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Studies have shown the difference appearing among the prognosis of patients in
different age groups. However, the molecular mechanism implicated in this disparity
have not been elaborated. In this study, expression profiles of female breast cancer
(BRCA) associated mRNAs, lncRNAs and miRNAs were downloaded from the TCGA
database. The sample were manually classified into three groups according to their
age at initial pathological diagnosis: young (age ≤ 39 years), elderly (age ≥ 65 years),
and intermediate (age 40–64 years). lncRNA-miRNA-mRNA competitive endogenous
RNA (ceRNA) network was respectively constructed for different age BRCA. Then, the
biological functions of differentially expressed mRNAs (DEmRNAs) in ceRNA network
were further investigated by Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis. Finally, survival analysis was used to identify
prognostic biomarkers for different age BRCA patients. We identified 13 RNAs, 38
RNAs and 40 RNAs specific to patients aged ≤ 39 years,aged 40–64 years, and
aged ≥ 65 years, respectively. Furthermore, the unique pathways were mainly enriched
in cytokine-cytokine receptor interaction in patients aged 40–64 years, and were mainly
enriched in TGF-beta signaling pathway in patients aged ≥ 65 years. According to the
survival analysis, AGAP11, has-mir-301b, and OSR1 were respectively functioned as
prognostic biomarkers in young, intermediate, and elderly group. In summary, our study
identified the differences in the ceRNA regulatory networks and provides an effective
bioinformatics basis for further understanding of the pathogenesis and predicting
outcomes for different age BRCA.

Keywords: age, breast cancer, ceRNA network, lncRNA, miRNA

INTRODUCTION

Breast cancer (BRCA) is one of the common cancers in women worldwide, and its incidence
is increasing year by year. Some studies have demonstrated that the younger and older BRCA
patients had a poorer prognosis compared with the intermediate age patients (Brandt et al.,
2015). However, the molecular mechanism implicated in this disparity have not been elaborated.
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Thus, it is crucial to explore molecular pathogenesis and
intracellular signaling pathways, and identify new diagnosis,
therapy, and prognosis indicator for different age BRCA patients.
A large number of studies have demonstrated that competitive
endogenous RNAs (ceRNAs) perform important roles in the
genesis, development, and prognosis of BRCA (Qi et al., 2015).
The ceRNA hypothesis proposed by Salmena et al. (2011), a new
regulatory mechanism between coding mRNA and non-coding
RNA (ncRNA), affect mRNA functions at the posttranscriptional
level. The lncRNAs sever as ceRNAs to communicate with
mRNAs by competitively binding to miRNAs. Many ceRNAs
act as main regulators that disrupt the expression levels of
target genes (Ergun and Oztuzcu, 2015). Some research have
shown that lncRNA–miRNA–mRNA ceRNA network implicated
in the progression and prognosis of BRCA (Fan et al., 2018;
Naorem et al., 2020). However, the lncRNA–miRNA–mRNA
ceRNA network of different age BRCA have not yet been
explored as so far.

In this study, BRCA expression data of lncRNA, miRNA,
and mRNA from TCGA database and their corresponding
clinical data were collected. The sample were manually classified
into three groups according to their age at initial pathological
diagnosis: young, elderly and intermediate. After the analysis of
differentially expressed genes, we compared the ceRNA networks,
related enrichment analysis results, and key RNAs associated
with overall survival time for three age groups BRCA. Finally,
we found that some unique RNAs which were tightly related
to different age BRCA. Based upon this research, we can not
only further understand the molecular mechanism but also
provide potential diagnosis, treatment and prognosis biomarkers
for different age BRCA. Our results demonstrated that age
increased biological complexity of BRCA, and it is a factor that
must be considered in the diagnosis, treatment, and prognosis
of BRCA patients.

MATERIALS AND METHODS

Data Collection and Processing
The raw mRNA, lncRNA, and miRNA expression data and
clinical information of BRCA were acquired from TCGA Data
Portal1. Among them, mRNA and lncRNA sequencing data
were derived from 1,208 samples, including 112 normal samples
and 1,096 BRCA samples, and miRNA expression data from
1,193 samples, including 103 normal samples and 1,090 BRCA
samples. The sample were manually classified into three groups
according to patients age at initial pathological diagnosis: young
(age ≤ 39 years), elderly (age ≥ 65 years), and intermediate
(age 40–64 years). The cutoff points were set based on other
historical studies (Kan et al., 2018; Ma et al., 2020). In young
group, mRNA and lncRNA sequencing data were derived from 86
samples, including nine normal samples and 77 BRCA samples,
and miRNA expression data from 83 samples, including eight
normal samples and 75 BRCA samples. In elderly group, mRNA
and lncRNA sequencing data were derived from 369 samples,

