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Abstract 
There are more than 1.15 million cases of breast cancer diagnosed worldwide annually. Only a few reliable 
prognostic and predictive factors are currently applied in clinical practice to the treatment of breast cancer patients. 
The simultaneous evaluation of the expression of thousands of genes is a capability of DNA microarrays. Recent 
preliminary studies suggest that gene expression profiling using a DNA microarray can potentially provide patients 
with newly diagnosed breast cancer with independent prognostic information. An overview of the uses of 
microarray techniques in breast cancer is provided in this study and compare basal and luminal BC using the 
microarray aspect at two levels of miRNA and genes. Our results showed that 221 gene probes could be a significant 
differential expressed genes in breast cancer and only seven of miRNAs were differentially expressed. The genes 
represented in ETS1, ZEB1, EMP1, PRSS23, TFPI, NAV2, ACSL4, IGFBP3, TUBB2A, NPNT and MYB were highly 
differential expressed in basal breast cancer compared to luminal breast cancer and these genes were interacted 
with hsa-miR-429, hsa-miR-34a and hsa-miR-200b which these miRNAs were downregulated in basal breast cancer. 
These genes and miRNAs could be a diagnostic or prognostic biomarker need investigation in further study. 
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Introduction 
Cancer is a disease that is the result of the 
uncontrollable growth of abnormal cells. Abnormal 
cells perform unusual functions rather than the known 
function within the human body. The growth of 
normal cells is controllable, while the growth pattern 
of abnormal cells is uncontrollable. Within a 
momentary period, the number of abnormal cells in 
the body increases which in turn creates further 
complications for proper body functions. Cancerous 
cells can target any organ in a functional body; organs 
such as skin, lungs  and breast are commonly affected. 
 Breasts contain mammary glands and are recognized 
not only as an important organ but also as a paired 
structure. They are present in both males and females 
yet are more important in females following puberty. 
The accessory gland of the female reproductive 
system’s primary function is to produce milk. Breast 
cancer is a condition in which cells in the breast grow 
out of control. Various types of breast cancer can 
originate, depending on which cells are adversely 
affected. 
The differentiation of breast cancer into molecular 
subgroups according to patterns of gene expression 
(Perou et al., 2000) has enhanced our knowledge of 
the diversity of breast cancer. In situ hybridization 

(ISH) and immunohistochemistry (IHC) are frequently 
employed as a substitute for gene expression 
investigations (Blows et al., 2010 ; Engstrom et al .; 
2013 and Sung et al., 2016) and they largely mirror the 
genetic subtypes (Callagy et al., 2003). Human 
epidermal growth factor receptor 2 (HER2) and the 
proliferation marker Ki67 expression can be used to 
further categorize luminal (estrogen and/or 
progesterone receptor positive) tumors into three 
categories. Tumors that are not luminal can be 
categorized into two subtypes: HER2 and triple-
negative (TN).  TN can be further separated into the 
basal phenotype and the non-basal or five-negative 
phenotype based on the expression of basal markers 
(Blows et al., 2010 ; Engstrom et al .; 2013; Ishitha et 
al., 2016 and Nielsen et al .,2004). It has been 
extensively investigated how basal markers are 
expressed in TN breast tumors.   
Studying long-term survival, however, has revealed 
that luminal breast cancers can recur for many years 
after the initial diagnosis. To differentiate between 
treatment and follow-up, additional prognostic 
categorization is necessary due to the heterogeneity 
of luminal cancers (Hennigs et al., 2016). Studies on 
microarrays in relation to cancer try to categorize 
cancer patients into homogenous categories, look for 
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differentially expressed genes in tumors with various 
characteristics, or forecast the prognosis of patients. 
Using breast cancer as an example, we address the 
theories driving these studies, their power, and the 
validity and clinical application of the findings. Based 
on microarray data and cluster analysis, a number of 
subtypes of breast cancer have been identified (Perou 
et al., 2001).   In this study, we hope to identify a 
particular marker that may be utilized to differentiate 
between basal and luminal cells, and perhaps this 
marker can be used as a therapeutic target. 

