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Abstract. – OBJECTIVE: As an invasive can-
cer, breast cancer is the most common tumour in
women and is with high mortality. To study the
mechanisms of HER2-positive breast cancer, we
analyzed microarray of GSE52194.

MATERIALS AND METHODS: GSE52194 was
downloaded from Gene Expression Omnibus in-
cluding 5 HER2-positive breast cancer samples
and 3 normal breast samples. Using cuffdiff soft-
ware, differentially expressed genes (DEGs) and
differentially expressed long non-coding RNAs
(DE-lncRNAs) were screened. Functions of the
DEGs were analyzed by Gene Ontology (GO) and
pathway enrichment analyses. Then, protein-pro-
tein interaction (PPI) network of the DEGs were
constructed using Cytoscape and modules of the
PPI network were screened by CFinder. More-
over, lncRNA-DEG pairs were screened.

RESULTS: Total 209 lncRNA transcriptions were
predicted, and 996 differentially expressed transcrip-
tions were screened. Besides, FOS had interaction
relationships with EGR1 and SOD2 separately in
module E and F of the PPI network for the DEGs.
Moreover, there were many lncRNA-DEG pairs (e.g.
TCONS_00003876-EGR1, TCONS_00003876-FOS,
lnc-HOXC4-3:1-FOS, lnc-HOXC4-3:1-BCL6B, lnc-
TEAD4-1:1-FOS and lnc-TEAD4-1:1-BCL6B), mean-
while, co-expressed DEGs of TCONS_00003876, lnc-
HOXC4-3:1 and lnc-TEAD4-1:1 were enriched in p53
signaling pathway, MAPK signaling pathway and
cancer related pathways, respectively. 

CONCLUSIONS: ANXA1, EGR1, BCL6, SOD2,
FOS, TCONS_00003876, lnc-HOXC4-3:1 and lnc-
TEAD4-1:1 might play a role in HER2-positive
breast cancer.
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Introduction

Breast cancer is characterized by fluid coming
from the nipple, a lump in the breast, dimpling of
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the skin, or a red scaly patch of skin 1. It may be
caused by early age at first menstruation, drink-
ing alcohol, lacking of physical exercise, obesity,
ionizing radiation, having children too late or
having no children1,2. In the worldwide, breast
cancer is with the highest frequency (25.2%) as
an invasive cancer in women2 and comprises
16% of all female cancers3.

As a member of the epidermal growth factor
(EGF) family of receptor tyrosine kinases4, human
epidermal growth factor receptor type 2 (HER2) ex-
pression is associated with the poor prognosis of
breast cancer5-7. By moderating the expression of
TNF-related weak inducer of apoptosis (TWEAK)
and its receptor TNF-related weak inducer of apop-
tosis receptor (TWEAKR), nuclear factor of acti-
vated T cells 1 (NFAT1) plays a role in cell invasion
of breast cancer8. However, nuclear factor of acti-
vated T cells 3 (NFAT3) can blunt cell invasion of
breast cancer through inhibiting Lipocalin 2 expres-
sion9. Breast cancer gene 1 (BRCA1) and breast
cancer gene 2 (BRCA2) can be used as markers to
identify patients at high risk of developing breast
cancer10. By enhancing E-cadherin-mediated cell-
to-cell adhesion, epithelial cell adhesion molecule
(EpCAM) expression functions in cell proliferation,
migration and invasion of breast cancer11.

