EGs with HR > 1 and 249 down-regulated DEGs with HR < 1 in

uA subtype. In Fig. 4 , FC and HR for the mentioned genes are il-

ustrated. 

otential prognostic markers for Luminal B subtype 

LuB patients survival rate analysis showed a list of 293 DEGs

s potential prognostic markers which comprised 92 up-regulated
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Fig. 5. Luminal B potential prognostic markers. (A) Heatmap shows the patterns of gene expression for common DEGs in three used datasets. (B) Forest plot shows the 

overall burden of HR for these common DEGs from 1425 LuB patients in KM-plotter. 
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DEGs with HR > 1 and 201 down-regulated DEGs with HR < 1 in

this subtype of breast cancer patients. FC and HR for these genes

are shown in Fig. 5 . 

Comparison of the prognostic markers among the subtypes of breast 

cancer 

In Fig. 6 A venn diagram was depicted to show comparison

of the prognostic markers in each subtype of breast cancer. In

this regards, we found 5 common prognostic markers among the

subtypes of breast cancer. These common prognostic markers are

MEOX1, FIGF/VEGF-D, PPAP2B/LPP3, RNF186, and CSN2. The prog-

nostic value of MEOX1 [30] , FIGF [31] and PPAP2B [32] have been
eported in breast cancer. RNF186 has a role in apoptosis and in-

ammation of cells. Besides, a higher expression level of RNF186

nduces ER stress and impairs insulin signaling pathway [33] . CSN2

ene up-regulation leads to chromosome instability in cells and

an lead to VEGF production [34] . 

etwork characteristics 

Based on DETFs, DEmiRs and their targets as prognostic markers

or each subtype of breast cancer we constructed four GRNs. In our

tudy, BL subtype had 16 DETFs and 173 DEmiRs as regulators of

he GRN which were complicated with this subtype. We found 13

ETFs and 130 DEmiRs for Her2 patients. We also found 40 DETFs
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Fig. 6. Venn diagrams indicate for comparison of the prognostic markers, regula- 

tors and the key regulators among the subtypes of breast cancer. (A) Comparison of 

the candidate prognostic markers in GRNs among BL, Her2, LuA and LuB subtypes. 

As shown there are 5 common DEGs and 35, 30, 150 and 138 specific DEGs for 

BL, Her2, LuA, and LuB respectively. (B) Comparison of the regulators (DETFs and 

DEmiRs) in GRNs among BL, Her2, LuA, and LuB subtypes. As shown there are 38 

common regulators and 35, 31, 96 and 77 specific regulators for BL, Her2, LuA, and 

LuB respectively. (C) Comparison of the key regulators (DETFs and DEmiRs) in GRNs 

among BL, Her2, LuA, and LuB subtypes. 
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nd 259 DEmiRs in patients with LuA breast cancer. In addition,

uB subtype comprised of a list of 30 DETFs and 250 DEmiRs. In

his regards the depicted GRNs for BL, Her2, LuA and LuB respec-

ively comprised 630, 504, 3498 and 2922 interactions. 

etwork GO analysis 

Analysis of the gene ontology (GO) showed similar results for

uA and LuB, however, BL and Her2 subtypes showed different

esults. In this regards, GO analysis of the candidate prognostic

arkers for LuA and LuB subtypes showed multicellular organism

evelopment, developmental process and system development as

he most significant biological process. GO analysis for prognostic

arkers of BL subtype showed regulation of gene expression, regu-

ation of macromolecule biosynthetic process, regulation of cellular

rocess. Besides, Her2 subtype GO analysis showed regulation of

hemotaxis, regulation of cell migration, regulation of cellular com-

onent movement as the most significant biological process for the

andidate prognostic markers. 

egulators of the candidate prognostic markers in each subtype of 

reast cancer 

Comparison of the regulators among the subtypes of breast can-

er showed a list of 38 common regulators for these subtypes.

e found all intersected regulators among the subtypes which are

hown in Fig. 6 B. Next, we analyzed each subtype to find the key

egulators. In this way, we found 9, 6, 9, and 14 key regulators

onsist of DETFs and DEmiRs for BL, Her2, LuA, and LuB subtypes

espectively. In Fig. 7 A–D we depicted all interactions which are

omplicated with the key regulators in each GRN. The overlapped

ey regulators among BL, Her2, LuA and LuB subtypes are shown

n Fig. 6 C. 