Materials and Methods 
Acquisition of microarray data: Microarray gene 
expression and miRNA expression data were obtained 
from the NCBI Gene Expression Omnibus (GEO) ftp 
(https://www.ncbi.nlm.nih.gov/geo/). NCI-60 gene 
expression data (GSE32474) and miRNA expression 
data (GSE26375) were retrieved for basal and luminal 
breast cancer. Gene probes or miRNAs with a fold 
change of >4 or <-4 and P<0.01 for basal in comparison 
to luminal breast cancer over the median value were 
selected for further analysis . 
Functional analysis and pathway enrichment analysis: 
The differentially expressed genes (DEGs) from NCI-60 
were submitted to STRING-db (https://string-db.org/ ) 
online tool to build a network for up-regulated genes 
and down regulated genes. The network generated 
from STRING-db was exported to CluGo app that plugs 
in cytoscape software for both up regulated genes and 
down regulated genes to determine pathway that 
each group may participate by using the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) database. 
DAVID (http://david.ncifcrf.gov/) has been used as 
online tool that can perform a functional analysis for 
discovering the relationships among the selected gene 
sets (Stekel, D. 2003). by determining the biological 
process . 
Analysis of miRNA-target mRNA network :The 
selected differentially expressed miRNA (DEMs) were 
imported to miRNET (https://www.mirnet.ca/) a 
platform can search the target genes based on the 
conserved sites matching the seed regions of miRNAs. 
The miRNA-target network was constructed by using 
both DEGs and DEMs but the generated network was 
reduced to handle the network properly. 

Results and Discussion 
Identification of DEGs : The identification of genes 
from basal breast cancer was performed on NCI-60 cell 
line panel (GSE32474) of DNA microarray. A total of 
221 gene probes were identified with significant 

differential expression in breast cancer (Appendix 1). 
Among them, 142 gene probes with higher expression 
levels and 79 gene probes with lower expression levels 
in basal breast cancer cells [log2 (fold change) >4 or 
log2 (fold change) <−4, adj.P<0.01]. The up-regulated 
and down-regulated genes (DEGs) with adj.P<0.01 
were plotted in volcano plot (Figure 1).  
Gene Ontology function and KEGG pathway analyses: 
The biological processes where DEGs participate were 
determined using DAVID Gene Functional 
Classification Tool. These processes were significantly 
involved in the positive regulation of epithelial to 
mesenchymal transition, response to estradiol, neuron 
migration, cellular protein metabolic process and 
extracellular matrix organization (the top 5 biological 
processes) (Figure 2). Furthermore, the DEGs were 
divided into two groups represented in upregulated 
and downregulated DEGs and each group was 
imported into cytoscape software to determine the 
pathways which each group using KEGG pathway. The 
upregulated DEGs were primarily involved in 
transcriptional mis-regulation in cancer, TGF- beta 
signaling pathway, cellular senescence etc. (Figure 3A). 
 

Figure 1. The volcano plot of differential expression 
genes with Padj < 0.01 highlighted with red and blue 

colors in comparison to not significant genes with 
black color. 

 
However, the downregulated DEGs were significantly 
participated in Estrogen-dependent gene expression, 
Signaling by Receptor Tyrosine Kinases, Signaling by 
Nuclear Receptors, ESR-mediated signaling, Signaling 
by ERBB4, Proteoglycans in cancer and PI3K-Akt 
signaling pathway (Figure 3B).  
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Figure 2. The gene ontology of biological processes 
for DEGs scaled by fold enrichment. All biological 

processes were significant adj.P < 0.01. 
 