1https://portal.gdc.cancer.gov

including 31 normal samples and 338 BRCA samples, and
miRNA expression data from 367 samples, including 29 normal
samples and 338 BRCA samples. In intermediate group, mRNA
and lncRNA sequencing data were derived from 753 samples,
including 72 normal samples and 681 BRCA samples, and
miRNA expression data from 743 samples, including 66 normal
samples and 677 BRCA samples. The relevant data acquired
from TCGA are publicly available and open-ended, and therefore
approval of the ethics committee was not required.

Identification of Differentially Expressed
mRNAs, miRNAs, and lncRNAs
The downloaded data were normalized, and differentially
expressed lncRNAs, miRNAs, and mRNAs in the BRCA and
normal tissue samples of different age women by using the
R software and edgeR Bioconductor package. The screening
criteria of the three kinds of dysregulated RNAs were as
follows: (a) absolute log2folds change (log2FC) > 2; (b) adjusted
P-value < 0.01. Corresponding heat maps and clustering were
generated using the gplots R package.

Prediction of lncRNA–miRNA and
miRNA–mRNA Interactions
The lncRNA–miRNA interaction was predicted by using
miRcode database2, and the differentially expressed lncRNAs
(DElncRNAs) and the differentially expressed miRNAs
(DEmiRNAs) which could be compared successfully were
obtained. Furthermore, TargetScan3, miRDB4, and miRTarBase5

were used to predict the target mRNAs of DEmiRNAs. Genes
exist in all three databases were considered as target genes of these
DEmiRNAs. To further enhance the credibility of bioinformatics
analysis, intersection between target mRNAs of miRNAs and
differentially expressed mRNA in BRCA was obtained by using
Venny diagram analysis, which was further analyzed as the
differentially expressed mRNA (DEmRNA). In the end, the
matched DElncRNA–DEmiRNA and DEmiRNA–DEmRNA
pairs were acquired.

Construction of the
DElncRNA–DEmiRNA–DEmRNA ceRNA
Network
Based on the obtained DElncRNA–DEmiRNA and DEmiRNA–
DEmRNA pairs, the ceRNA network of BRCA at different age
groups were reconstructed, which was visualized via Cytoscape
v3.7.1 software. Furthermore, the cytoHubba plugin was used to
identify the top 20 genes in the network based on closeness.

Gene Ontology and KEGG Pathway
Analysis
To explore the different potential biological processes of
dysregulated mRNAs in the ceRNA network of BRCA. Gene

2http://www.mircode.org
3http://www.targetscan.org/
4http://www.mirdb.org/miRDB/
5http://mirtarbase.mbc.nctu.edu.tw
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Ontology (GO) Biological Process enrichment analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis was performed using clusterProfiler R
package. GO and KEGG enrichment analyses were based
on the threshold of P < 0.05. Finally, we compared the
enrichment results and displayed the results using ggplot2 and
GO plot R packages.

Overall Survival Analysis
Setting the median as the screening standard and according to
the cancer expression data of every RNA in the ceRNA network,
we respectively classified the young (age ≤ 39 years), elderly
(age ≥ 65 years), and intermediate (age 40–64 years) samples into
two groups: high expression or low expression. Combined with
the survival time data for BRCA in TCGA, the survival R package
(version 3.4.3) was used to analyze the specific lncRNA, miRNA,
and mRNA associated with survival. P < 0.05 were considered
statistically significant.

Univariate and Multiple Cox Regression
Analysis
In order to better evaluate the prognostic value every RNA
which has statistical significance in overall survival analysis in the
ceRNA network, clinicopathological characteristics (including
histological type, clinical stage, lymph node status, ER status, PR
status, and Her2 status) was collected, and the univariate Cox
regression and multiple Cox regression analysis was adopted.
P < 0.05 were considered statistically significant.