Long non-coding RNAs (lncRNAs) are poorly
conserved and cannot code proteins, but may be used
in cancer diagnostic and therapeutic12. HOX tran-
script antisense RNA (HOTAIR) expression increases
during breast cancer progression, and its expression
level in primary tumor can be a predictor of eventual
metastasis and death13. Overexpression of lncRNA
breast cancer anti-estrogen resistance 4 (BCAR4) in-
duces cell proliferation of breast cancer and it can
function as potential target for treatment of antiestro-
gen-resistant breast cancer14. LncRNA metastasis-as-
sociated lung adenocarcinoma transcript 1
(MALAT1) upregulates in breast cancer, and may
function in cancer diagnostic and therapeutic12,15.
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In 2013, Horvath et al16 used a whole transcrip-
tome RNA-sequencing to detect single nucleotide
polymorphisms (SNPs) between breast cancer tis-
sues and normal breast tissues, and found some
new mutations in key regulatory molecules in
breast cancer. Using the same data by Horvath et
al16, we screened the differentially expressed lncR-
NAs (DE-lncRNAs) and differentially expressed
gene (DEGs) in HER2-positive breast cancer sam-
ples. Using Gene Ontology (GO) and pathway en-
richment analyses, functions of the DEGs were
analyzed. In addition, protein-protein interaction
(PPI) network of proteins encoded by the DEGs
were constructed and modules of the PPI network
were screened. Furthermore, lncRNA-DEG pairs
were screened, and functions of the DEGs co-ex-
pressed with each lncRNA were analyzed using
pathway enrichment analyses.

Materials and Methods

Microarray data
Expression profile of GSE52194 deposited by

Horvath et al16 was downloaded from Gene Ex-
pression Omnibus (GEO, http://www.ncbi.nlm.
nih.gov/geo/) which was based on the platform
of GPL11154 Illumina HiSeq 2000 (Homo sapi-
ens). GSE52194 included a collective of 5
HER2-positive breast cancer samples and 3 nor-
mal breast samples. All the enrolled breast cancer
patients were from European descent.

Sequence alignment
After GSE52194 was downloaded, the format

of sequences were translated from sra into fastq,
then low quality sequences were screened out by
NGSQC software17 (the ratio of bases in sequences
with base sequencing quality less than twenty was
required to be less than 0.9, and the ratio of base N
needed to be less than 0.05). Using tophat18, the re-
maining high quality sequences were mapped to
human genome 19 (hg19). The parameter was set
at --no-discordant --phred64-quals, and the other
parameters were set to the defaults. 

LncRNA prediction
Using cufflinks software19, the alignment re-

sults were performed transcriptome assembly.
Then the assembly results of the 8 samples were
integrated by cuffmerge software20. According to
the genome annotation information in the ucsc
(GENECODE V19, Ensembl, UCSC and RefSeq),
assembly results without overlapping compared to
arbitrary genes were extracted. Subsequently, as-

sembled transcriptions with the length larger than
200 nt and with two or more exons were identified.
Transcriptions with scores less than 100 were ob-
tained using Phylocsf software21. Moreover, hm-
mer software (St. Louis, MO, USA)22 was used to
exclude transcriptions with E-value less than 1e-5.

DEGs and DE-lncRNAs screening
Combing with known lncRNA comments

(LNCipedia1.0 database), RefSeq annotation
files in ucsc website and the predicted lncRNA
transcription document, DEGs and DE-lncRNAs
were identified by cuffdiff software23. The false
discovery rate (FDR) < 0.05 and | logfold-change
(FC)| > 1 were used as the cut-off criteria.

Functional and pathway 
enrichment analysis 

As a tool for editing, viewing and querying,
GO is used to annotate gene products24. Kyoto
Encyclopedia of Genes and Genomes (KEGG)
has functional assignment that links genes in the
genome with interacting molecules, such as a
complex or a pathway, standing for a higher or-
der biological function25. GO and KEGG path-
way enrichment analyses were performed for the
DEGs. The p-value < 0.05 and involved two or
more genes were used as the cut-off criteria. 

PPI network and module analysis
The interaction relationships of the proteins en-

coded by DEGs were searched by STRING online
software26, and the combined score > 0.4 was used
as the cut-off criterion. The PPI network was visu-
alized using Cytoscape software27. Then, modules
of the PPI network were screened by CFinder
software28, and the parameter k was set to 6. 

LncRNA analysis
According to the expression matrix of the

DEGs and the DE-lncRNAs, their correlations
were calculated and lncRNA-DEG pairs were
identified. The pearson correlation > 0.95 was
used as the cut-off criterion.