Analysis of miRNA-target mRNA network: There were 
889 miRNA probes identified from GSE26375 for 
breast cancer. Out of these miRNAs only five miRNAs 
were significantly related to basal breast cancer in 
comparison with luminal one. Those five miRNAs were 
divided into Four downregulated miRNAs (hsa-miR-
429, hsa-miR-34a, hsa-miR-200b, and hsa-miR-200a) 
and only one upregulated miRNA (hsa-miR-146a). 
Collectively, the five miRNAs were further analyzed by 
miRNET platform to determine the relationship 
between these miRNAs from miRNA expression data 
(GSE26375) and DEGs from NCI-60 gene expression 
data (GSE32474). Interestingly, the downregulated 

miRNAs represented in hsa-miR-429, hsa-miR-34a, 
hsa-miR-200b have interacted significantly with 
protein members of DEGs list (ETS1, ZEB1, EMP1, 
PRSS23, TFPI, NAV2, ACSL4, IGFBP3, TUBB2A, NPNT 
and MYB) (Figure 4). These results revealed that 
current miRNA downregulation may be linked to some 
of the downregulated or upregulated DEGs (Table 1).  
Through the simultaneous analysis of tens of 
thousands of expressed genes, microarray technology 
has improved molecular understanding of cancer 
biology. A unique molecular classification of breast 
cancer was discovered when a series of breast tumors 
were hierarchically clustered based on a set of intrinsic 
genes that were expressed differently in various 
individuals (Perou et al., 2000). 
The basal-like, HER2-positive, luminal-A, and luminal-B 
subtypes of human breast cancer are included in the 
so-called intrinsic molecular classification of the 
disease. These subtypes have distinctive pathological 
characteristics and clinical outcomes: HER2-positive 
breast cancer is erbB2/HER2 gene amplified and is 
associated with poorer outcomes when untreated. 
Both luminal-A and luminal-B breast cancers are ER-
positive, though luminal-B cancers have worse 
outcomes. Basal-like breast cancer is primarily triple-
negative, lacking expression of ER, progesterone 
receptor (PR), and normal erbB2/HER2 gene copy 
number. Using cDNA microarrays to profile the gene 
expression of 65 breast cancer samples from 42 
different patients, Perou and colleagues' key study 
first established molecular profiles of breast cancer 
(Perou  et al., 2000).  
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Figure 3. The pathways network analysis for DEGs. A) upregulated DEGs pathways. B)  Downregulated DEGs 

pathways. 
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Figure 4. The network analysis for miRNAs 
interaction with upregulated and downregulated 

DEGs. 
 
Table 1.  The fold change of DEGs that interact with 

miRNAs 

Gene name logFc 

ETS1 6.7613471 

ZEB1 6.4264317 
EMP1 6.1540808 

PRSS23 4.7045537 

TFPI 4.481085 

NAV2 4.4485306 
ACSL4 4.2970303 

IGFBP3 4.2019184 
TUBB2A 4.096885 

NPNT -5.2494323 
MYB -5.7119466 

 
The sample size was increased to 78 breast tumors 
(including 40 from the initial publication) in a later 
investigation by the same team employing 
hierarchical clustering and an intrinsic gene set of 
456 cDNA clones. The discovery of three subtypes 
within the luminal cluster (47 cancers): luminal A (32 
tumors), luminal B (five tumors), and luminal C (10 
tumors) was made possible by increasing the sample 
size (Sørlie et al., 2001). While luminal C was further 
separated from luminal A and luminal B by strong 
expression of a group of genes shared with basal-like 
and HER2-positive subtypes, but of unknown 
function, luminal B and luminal C tumors showed 
decreased expression of ER-related genes compared 
with luminal-A cancers (Sørlie et al., 2001). 
Luminal-A and luminal-B subtypes have been 
replicated in numerous gene expression studies. 
Both subtypes exhibit luminal cytokeratins 8/18, ER, 
and genes linked to ER activation like CCND1 (cyclin 