RESULTS

Data Set Acquisition and Identification of
Deregulated RNAs
Using | log2FC| > 2 and P-value < 0.01 as screening cutoff
conditions, we calculated mRNA, miRNA, and lncRNA
expression profiles between BRCA samples and normal
samples at different age groups obtained from TCGA. In
group aged ≤ 39 years, there were 200 upregulated lncRNAs,
203 downregulated lncRNAs; 33 upregulated miRNAs, 20
downregulated miRNAs; 565 upregulated mRNAs, 552
downregulated mRNAs. In group aged 40–64 years, there
were 830 upregulated lncRNAs, 220 downregulated lncRNAs;
66 upregulated miRNAs, 20 downregulated miRNAs; 1,359
upregulated mRNAs, 764 downregulated mRNAs. In group
aged ≥ 65 years, there were 775 upregulated lncRNAs,
280 downregulated lncRNAs; 86 upregulated miRNAs, 15
downregulated miRNAs;1,410 upregulated mRNAs, 740
downregulated mRNAs. The heat maps and volcano plots of
lncRNAs, miRNAs, and mRNAs show the differences between
BRCA samples and normal samples at different age groups
(Supplementary Figures 1–3). We identified 245 common
deregulated ncRNAs (26 miRNAs, 219 lncRNAs, Supplementary
Figure 4), 126 ncRNAs (18 miRNAs, and 108 lncRNAs) specific
to BRCA aged ≤ 39 years, 347 ncRNAs (330 lncRNAs, 17

miRNAs) specific to BRCA aged 40–64 years, and 352 ncRNAs
(321 lncRNAs, 31 miRNAs) specific to BRCA aged ≥ 65 years.

ceRNA Network Construction and
Analysis
ceRNA networks of at different age BRCA were constructed
and are presented in Figures 1–3. For a better understanding
of the regulatory mechanism differences at different age groups,
based on the plug-in cytoHubba in Cytoscape we compared the
interactions and RNAs of three age groups. We identified 34
common network RNAs (10 mRNAs, nine miRNAs, 15 lncRNAs,
Supplementary Figure 5), 13 RNAs (eight lncRNAs, two
miRNAs, and three mRNAs) specific to BRCA aged ≤ 39 years,
38 RNAs (32 lncRNAs, two miRNAs, and four mRNAs) specific
to BRCA aged 40–64 years, and 40 RNAs (31 lncRNAs, one
miRNAs, and eight mRNAs) specific to BRCA aged ≥ 65 years
(Supplementary Tables 1–3). After counting the interaction
numbers of each RNA, we found the top three RNAs in the
three networks. For BRCA aged ≤ 39 years ceRNA network,
they were hsa−mir−204, hsa−mir−182, and hsa−mir−144. For
patients aged 40–64 years network, the top three RNAs were
hsa−mir−204, hsa−mir−145, and hsa−mir−122. For BRCA
aged ≥ 65 years network, the top three RNAs were hsa−mir−204,
hsa−mir−145, and hsa−mir−182. We assumed them as hub
RNAs which may play important roles in the different aged BRCA
network. Bar plots are shown in Figures 1–3.

Function Annotation of ceRNA Network
Under the threshold of P < 0.05, different age BRCA DEmRNAs
had 127 common GO biological process (BP) enrichment terms.
For BRCA patients aged ≤ 39 years, the unique BP terms
enriched in cancer-related functions were mainly endothelial cell
activation, mitotic cytokinetic process, and hyaluronan metabolic
process. For patients aged 40–64 years, the unique cancer-
related BP terms were mainly related to cellular response to
tumor necrosis factor, protein kinase A signaling, peptidyl-
tyrosine phosphorylation, and regulation of phosphatidylinositol
3-kinase activity. For patients aged ≥ 65 years, the unique
cancer-related BP terms were mainly negative regulation of
metalloendopeptidase activity and extracellular regulation of
signal transduction. According to KEGG pathway analysis, the
common cancer-related pathways of different age BRCA ceRNA
network were MAPK signaling pathway. For patients aged 40–
64 years, the unique KEGG terms were mainly cytokine-cytokine
receptor interaction. The unique pathways of the patients
aged ≥ 65 years ceRNA network included TGF-beta signaling
pathway, TNF signaling pathway, and MicroRNAs in cancer.
These enrichment results are shown in Figure 4 and Tables 1,2.