Results

LncRNA prediction, DE-lncRNAs 
and DEGs analysis

Total 209 lncRNA transcriptions were predicted,
including 84 lncRNA transcriptions with more than
50% overlapping compared to known lncRNAs. 

Compared with normal breast samples, there
were 996 differentially expressed transcriptions,
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including 92 up-regulated transcriptions (includ-
ing 2 known lncRNAs, and 90 DEGs) and 904
down-regulated transcriptions (including 9
known lncRNAs, 2 predicted lncRNAs and 893
DEGs) in HER2-positive breast cancer samples. 

Functional and pathway 
enrichment analysis 

The enriched GO functions for the up-regulated
genes were listed in Table 1, including macromole-
cular complex assembly (p-value = 7.74E-13),
macromolecular complex subunit organization (p-
value = 8.37E-11), cellular component assembly
(p-value = 2.65E-10) and non-membrane-bounded
organelle (p-value = 2.69E-08). The pathway sys-
temic lupus erythematosus (p-value = 0) was en-
riched for the up-regulated genes (Table I).

The enriched GO functions for the down-reg-
ulated genes were also listed in Table I, including
nuclear-transcribed mRNA catabolic process,

nonsense-mediated decay (p-value = 1.11E-16),
SRP-dependent cotranslational protein targeting
to membrane (p-value = 3.66E-15), mRNA cata-
bolic process (p-value = 5.40E-13) and transla-
tional elongation (p-value = 8.44E-13). The en-
riched pathways for the down-regulated genes in-
cluded amebiasis (p-value = 0.000512052),
NOD-like receptor signaling pathway (p-value =
0.000547511), p53 signaling pathway (p-value =
0.000615533) and small cell lung cancer (p-val-
ue = 0.001493752) (Table I).

PPI network and module analysis
The PPI network of the DEGs had 540 nodes

including annexin A1 (ANXA1), early growth
response 1 (EGR1), B-cell CLL/lymphoma 6
(BCL6), c-fos (FOS) and mitochondrial superox-
ide dismutase 2 (SOD2), as well as had 2017 in-
teractions (Figure 1). In addition, 6 modules
(module A, B, C, D, E and F) were screened

ID Name Gene Gene p-value
number symbol

Up-regulated GO:0065003 macromolecular complex assembly 21 CASC5, CENPF...... 7.74E-13
genes GO:0043933 macromolecular complex subunit 21 CENPF, HIST1H1A...... 8.37E-11

organization
GO:0022607 cellular component assembly 22 CASC5, CENPF...... 2.65E-10
GO:0043228 non-membrane-bounded organelle 26 ASPM, BRCA2...... 2.69E-08
GO:0046982 protein heterodimerization activity 15 HIST1H2AB, 

HIST1H2AG...... 2.86E-14
Down- GO:0000184 nuclear-transcribed mRNA 34 EIF4A3, ETF1...... 1.11E-16
regulated catabolic process, nonsense-
genes mediated decay

GO:0044391 SRP-dependent cotranslational 33 FAU, GNB2L1...... 3.66E-15
protein targeting to membrane

GO:0044421 mRNA catabolic process 111 S16, RPS19...... 5.40E-13
GO:0005840 translational elongation 38 APOD, FAU...... 8.44E-13
GO:0006613 cotranslational protein targeting 32 FAU, RPL10A...... 2.22E-16

to membrane

ID Name Gene Gene p-value
number symbol

Up-regulated KEGG:5322 Systemic lupus erythematosus 42 HIST1H2AB, 0
genes HIST1H2AE......
Down- KEGG:5146 Amoebiasis 16 ACTN1, GNA11...... 0.000512052
regulated KEGG:4621 NOD-like receptor signaling 11 BIRC3, CCL2...... 0.000547511
genes pathway

KEGG:4115 p53 signaling pathway 12 BAI1, CDKN1A...... 0.000615533
KEGG:5222 Small cell lung cancer 13 BIRC3, ITGA2...... 0.001493752
KEGG:360 Phenylalanine metabolism 5 AOC3, GOT1...... 0.002558543
KEGG:5144 Malaria 9 CCL2, CD81...... 0.002919392
KEGG:5142 Chagas disease 