D1), as well as expression patterns resembling those 
of the luminal epithelial component of the breast. 
The primary molecular difference between the two 
luminal subtypes is that luminal B typically expresses 
more proliferative genes and less ER-related genes 
(Sørlie et al., 2001; Sørlie et al., 2003 and Brenton et 
al., 2005).  Even though only 10% of tumors were 
HER2-positive by immunohistochemistry, Luminal-B 
tumors exhibit increased expression of growth 
receptor signaling genes (Loi et al.,2005). 
Approximately 20% of luminal-B breast cancers were 
HER2-positive by immunohistochemistry, according 
to a review of several gene expression studies 
(Wirapati et al., 2008). A clinically meaningful 
classifier of luminal-B breast cancer should exclude 
HER2-positive breast cancers because they are 
treated very differently from HER2-negative breast 
cancers (Sotiriou C and Pusztai L 2009). The luminal-
B subtype is identified by immunohistochemistry in 
about 30% of HER2-positive tumors. 
Immunohistochemistry or ESR1 gene expression has 
also shown that the majority of tumors are ER-
positive ( Sørlie et al., 2003;  Sotiriou C and Pusztai L 
2009). The clinical significance of whether the 
intrinsic molecular classification classifies an ER-
positive breast cancer with overexpression of HER2 
as HER2-positive or as luminal B remains to be 
determined. 
In our study, the genes that significantly expressed in 
basal breast cancer tissue and interact with the set 
of miRNAs under the current study were ETS1, ZEB1, 
EMP1, PRSS23, TFPI, NAV2, ACSL4, IGFBP3, TUBB2A, 
NPNT and MYB. Some of These genes have a well-
known role in breast cancer specifically.  
ETS1 (transcription factor) has initially been 
characterized as the proto-oncogenic transcription 
factor that contributes to tumor angiogenesis and 
invasiveness in cancer cells (Fujimoto et al., 2002 ; 
Hsing et al., 2020). Although ETS1 has demonstrated 
dichotomous roles as an oncogene and a tumor 
suppressor gene in a variety of cancers, its function 
in the tumorigenesis of breast cancer is still 
unknown (Kim et al., 2020). Breast cancer 
progression and embryonic development are both 
greatly aided by zinc finger E-box binding homeobox 
1 (ZEB1) (Wu et al., 2020). Interestingly, this gene 
controls the expression of numerous oncogenic and 
tumor-suppressive miRs, including miR-34a. ZEB1 
expression down-regulates miR-34a expression to 
drive pro-actin cytoskeletal remodeling, and gains 
invasive and metastatic capabilities (Ahn et al., 
2012). Our study comes with the same findings and 
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this can be considered a strong evidence of in silico 
substantial role in cancer studies.  
The peripheral myelin protein (PMP22) gene family 
includes the epithelial membrane protein 1 (EMP1).  
EMP1 has been identified as a c-MYC target (Bredel  
et al., 2005), is highly expressed in undifferentiated 
cells (Ben-Porath et al., 2005), and has been linked 
to several cancers, including breast cancer (Sun et 
al., 2014) and nasopharyngeal cancer (Sun et al., 
2014). Particulrly in hormone-related cancers like 
endometrial and breast cancer, EMP2 has been 
regarded as an oncogene. The current study 
reported this gene could be an oncogene in basal 
breast cancer in comparison to luminal breast 
cancer. However, Serine protease PRSS23 is a newly 
discovered protein that has been associated with 
tumor progression in various types of cancers. 
Interestingly, PRSS23 is coexpressed with estrogen 
receptor α (ERα), which is a prominent biomarker 
and therapeutic target for human breast cancer 
(Chan et al., 2012).  
Tissue factor (TF) pathway inhibitor-1 (TFPI) is a 
plasma serine protease inhibitor, which is mainly 
known for its role in the coagulation cascade, being 
responsible for the modulation of TF induced blood 
coagulation. TFPI has anti-tumor effects in breast 
cancer cell lines (Stavik  et al., 2013).  While other 
study demonstrated the overexpression of TFPI was 
linked with breast cancer and may has role in 
lymphatic spread (Sierko et al., 2010).  Neuron 
navigator 2 (NAV2) is one of three members of the 
neuron navigator family. NAV2 also regulates the 
cytoskeleton, which affects cell-cell and cell-matrix 
adhesion, facilitating tumor cell invasion and 
metastasis (Nakaya  et al., 2008). One of the studies 
of NAV2 on breast cancer found the decreasing of 
NAV2 expression causes to increase the tumor size 
and also in risk of grade disease with high 
levels(Kholdi, et al., 2017).  
One of the five mammalian long chain acyl-CoA 
synthetases isoforms, ACSL4, condenses a fatty acid 
with a molecule of coenzyme A to create a thioester, 
which activates the fatty acid for further 
metabolism. One of many biomarkers for an 
aggressive breast cancer phenotype and/or 
hormonal intervention resistance is ACSL4 (Wu et al., 
2013). The insulin-like growth factor (IGF) system is 
essential for healthy growth and development 
because of the powerful proliferative and 
antiapoptotic effects that these growth factors have. 
Estrogen receptor (ER) expression and IGFBP-3 
expression were found to be negatively correlated in 
early studies looking at IGFBP-3 expression in breast 