Overall Survival Analysis of RNAs in the
ceRNA Network
After testing all of the RNAs in the ceRNA network, KM
analysis was performed to investigate the association between
DERNAs of the ceRNA network and the prognosis of BRCA
patients, and survival curves of different age groups BRCA
patients were obtained. For patients aged ≤ 39 years,
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FIGURE 1 | ceRNA networks of BRCA patients aged ≤ 39 years. Red represents upregulation, and green represents downregulation. miRNAs, LncRNAs, and
mRNAs in the networks are represented as round rectangles, diamonds, and circles, respectively. Bar plots show the key genes that have the top interaction
numbers in whole networks.
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FIGURE 2 | ceRNA networks of BRCA patients aged 40–64 years. Red represents upregulation, and green represents downregulation. miRNAs, LncRNAs, and
mRNAs in the networks are represented as round rectangles, diamonds, and circles, respectively. Bar plots show the key genes that have the top interaction
numbers in whole networks.

only one lncRNA, AGAP11 was the relevant RNAs
associated with survival time (P < 0.05) (Figure 5). For
patients aged 40–64 years, five lncRNAs (ADAMTS9-AS1,

LINC00461, LINC00536, SYNPR-AS1, and MME-AS1),
and two miRNAs (has-mir-137 and has-mir-301b) were
the relevant RNAs associated with survival time (P < 0.05)
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FIGURE 3 | ceRNA networks of BRCA patients aged ≥ 65 years. Red represents upregulation, and green represents downregulation. miRNAs, LncRNAs, and
mRNAs in the networks are represented as round rectangles, diamonds, and circles, respectively. Bar plots show the key genes that have the top interaction
numbers in whole networks.

(Figure 6). For patients aged ≥ 65 years, seven lncRNAs
(AC027288.1, AC073342.2, AC110491.1, AC128709.1,
ADAMTS9-AS1, AL021395.1, and TBL1XR1-AS1), two

mRNAs (KIT and OSR1), and one miRNA (hsa-mir-
383) were the relevant RNAs associated with survival time
(P < 0.05) (Figure 7).
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FIGURE 4 | GO biological process and KEGG analyses of DEmRNAs involved in the ceRNA networks. (A) GO biological process analysis of BRCA patients
aged ≤ 39 years; (B) Results of KEGG analysis of BRCA patients aged ≤ 39 years; (C) GO biological process analysis of BRCA patients aged 40–64 years;
(D) Results of KEGG analysis of BRCA patients aged 40–64 years; (E) GO biological process analysis of BRCA patients aged ≥ 65 years; (F) Results of KEGG
analysis of BRCA patients aged ≥ 65 years.
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Univariate and Multiple Cox Regression
Analysis
After performing KM analysis, clinicopathological characteristics
(including histological type, clinical stage, lymph node status, ER
status, PR status, and Her2 status, Supplementary Table 4) was
considered, and every RNA which has statistical significance in
overall survival analysis of each age group was subjected to the
univariate Cox regression and multiple Cox regression analysis.
For patients aged ≤ 39 years, AGAP11 was an independent
prognostic factors (Figure 8). For patients aged 40–64 years,
has-mir-301b has statistical differences both in univariate Cox
regression and in multiple Cox regression analysis (Figure 8). For
patients aged ≥ 65 years, OSR1 was an independent prognostic
factors (Figure 8).

DISCUSSION

Breast cancer is one of the most prevalent malignant tumor and
the main causes of cancer death among female worldwide. Studies
have shown the difference appearing among the prognosis of
patients in different age groups (El Chediak et al., 2017). However,
the molecular mechanism implicated in this discrepancy have not
been fully elaborated. The ceRNA networks is one of the useful
tool for confirming unique biomarkers for early diagnosis,
therapy, and prognosis for all kinds of tumors; however, the
construction of ceRNA networks among different age BRCA has
not been previously performed. This study aimed to construct the
ceRNA network for different age BRCA patients, which provides
valuable information to further explore the molecular mechanism
underlying tumorigenesis and development of disparate age
BRCA. Our whole workflow is shown in Figure 9. In our research,
there were 403 lncRNAs, 53 miRNAs, and 1,117 mRNAs in
BRCA aged ≤ 39 years; 1,050 lncRNAs, 86 miRNAs, and 2,123
mRNAs in BRCA aged 40–64 years; 1,055 lncRNAs, 101 miRNAs,
and 2,150 mRNAs in BRCA aged ≥ 65 years with differentially
expressed profiles were identified. The numbers of the three

kinds of differentially expressed RNAs were smaller in young
BRCA than in middle-aged and elderly BRCA, which revealed
that young BRCA patients has less heterogeneity.