(American trypanosomiasis) 14 CCL2, FOS...... 0.003430112
KEGG:4380 Osteoclast differentiation 16 CSF1, FOS...... 0.003879054
KEGG:5200 Pathways in cancer 31 BIRC3, BMP2...... 0.006552164

Table I. The top 10 enriched GO functions and KEGG pathways for the DEGs. 
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Figure 1. PPI network for the proteins encoded by the DEGs. Red and green circles stand for the up- and down-regulated
genes, respectively.
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from the PPI network (Figure 2). And the en-
riched GO functions and KEGG pathways for the
DEGs in the modules were listed in Table II.
Module A had 46 nodes and 776 interactions.
The enriched GO functions for DEGs in module
A included translation (p-value = 8.51E-64) and
ribosome biogenesis (p-value = 1.19E-07). The
enriched KEGG pathways for DEGs in module A
included Ribosome (p-value = 2.39E-54). 

Module B had 11 nodes and 46 interactions.
The enriched GO functions for DEGs in module
B included RNA splicing (p-value = 6.99E-16)
and mRNA processing (p-value = 2.14E-15). The
enriched KEGG pathways for DEGs in module B
included spliceosome (p-value = 3.81E-11). 

Module C had 9 nodes (such as ANXA1) and
36 interactions. The enriched GO functions for
DEGs in module C included inflammatory re-
sponse (p-value = 2.12E-05) and regulation of
cell proliferation (p-value = 0.008809). The en-
riched KEGG pathways for DEGs in module C
included chemokine signaling pathway (p-value
= 1.26E-06) and cytokine-cytokine receptor in-
teraction (p-value = 6.75E-06). 

Module D had 10 nodes (such as ANXA1)
and 44 interactions. The enriched GO functions
for DEGs in module D included elevation of cy-
tosolic calcium ion concentration (p-value =
3.98E-09). The enriched KEGG pathways for
DEGs in module D included calcium signaling
pathway (p-value = 0.001613) and neuroactive
ligand-receptor interaction (p-value = 0.004944). 

Module E had 14 nodes (such as EGR1 and
BCL6) and 56 interactions (such as FOS-EGR1).
The enriched GO functions for DEGs in module
E included regulation of transcription from RNA
polymerase II promoter (p-value = 2.10E-09).
The enriched KEGG pathways for DEGs in mod-
ule E included toll-like receptor signaling path-
way (p-value = 3.96E-04) and MAPK signaling
pathway (p-value = 0.006582). 

Module F had 12 nodes (such as SOD2 and
FOS) and 46 interactions (such as FOS-SOD2).
The enriched GO functions for DEGs in module
F included response to drug (p-value = 6.68E-09)
and response to molecule of bacterial origin (p-
value = 1.06E-13). The enriched KEGG path-
ways for DEGs in module F included toll-like re-
ceptor signaling pathway (p-value = 1.18E-06)
and pathways in cancer (p-value = 3.62E-04).

LncRNA analysis
After lncRNA-DEG pairs (e.g.

TCONS_00003876-EGR1, TCONS_00003876-
FOS, lnc-HOXC4-3:1-FOS, lnc-HOXC4-3:1-
BCL6B, lnc-TEAD4-1:1-FOS and lnc-TEAD4-
1:1-BCL6B) were screened, KEGG pathway en-
richment analyses were conducted for DEGs co-
expressed with each lncRNA. Especially, co-ex-
pressed DEGs of TCONS_00003876, lnc-
HOXC4-3:1 and lnc-TEAD4-1:1 were enriched
in p53 signaling pathway, MAPK signaling path-
way and cancer related pathways, respectively
(Table III).