cancer cell lines (Kamila et al., 2015). Tubulin 
proteins, on the other hand, form dynamic 
microtubules and are essential cellular building 
blocks. TUBB2A was connected to cellular growth, 
motion, and adhesion (Shin et al., 2020). The 
downregulated Nephronectin (NPNT) is an 
extracellular matrix protein originally identified in 
the embryonic kidney. NPNT was identified as 
upregulated gene in breast cancer tissues compared 
to normal breast tissues (Wang et al., 2018). Our 
results showed this gene is significantly 
downregulated in basal breast cancer in comparison 
to luminal breast cancer and this is could be a 
diagnostic marker for basal breast cancer specifically 
not for breast cancer in general. Although, the 
transcription factor MYB (encoded by MYB) is the 
prototype member of the family, which includes 
MYBL1 (encoded by MYBL1) and MYBL2 (encoded by 
MYBL2). MYB positively regulates promoters of key 
cell proliferation genes, such as Myc, and it can also 
work as a transcriptional repressor. This gene 
considered as proto-oncogene but can play as 
potential tumor suppressor role in Luminal Breast 
Cancer (Thorner et al., 2010). 
This study can be considered as the first report 
comparing basal and luminal BC using microarray 
aspect at two levels of miRNA and genes. The list of 
the genes and their expression reported in our data 
was controversial and needed more concerted data 
from in vivo experiments to be validated in diagnosis 
and treatment for basal breast cancer. 

Acknowledgements 
We would like to thank all participants in this study.  

References 
Ahn, Y.H., D.L. Gibbons, D. Chakravarti, C.J. 

Creighton, Z.H. Rizvi, H.P. Adams, et al. (2012). 
ZEB1 drives prometastatic actin cytoskeletal 
remodeling by downregulating miR-34a 
expression. J. Clin. Invest., 122, 3170-3183. 
[Original source: 
https://studycrumb.com/alphabetizer] 

Ben-Porath I, Benvenisty N. (1996). Characterization 
of a tumor-associated gene, a member of a 
novel family of genes encoding membrane 
glycoproteins. Gene.;183: 69–75. 
https://doi.org/10.1016/S0378-1119(96)00475-
1 pmid:8996089 

Blows FM, Driver KE, Schmidt MK, et al. (2010) 
Subtyping of breast cancer by 
immunohistochemistry to investigate a rela 
tionship between subtype and short and long 
term survival: a collaborative analysis of data for 
10,159 cases from 12 studies. PLoS Med 



Aljawad et al.,                                                                               J. Genet. Environ. Resour. Conserv., 2023,11(3):169-176. 
 