asal like key regulators 

Using Centiscape, CytoCtrlAnalyser and MCDS plugins we found

 out of 16 DETFs as key regulators in BL subtype comprised

MGA1, STAT3, WT1, TP63, and FOXM1. Among these DETFs,

MGA1, WT1, and FOXM1 were up-regulated and STAT3 and TP63

ere down-regulated. Regarding to DEmiRs we found mir-19a-

p, mir-106b-5p, mir-20a-5p, and mir-17–5p as key DEmiRs which

ere up-regulated in the depicted GRN ( Fig. 7 A). Results of the

RN analysis for these TFs and DEmiRs are shown in Table 2 . 

er2 enriched key regulators 

We found 4 DETFs comprised SMAD4, WT1, STAT3, and TFAP2C

s key regulators for Her2 enriched depicted GRN. SMAD4, STAT3,

nd TFAP2C were down-regulated and WT1 was up-regulated in

er2 breast cancer subtype. Regarding DEmiRs we found mir-335-

p and mir-106b-5p as key DEmiRs in the aforementioned GRN

hich were down-regulated and up-regulated respectively in Her2

reast cancer ( Fig. 7 B). The key regulators criteria were shown in

able 3 . 

uminal A key regulators 

Among 40 DETFs in LuA we found 5 DETFs comprised TFAP2A,

CF4, FOXA1, TP53, and AR as key regulators in this subtype. TCF4

nd TP53 were down-regulated and TFAP2A, FOXA1and AR were

p-regulated in LuA breast cancer subtype. Regarding to DEmiRs

e found mir-335-5p, mir-16-5p, mir-92a-3p and mir-93-5p as key

EmiRs. Among these miRNAs, mir-16-5p and mir-93-5p were up-

egulated and mir-335-5p and mir-92a-3p were down-regulated in

reast cancer LuA subtype ( Fig. 7 C). The criteria for these TFs and

EmiRs are shown in Table 4 . 
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Fig. 7. GRNs involved with the key regulators and their target genes in each subtype. (A) All interactions which are complicated with the key regulators in BL subtype. BL 

key regulators are complicated with 58% of all interactions in the whole GRN. (B) All interactions which are complicated with the key regulators in Her2 subtype. Her2 

key regulators are complicated with 59% of all interactions in the whole GRN. (C) All interactions which are complicated with the key regulators in LuA subtype. LuA 

key regulators are complicated with 70% of all interactions in the whole GRN. (D) All interactions which are complicated with the key regulators in LuB subtype. LuB key 

regulators are complicated with 77% of all interactions in the whole GRN. (Circular nodes: DEGs; Diamond nods: DETFs; Triangle nodes: DEmiRs; Solid line: Protein-DNA 

interaction; Dash line: RNA-RNA interaction; Red color: Up-regulated genes; Blue color: Down-regulated genes). (For interpretation of the references to color in this figure 

legend, the reader is referred to the web version of this article.) 

Table 2 

Basal like subtype GRN analysis results based on seven parameters. 

Regulators name Expression pattern Control centrality Betweenness Out degree In degree Classification MCDS 

HMGA1 Up 9 1970.25 17 28 Indispensable Dominator 

STAT3 Down 8 2548.87 26 25 Indispensable Dominator 

WT1 Up 8 1043.95 25 10 Indispensable Connector 

TP63 Down 8 1618.41 25 3 Indispensable Connector 

FOXM1 Up 7 957.3 27 5 Indispensable Dominator 

mir-19a-3p Up 10 0 5 0 Neutral None 

mir-106b-5p Up 9 0 9 0 Neutral None 

mir-20a-5p Up 9 0 9 0 Neutral None 

mir-17-5p Up 9 0 9 0 Dispensable None 
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Table 3 

Her2 enriched subtype GRN analysis results based on seven parameters. 