Figure 2. Module A, B, C, D, E and F obtained from the PPI network of the DEGs. Red and green circles represent for the
up- and down-regulated genes, respectively.
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ID Name Gene Gene p-value
number symbol

Module-A GO:0006412 Translation 42 RPL18, PL27A...... 8.51E-64
GO:0042254 Ribosome biogenesis 8 EIF4A3, RPS19...... 1.19E-07

Module-B GO:0008380 RNA splicing 10 PRPF19, GTF2F1...... 6.99E-16
GO:0006397 mRNA processing 10 PRPF19, GTF2F1...... 2.14E-15

Module-C GO:0006954 Inflammatory response 5 CXCL2, ANXA1...... 2.12E-05
GO:0042127 Regulation of cell proliferation 4 S1PR1, ANXA1...... 0.008809

Module-D GO:0007204 Elevation of cytosolic calcium 6 EDNRB, GNA15...... 3.98E-09
ion concentration

Module-E GO:0006357 Regulation of transcription 10 EGR1, BCL6...... 2.10E-09
from RNA polymerase II 
promoter

Module-F GO:0042493 Response to drug 7 FOS, SOD2...... 6.68E-09
GO:0002237 Response to molecule of 8 FOS, IL6...... 1.06E-13

bacterial origin

ID Name Gene Gene p-value
number symbol

Module-A KEGG: 03010 Ribosome 32 RPL18, RPL27A...... 2.39E-54
Module-B KEGG03040 Spliceosome 8 PRPF19, PCBP1...... 3.81E-11
Module-C KEGG:04062 Chemokine signaling pathway 6 CXCL5, CCL21...... 1.26E-06

KEGG:04060 Cytokine-cytokine receptor 6 CXCL3, CCR1...... 6.75E-06
interaction

Module-D KEGG:04020 Calcium signaling pathway 4 EDNRB, GNA15, 0.001613
AVPR1A, OXTR

KEGG:04080 Neuroactive ligand-receptor 4 EDNRB, F2RL1, 
interaction AVPR1A, OXTR 0.004944

Module-E KEGG:04620 Toll-like receptor signaling 4 FOS, IL6, IL8, JUN 3.96E-04
pathway

KEGG:04010 MAPK signaling pathway 4 FOS, DUSP1, JUN, 0.006582
JUND

Module-F KEGG:04620 Toll-like receptor signaling FOS, IL6...... 1.18E-06
pathway 6

KEGG:05200 Pathways in cancer 6 FOS, IL8...... 3.62E-04

Table II. The top 10 enriched GO functions and KEGG pathways for DEGs in module A, B, C, D, E and F 
of the PPI network for the DEGs.

lncRNA ID Name Gene Gene p-value
number symbol

TCONS_ KEGG:4115 p53 signaling pathway 4 CDKN1A, SERPINB5, 0.001447
00003876 GADD45B, SESN2

KEGG:4010 MAPK signaling pathway 5 JUND, JUN, DUSP5, 0.044636
FOS, GADD45B

KEGG:5219 Bladder cancer 2 CDKN1A, VEGFC 0.037511
lnc-HOXC KEGG:4115 p53 signaling pathway 5 CDKN1A, IGFBP3, 0.038912
4-3:1 GADD45A, PPM1D,

SESN2
KEGG:4010 MAPK signaling pathway 13 NTRK2, FOS…… 0.033283
KEGG:5200 Pathways in cancer 19 LAMB3, FOS…… 0.00149

lnc-TEAD KEGG:5210 Colorectal cancer 5 JUN, MYC, MAP2K1, 0.024433
4-1:1 FOS, TCF7L1

KEGG:4010 MAPK signaling pathway 13 NTRK2, FOS…… 0.02663
KEGG:4115 p53 signaling pathway 5 CDKN1A, SERPINB5, 0.034686

PPM1D, GADD45B,
SESN2

KEGG:5216 Thyroid cancer 3 MYC, MAP2K1, TCF7L1 0.041256

Table III. The top 10 enriched KEGG pathways for the DEGs co-expressed with lncRNA TCONS_00003876, 
lnc-HOXC4-3:1 and lnc-TEAD4-1:1. 
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Discussion

In this study, total 209 lncRNA transcriptions
were predicted, including 84 lncRNAs transcrip-
tions with more than 50% overlapping compared
to known lncRNAs. Moreover, 996 differentially
expressed transcriptions, including 92 up-regu-
lated transcriptions and 904 down-regulated tran-
scriptions were screened. The functions of
macromolecular complex assembly, macromole-
cular complex subunit organization and SRP-de-
pendent cotranslational protein targeting to mem-
brane were enriched for the DEGs.