175 
 

7:e1000279. 
doi:10.1371/journal.pmed.1000279 

Bredel M, Bredel C, Juric D, Harsh GR, Vogel H, Recht 
LD, et al. (2005). Functional Network Analysis 
Reveals Extended Gliomagenesis Pathway Maps 
and Three Novel MYC-Interacting Genes in 
Human Gliomas. Cancer Research.;65: 8679. 
pmid:16204036 

Brenton JD, Carey LA, Ahmed AA, Caldas C. (2005). 
Molecular classification and molecular 
forecasting of breast cancer: ready for clinical 
application? J Clin Oncol. 23:7350–7360. doi: 
10.1200/JCO.2005.03.3845.  

Callagy G, Cattaneo E, Daigo Y, Happerfield L, 
Bobrow LG, Pharoah PD, Caldas C (2003) 
Molecular classification of breast carcinomas 
using tissue microarrays. Diagn Mol Pathol 
12:27-34. 

Chan HS, Chang SJ, Wang TY, Ko HJ, Lin YC, et al. 
(2012) Serine Protease PRSS23 Is Upregulated 
by Estrogen Receptor α and Associated with 
Proliferation of Breast Cancer Cells.  PLOS ONE 
7(1): e30397. 
https://doi.org/10.1371/journal.pone.0030397 

Engstrom MJ, Opdahl S, Hagen AI, Romundstad PR, 
Akslen LA, Haugen OA, Vatten LJ, Bofin AM 
(2013). Molecular subtypes, histopathological 
grade and survival in a historic cohort of breast 
cancer patients. Breast Cancer Res Treat. 
doi:10.1007/s10549- 013-2647-2 

Fujimoto J, Aoki I, Toyoki H, Khatun S, Tamaya T. 
(2002). Clinical implications of expression of 
ETS-1 related to angiogenesis in uterine cervical 
cancers. Ann Oncol. 13:1598–604. 
10.1093/annonc/mdf248  

Hennigs A, Riedel F, Gondos A, Sinn P, Schirmacher 
P, Marme F, Jager D, Kauczor HU, Stieber A, 
Lindel K, Debus J, Golatta M, Schutz F, Sohn C, 
Heil J, Schneeweiss A (2016). Prognosis of breast 
cancer molecular subtypes in routine clinical 
care: a large prospective cohort study. BMC 
Cancer 16:734. doi:10.1186/s12885-016-2766-3. 

Hsing M, Wang Y, Rennie PS, Cox ME, Cherkasov A. 
(2020). ETS transcription factors as emerging 
drug targets in cancer. Med Res Rev. 40:413–30. 
10.1002/med.21575  

Ishitha G, Manipadam MT, Backianathan S, Chacko 
RT, Abra ham DT, Jacob PM (2016). 
Clinicopathological study of triple negative 
breast cancers. J Clin Diagn Res. 
doi:10.7860/JCDR/ 2016/20475.8539 

Kamila A. Marzec, Robert C. Baxter, Janet L. Martin, 
(2015). Targeting Insulin-Like Growth Factor 

Binding Protein-3 Signaling in Triple-Negative 
Breast Cancer", BioMed Research International, 
8: 2015. 

Kholdi, Solmaz & Kholdi, Mohammad & Rad, Abolfazl 
and Fard, Mohammad. (2017). Expression of 
NAV2 Correlated with Change of Tumor Size in 
Breast Cancer Patients. Multidisciplinary Cancer 
Investigation. 1. 10.21859/mci-supp-45. 

Kim, G. C., Lee, C. G., Verma, R., Rudra, D., Kim, T., 
Kang, K., Nam, J. H., Kim, Y., Im, S. H., & Kwon, 
H. K. (2020). ETS1 Suppresses Tumorigenesis of 
Human Breast Cancer via Trans-Activation of 
Canonical Tumor Suppressor Genes. Frontiers in 
oncology, 10, 642. 
https://doi.org/10.3389/fonc.2020.00642 

Loi S, Sotiriou C, Haibe-Kains B, Lallemand F, Conus 
NM, Piccart MJ, Speed TP, McArthur GA. (2009). 
Gene expression profiling identifies activated 
growth factor signaling in poor prognosis 
(Luminal-B) estrogen receptor positive breast 
cancer. BMC Med Genomics. 2:37. doi: 
10.1186/1755-8794-2-37.  