Regulators name Expression pattern Control centrality Betweenness Out degree In degree Classification MCDS 

SMAD4 Down 7 1279.70 19 24 Indispensable Dominator 

WT1 Up 6 714.39 23 8 Indispensable Dominator 

STAT3 Down 5 1221.58 27 17 Indispensable Dominator 

TFAP2C Down 4 352.44 14 4 Indispensable Connector 

mir–335–5p Down 5 0 13 0 Neutral None 

mir-106b-5p Up 8 0 9 0 Dispensable None 

Table 4 

Luminal A subtype GRN analysis results based on seven parameters. 

Regulators name Expression pattern Control centrality Betweenness Out degree In degree Classification MCDS 

TFAP2A Up 25 4371.67 83 19 Indispensable Connector 

TCF4 Down 25 3645.63 145 14 Indispensable Connector 

FOXA1 Up 25 3063.55 82 15 Indispensable Connector 

TP53 Down 25 8159.45 92 34 Indispensable Dominator 

AR Up 25 6135.09 146 20 Indispensable Dominator 

mir–335–5p Down 26 0 74 0 Neutral None 

mir–16–5p Up 26 0 36 0 Neutral None 

mir-92a-3p Down 26 0 22 0 Neutral None 

mir–93–5p Up 26 0 35 0 Neutral None 

Table 5 

Luminal B subtype GRN analysis results based on seven parameters. 

Regulators name Expression pattern Control centrality Betweenness Out degree In degree Classification MCDS 

WT1 Up 14 3500.35 88 15 Indispensable Connector 

RELA Down 14 2805.65 48 12 Indispensable Connector 

FOXM1 Up 14 2138.64 76 10 Indispensable Connector 

ETS2 Down 14 2937.69 36 10 Indispensable Connector 

FOXA1 Up 14 3577.05 54 11 Indispensable Connector 

AR Up 14 5482.99 105 17 Indispensable Connector 

SMAD2 Down 14 4274.7 53 23 Indispensable Dominator 

TCF4 Down 14 3785.55 105 10 Indispensable Dominator 

SMAD4 Down 14 5690.66 102 28 Indispensable Dominator 

BACH1 Down 14 5271.40 46 26 Indispensable Dominator 

mir-26b-5p Up 15 0 44 0 Neutral None 

mir–16–5p Up 15 0 29 0 Neutral Dominator 

mir-20a-5p Up 15 0 27 0 Dispensable None 

mir–186–5p Up 15 0 20 0 Neutral None 
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uminal B key regulators 

In addition we found 10 DETFs consist of WT1, RELA, FOXM1,

TS2, FOXA1, AR, SMAD2, TCF4, SMAD4, and BACH1 as key regula-

ors for LuB subtype. Among these TFs SMAD4, TCF4, BACH1, RELA,

MAD2, and ETS2 were down-regulated and AR, WT1, FOXM1

nd FOXA1 were up-regulated in LuB breast cancer. Regarding to

EmiRs we found mir-26b-5p, mir-16-5p, mir-20a-5p and mir-186-

p as key DEmiRs which were up-regulated in the aforementioned

RN ( Fig. 7 D). The criteria for these TFs and DEmiRs are shown in

able 5 . 

rotein–protein interactions 

Protein-Protein Interactions among the elements of each GRN

howed some protein complexes particularly in LuA and LuB sub-

ypes. PPI networks for LuA and LuB were shown in Fig. 8 . As

hown in this figure, CTNNB1 was known as a hub node for both

PI networks. According to the used algorithm, which was based

n experimentally determined interaction with score more than

.4, we found no remarkable PPI network for Her2 and BL sub-

ypes. 

iscussion 

Main subtypes of breast cancer are currently defined by a

ombination of morphologic, genomic, and proteomic charac-

eristics. Breast cancer is highly heterogeneous disease which
as different risk factors, clinical presentation, histopatho-

ogic characteristics, clinical outcome and response to systemic

reatments [35] . 

There are many layers of gene regulation in the cells. Transcrip-

ion factors (TFs) and microRNAs (miRNAs) are considered as two

lements of the best-studied genes regulatory mechanisms [36] .

he mechanisms of gene regulation during development and pro-

ression of breast cancer is known as a concern among oncologists

ecause gene regulation process is likely comprised of complex ge-

etic interactions. Due to this complexity, computational studies

sing bioinformatics and systems biology approaches have been

one to construct GRNs for various kind of cancer such as breast

ancer [37] . GRNs indicate the regulatory relationships among the

enes and therefore are necessary to understand gene regulatory

echanisms. 