As a member of calcium/phospholipid-bind-
ing and actin regulatory proteins family29,
ANXA1 was found in the module C and D of the
PPI network for the DEGs. ANXA1 may play
multiple role in development, metastase, and pro-
gression of breast cancer30. In MCF-7 breast can-
cer, ANXA1 may function as a tumor suppressor
gene and regulate the proliferative of estrogens31.
Combing with the IκB kinase complex, ANXA1
functions in activation of nuclear factor-κB (NF-
κB) in breast cancer cells, and may has therapeu-
tic potential in suppression of breast cancer
metastasis32. By specific activating the NF-κB
signaling pathway, ANXA1 can positive regulate
expression of matrix metallopeptidase 9 (MMP9)
and invasion of breast tumor cells33. Thus, the
expression levels of ANXA1 might have relation
to HER2-positive breast cancer.

EGR1 functions in the repression of N-myc
downregulated gene 1 (NDRG1) by combing
with T-box 2 (TBX2) and plays a role in driving
proliferation of breast cancer cells34. EGR1 may
involve in breast cancer cell development and act
as an important breast cancer marker35.
DNAzymes targeting EGR-1 may inhibit multi-
ple important tumorigenic processes, indicating
that it may be used as anti-cancer agents36. Ex-
pression of EGR1 decreases in estrogen receptor
(ER)-negative human breast carcinomas and may
has relation to the pathogenesis of breast carcino-
mas37. BCL6 also involved in mammary epithe-
lial differentiation and carcinogenesis38. These
declared that EGR1 and BCL6 might be associat-
ed with HER2-positive breast cancer. 

As a mitochondrial matrix enzyme, man-
ganese superoxide dismutase (MnSOD) is encod-
ed by SOD239. Overexpression of MnSOD in tu-
mor derived cell lines can attenuate malignant
phenotype and then lower metastatic potential of
them40-42. Previous study suggests that MnSOD
may be a new type of tumor suppressor gene43.
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The c-FOS protein may function as a tumour-sup-
pressor and may play a role in apoptosis44. These
might indicate that the expression levels of SOD2
and FOS had relation to HER2-positive breast
cancer. FOS could interact with EGR1 and SOD2
separately in module E and F of the PPI network
for the DEGs, suggesting that FOS might also
play a role in HER2-positive breast cancer
through regulating EGR1 and SOD2. There were
many interaction relationships between lncRNAs
and DEGs (e.g. TCONS_00003876-EGR1,
TCONS_00003876-FOS, lnc-HOXC4-3:1-FOS,
lnc-HOXC4-3:1-BCL6B, lnc-TEAD4-1:1-FOS
and lnc-TEAD4-1:1-BCL6B), meanwhile, co-ex-
pressed DEGs of TCONS_00003876, lnc-
HOXC4-3:1 and lnc-TEAD4-1:1 were enriched in
p53 signaling pathway, MAPK signaling pathway
and cancer related pathways, respectively. These
suggested that TCONS_00003876, lnc-HOXC4-
3:1 and lnc-TEAD4-1:1 might involve in HER2-
positive breast cancer by mediating their co-ex-
pressed genes.

Conclusions

We conducted a comprehensive bioinformat-
ics analysis of genes and lncRNAs which might
associate with breast cancer. Total 209 lncRNA
transcriptions were predicted, meanwhile, 996
differentially expressed transcriptions were
screened. Besides, ANXA1, EGR1, BCL6, SOD2,
FOS, TCONS_00003876, lnc-HOXC4-3:1 and
lnc-TEAD4-1:1 might correlate with HER2-posi-
tive breast cancer. However, further researches
are still needed to illuminate their functions in
HER2-positive breast cancer.
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