Nakaya Y, Sukowati EW, Wu Y, Sheng G. (2008). Rhoa 
and microtubule dynamics control cell-
basement membrane interaction in emt during 
gastrulation. Nat Cell Biol. 10:765–775. doi: 
10.1038/ncb1739. 

Nielsen TO, Hsu FD, Jensen K, Cheang M, Karaca G, 
Hu Z, Hernandez-Boussard T, Livasy C, Cowan D, 
Dressler L, Akslen LA, Ragaz J, Gown AM, Gilks 
CB, van de Rijn M, Perou CM (2004). 
Immunohistochemical and clinical 
characterization of the basal-like subtype of 
invasive breast carcinoma. Clin Cancer Res 
10:5367–5374. doi:10.1158/1078-0432.ccr-04-
0220. 

Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey 
SS, Rees CA, Pollack JR, Ross DT, Johnsen H, 
Akslen LA, Fluge O, Pergamenschikov A, 
Williams C, Zhu SX, Lonning PE, Borre sen-Dale 
AL, Brown PO, Botstein D (2000). Molecular 
portraits of human breast tumours. Nature 
406:747–752. doi:10.1038/. 

Perou CM, Sørlie T, Eisen MB, van de Rijn M, Jeffrey 
SS, Rees CA, Pollack JR, Ross DT, Johnsen H, 
Akslen LA, Fluge O, Pergamenschikov A, 
Williams C, Zhu SX, Lønning PE, Børresen-Dale 
AL, Brown PO, Botstein D. (2000). Molecular 
portraits of human breast tumours. Nature. 
406:747–752. doi: 10.1038/35021093. 
[PubMed] [CrossRef] [Google Scholar] [Ref list] 

Perou, C. M., Brown, P. O., & Botstein, D. (2001). 
Microarrays in primary breast cancer--lessons 

https://doi.org/10.1371/journal.pone.0030397
https://doi.org/10.3389/fonc.2020.00642


Aljawad et al.,                                                                               J. Genet. Environ. Resour. Conserv., 2023,11(3):169-176. 
 

176 
 

from chemotherapy studies. Endocrine-related 
cancer, 8(3), 259-263. 

Shin, D., Park, J., Han, D. et al. (2020). Identification 
of TUBB2A by quantitative proteomic analysis as 
a novel biomarker for the prediction of distant 
metastatic breast cancer. Clin Proteom 17, 16. 

Sierko E, Wojtukiewicz MZ, Zimnoch L, Kisiel W. 
(2010). Expression of tissue factor pathway 
inhibitor (TFPI) in human breast and colon 
cancer tissue. Thromb Haemost. 103(1):198-
204. doi: 10.1160/TH09-06-0416. Epub 2009 Sep 
30. PMID: 20062932. 

Sørlie T, Perou CM, Tibshirani R, Aas T, Geisler S, 
Johnsen H, Hastie T, Eisen MB, van de Rijn M, 
Jeffrey SS, Thorsen T, Quist H, Matese JC, Brown 
PO, Botstein D, Lønning PE, Børresen-Dale AL. 
(2001). Gene expression patterns of breast 
carcinomas distinguish tumor subclasses with 
clinical implications. Proc Natl Acad Sci 
USA.;98:10869–10874. doi: 
10.1073/pnas.191367098.  

Sørlie T, Tibshirani R, Parker J, Hastie T, Marron JS, 
Nobel A, Deng S, Johnsen H, Pesich R, Geisler S, 
Demeter J, Perou CM, Lønning PE, Brown PO, 
Børresen-Dale AL, Botstein D. (2003). Repeated 
observation of breast tumor subtypes in 
independent gene expression data sets. Proc 
Natl Acad Sci USA. 100:8418–8423. doi: 
10.1073/pnas.0932692100.  