This study aimed to deepen our understanding of gene reg-

latory mechanisms of breast cancer molecular signatures which

heir alteration reduce the chance of survival rate for patients in

ach subtype of breast cancer. In this regards, three mRNA mi-

roarray datasets were analyzed to reach a list of common DEGs

hich were complicated with each subtype of breast cancer. We

hen tested each common DEG for its association with patients

urvival rate. Using Kaplan–Meier curve analysis the association

f common DEGs with patients survival rate for each subtype

f breast cancer was assessed. Therefore, we highlighted a list

f prognostic markers for each subtype of breast cancer which

p- or down-regulation in these genes reduce the overall sur-
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Fig. 8. PPIs between the elements of LuA and LuB GRNs. (A) PPIs for LuA subtype which shows CTNNB1 and JUN as two down-regulated hubs in this network. (B) PPIs 

for LuB subtype which shows CTNNB1 as a hub. (Circular nodes: DEGs; Diamond nods: DETFs; Red color: Up-regulated genes; Blue color: Down-regulated genes). (For 

interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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vival rate of the patients. Furthermore, we depicted a GRN for

each subtype and analyzed the GRN to find the key regulators.

Thus, we elucidated the possible regulatory mechanisms of the

candidate prognostic marker in each subtype of breast cancer. GO

analysis for candidate prognostic markers showed regulation of

gene expression, regulation of macromolecule biosynthetic process,

regulation of cellular process were known as the main biologi-

cal process for BL subtype. The most significant biological pro-

cess for candidate prognostic marker of Her2 subtype were reg-

ulation of chemotaxis, regulation of cell migration, regulation of

cellular component movement. We also found multicellular or-

ganism development, developmental process and system develop-

ment as the most significant biological process for both luminal

subtypes prognostic markers that indicated similar biological pro-

cess which are complicated with LuA and LuB subtypes of breast

cancer. 
Next, we decided to consider only experimentally validated

ETFs-DEmiRs-DEGs of interest interactions to construct the GRN.

sing bioinformatics and systems biology approaches, and based

n experimental evidence, we constructed GRN for each subtype

ased on DETFs and DEmiRs with their target genes to elucidate

he regulatory mechanism of candidate prognostic markers by TFs

nd miRNAs. Then, using robust approaches and algorithms we an-

lyzed each GRN to find the key regulators. There are many stud-

es on the alteration of these key regulators in breast cancer. In the

ollowing part, we will discuss our finding with some of the other

tudies. 

In our current study, we found 9 key regulators for Basal like

ubtype comprised HMGA1, STAT3, WT1, TP63, FOXM1, mir-19a-3p,

ir-106b-5p, mir-20a-5p and mir-17-5p. HMGA1, TP63, mir-19a-3p,

nd mir-17-5p which were identified as specific key regulators (but

ot specific regulators) for BL subtype of breast cancer. According
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o our analysis and other literature HMGA1 and Tp63 play a piv-

tal role in biological process of Basal like subtype of breast can-

er. Studies have shown HMGA1 promotes metastasis in BL breast

ancer subtype, the presence of HMGA1 protein has been corre-

ated with a higher cancer grade in mammary epithelial cancer

lso suggested HMGA1 may be a key player in sustaining breast

ancer [38] . It has been also shown that TP63 highly expressed in

L subtype of breast cancer cell line. TP63 gene knockout results

n cells proliferation more slowly and adhere less tightly. It was

hown TP63 suppress the expression of luminal subtype related

enes and maintain the basal phenotype in breast cancer [39] . 

In our study, we found 6 key regulators comprised SMAD4,

T1, STAT3, TFAP2C, mir-335-5p and mir-106b-5p for Her2 sub-

ype. Among these regulators, TFAP2C was identified as specific

ey regulator (not a specific regulator) for Her2 subtype of breast

ancer. Studies showed TFAP2C transcription factor plays a critical

ole in gene regulation in multiple breast cancer subtypes. Previous

tudies demonstrate an important role of TFAP2C in regulation of

ER family tyrosine kinase receptors and results in the cell growth,

umorgenesis of HER2 enriched breast cancer subtype [40] . 