Sotiriou C, Pusztai L. (2009). Gene-expression 
signatures in breast cancer. N Engl J Med. 
360:790–800. doi: 10.1056/NEJMra0801289. 

Stavik, B., Tinholt, M., Sletten, M. et al. (2013). TFPIα 
and TFPIβ are expressed at the surface of breast 
cancer cells and inhibit TF-FVIIa activity. J 
Hematol Oncol 6, 5 . 
https://doi.org/10.1186/1756-8722-6-5 

Stekel, D. (2003). Preface. In Microarray 
Bioinformatics (pp. Xi-Xii). Cambridge: 
Cambridge University Press. 
doi:10.1017/CBO9780511615535.002 

Sun GG, Lu YF, Fu ZZ, Cheng YJ, Hu WN. (2014). 
EMP1 inhibits nasopharyngeal cancer cell 
growth and metastasis through induction 

apoptosis and angiogenesis. Tumour Biol. 35: 
3185–3193. pmid:24292952 

Sun GG, Wang YD, Lu YF, Hu WN. (2014). EMP1, a 
member of a new family of antiproliferative 
genes in breast carcinoma. Tumour Biol. 35: 
3347–3354. pmid:24402572 

Sung H, Garcia-Closas M, Chang-Claude J, Blows FM, 
Ali HR, Figueroa J, Nevanlinna H, Fagerholm R, 
Heikkila P, Blomqvist C, Giles GG,et al. (2016). 
Heterogeneity of luminal breast cancer 
characterised by immunohistochemical 
expression of basal markers. Br J Cancer 
114:298–304. doi:10.1038/bjc.2015.437 

Thorner AR, Parker JS, Hoadley KA, Perou CM (2010). 
Potential Tumor Suppressor Role for the c-Myb 
Oncogene in Luminal Breast Cancer. PLOS ONE 
5(10): e13073. 

Wang, D., Zhao, C., Gao, L., Wang, Y., Gao, X., Tang, 
L., Zhang, K., Li, Z., Han, J., & Xiao, J. (2018). 
NPNT promotes early-stage bone metastases in 
breast cancer by regulation of the osteogenic 
niche. Journal of bone oncology, 13, 91–96. 
https://doi.org/10.1016/j.jbo.2018.09.006 

Wirapati P, Sotiriou C, Kunkel S, Farmer P, 
Pradervand S, Haibe-Kains B, Desmedt C, 
Ignatiadis M, Sengstag T, Schütz F, Goldstein DR, 
Piccart M, Delorenzi M. (2008). Meta-analysis of 
gene expression profiles in breast cancer: 
toward a unified understanding of breast cancer 
subtyping and prognosis signatures. Breast 
Cancer Res. 10:R65. doi: 10.1186/bcr2124. [PMC 
free article] [PubMed] [CrossRef] [Google 
Scholar] [Ref list] 

Wu, HT., Zhong, HT., Li, GW. et al. (2020). Oncogenic 
functions of the EMT-related transcription factor 
ZEB1 in breast cancer. J Transl Med 18, 51 
(2020). https://doi.org/10.1186/s12967-020-
02240-z 

Wu, X., Li, Y., Wang, J., Wen, X., Marcus, M. T., 
Daniels, G., Zhang, D. Y., Ye, F., Wang, L. H., Du, 
X., Adams, S., Singh, B., Zavadil, J., Lee, P., & 
Monaco, M. E. (2013). Long chain fatty Acyl-CoA 
synthetase 4 is a biomarker for and mediator of 
hormone resistance in human breast cancer. 
PloS one, 8(10), e77060. 

 

https://doi.org/10.1186/1756-8722-6-5
https://doi.org/10.1016/j.jbo.2018.09.006
https://doi.org/10.1186/s12967-020-02240-z
https://doi.org/10.1186/s12967-020-02240-z