Luminal A network showed 9 DETFs and DEmiRs as key reg-

lators comprised TFAP2A, TCF4, FOXA1, TP53, AR, mir-335-5p,

ir-16-5p, mir-92a-3p, and mir-93-5p. TFAP2A, TP53, mir-92a-3p,

nd mir-93-5p which were identified as specific key regulators

not specific regulators) for LuA subtype in breast cancer. Studies

howed FOXA1 and TFAP2A role as regulators of the luminal phe-

otype associated genes in breast cancer [41] . Studies have also

hown the clinical outcome of TP53 overexpression and its use-

ulness as a prognostic factor in each subtype of breast cancer, es-

ecially in luminal A breast cancer [42] . 

Analysis of the depicted GRN for LuB subtype showed 14 key

egulators consist of WT1, RELA, FOXM1, ETS2, FOXA1, AR, SMAD2,

CF4, SMAD4, BACH1, mir-26b-5p, mir-16-5p, mir-20a-5p, and mir-

86-5p. Our study demonstrated RELA, ETS2, SMAD2, BACH1, mir-

6b-5p, and mir-186-5p were known as specific key regulators

not specific regulators) for LuB subtype. RELA which known as

F-kappa-B p65 subunit may be a useful marker for identifying

etastasis-initiating tumor cells [43] . NF-kappaB pathway is re-

uired for the formation of luminal breast cancer [44] . 

In this study, we found some overlapped results between both

uminal subtypes of breast cancer. DEGs, network analysis, GO

nalysis showed LuA and LuB subtypes share some similarities

n gene expression and molecular functions in their pathogene-

is, however, they are not identical. This finding supports previous

tudies [45] . There are some similarities between LuA and LuB sub-

ypes. Some evidence suggested that LuB evolves from LuA subtype

f breast cancer. However, other evidence suggested that each sub-

ype of breast cancer develop independently of each other [46 , 47] .

n this study, we found 130 overlapped prognostic markers and 169

verlapped regulators (DETFs and DEmiRs) between LuA and LuB

 Fig. 6 ). 

As shown in Fig. 6 C we found STAT3 and mir-106b-5p as two

verlapped key regulators for both BL and Her2 subtypes. Studies

howed that STAT3 transcription level was lower in invasive breast

ancer compared to the normal tissue [48] . STAT3 has a key role in

etastasis of breast cancer and is associated with triple-negative

reast cancer [49] . We also found WT1 as a common key regula-

or for BL, Her2 and LuB subtypes. WT1 plays an oncogenic role

n various types of cancer and has prognostic value in breast can-

er [50] . WT1 gene expression silencing in breast cancer cell lines

esults in the inhibition of growth and proliferation of the cancer

ells [51 , 52] . In addition, we found AR, FOXA1, TCF4, and mir-16-5p

s overlapped key regulators for both luminal subtypes. 

AR (Androgen receptor) contains unique functional domains

ith relevance to its altered role in human breast cancer. Stud-

es indicate that AR is an emerging hormonal target in breast can-
er with potential clinical benefit in both ER positive and negative.

he role of AR as an important biomarker in breast cancer was re-

iewed [53] . 

We also demonstrated PPIs for elements of LuA and LuB net-

orks which provide insights on the mechanism of their interac-

ions. PPIs form the backbone of signaling pathways and networks

n various biological processes. Analysis of PPIs may suggest a new

ethod of targeted therapies [54] . Both LuA and LuB subtypes PPI

etworks showed CTNNB1 plays as a hub. CTNNB1 (Catenin beta 1)

s known as a key downstream element of Wnt signaling pathway

55] . 

In summary, we introduced a comprehensive transcriptome

ata analysis and systems biology approaches through the analysis

f the expression profile of breast cancer patients to assess a list

f DEGs which are associated with lower chance of patients sur-

ival rate in each subtype. Then we proposed the possible regula-

ory mechanisms of these DEGs by TFs and miRNAs for each breast

ancer subtype. The approach used in our current study allows us

o integrate various data into a GRN for each subtype to find their

ey regulators. The validation of these findings is valuable in clin-

cal and pathological research in breast cancer. The results of this

tudy suggested some key elements that could be used as poten-

ial prognostic markers and/or therapeutic targets in breast cancer

atients. 
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