After constructing the lncRNA–miRNA–mRNA ceRNA
networks of different age BRCA, we compared the three
networks, and found 34 common RNAs across different age
group ceRNA networks which played specific roles in each
age group through competing with diverse mRNAs. Among
the 34 common RNAs, hsa-mir-204, hsa-mir-182, and hsa-
mir-183 had more interactions than other RNAs. Through
consulting relevant literature, we found that hsa-mir-204,
hsa-mir-182, and hsa-mir-183 has been studied to some extent
in the field of BRCA. miR-204 took part in the regulation of
proliferation, invasion, metastasis, and apoptosis of BRCA cells
via immediately controlling FOXA1 (Shen et al., 2017). MiR-182
regulated the growth, invasion, and the HIF-1α-VEGF-A axis of
BRCA cells via manipulating FBXW7 (Chiang et al., 2016). The
miR-183 overexpression were related to a negative consequence
among women BRCA (Marino et al., 2014). In present study,
down-regulated hsa-mir-204 and up-regulated hsa-mir-182 and
hsa-mir-183 not only had involved with ceRNA network but
also had more interactions than other RNAs in three age groups.
These results illustrated that hsa-mir-204, hsa-mir-182, and
hsa-mir-183 regulation are crucial for the development of all ages
female patients with BRCA, which were in line with most of the
previous studies (Li et al., 2014; Wang K. et al., 2019).

In order to explore the unique diagnostic and prognostic
indicators, as well as therapeutic targets of different age BRCA,
we mainly focus on the specific RNAs of each age group. In BRCA
aged ≤ 39 years ceRNA network, hsa-mir-454 and FAM181A-
AS1 not only have specificity but also had more interactions. After
consulting the relevant documents, we found that hsa-mir-454
played a non-negligible role in the development and prognosis
of multiple tumor. For example, miR-454 restrained the growth
and invasion of ovarian cancer cells via regulating E2F6 (An
et al., 2020). The miR-454-3p may be a meaningfully standalone
prognosis marker for hepatocellular carcinoma (Li et al., 2019).

TABLE 1 | The main five unique GO biological processes of DEmRNAs involved in the ceRNA networks of different age BRCA patients.

Group ID Description P value

Age ≤ 39 years GO:0042118 Endothelial cell activation 0.011511585

GO:0060216 Definitive hemopoiesis 0.019116321

GO:1902410 Mitotic cytokinetic process 0.021953825

GO:0010769 Regulation of cell morphogenesis involved in Differentiation 0.033439692

GO:0030212 Hyaluronan metabolic process 0.035093312

Age 40–64 years GO:0050708 Regulation of protein secretion 0.000428592

GO:0071356 Cellular response to tumor necrosis factor 0.000659382

GO:0010737 Protein kinase A signaling 0.000958848

GO:0018108 Peptidyl-tyrosine phosphorylation 0.001497798

GO:0043551 Regulation of phosphatidylinositol 3-kinase activity 0.002646505

age ≥ 65 years GO:0018958 Phenol-containing compound metabolic process 0.01110598

GO:1904684 Negative regulation of metalloendopeptidase activity 0.01542851

GO:0042428 Serotonin metabolic process 0.01542851

GO:1900115 Extracellular regulation of signal transduction 0.016958658

GO:1901160 Primary amino compound metabolic process 0.02001207
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TABLE 2 | The common and unique KEGG pathway of DEmRNAs involved in the ceRNA networks of different age BRCA patients.

ID Description P value

Common hsa04010 MAPK signaling pathway

Age 40–64 years hsa04061 Viral protein interaction with cytokine and cytokine receptor 0.018415834

hsa04060 Cytokine-cytokine receptor interaction 0.022444793

hsa05224 Breast cancer 0.037674483

Age ≥ 65 years hsa05030 Cocaine addiction 0.004127995

hsa05034 Alcoholism 0.005532436

hsa05031 Amphetamine addiction 0.00804652

hsa05166 Human T-cell leukemia virus 1 infection 0.008567374

hsa04350 TGF-beta signaling pathway 0.014565067

hsa05215 Prostate cancer 0.01546109

hsa04668 TNF signaling pathway 0.020287074

hsa05206 MicroRNAs in cancer 0.021840761

hsa05165 Human papillomavirus infection 0.025931851

hsa04926 Relaxin signaling pathway 0.026421972

hsa04728 Dopaminergic synapse 0.027574614

hsa00360 Phenylalanine metabolism 0.031371877

hsa04934 Cushing syndrome 0.037069433

Zuo et al. (2019) demonstrated that hsa-miR-454 inhibited
glioblastoma through down-regulating NFATc2 expression. Song
identified that miR-454-3p accelerated the growth of cervical
cancer via manipulating TRIM3 (Song et al., 2019). About the
function of hsa-mir-454 in BRCA, one study found that MiR-454-
3p may be used as diagnosis and treatment biomarker for BRCA
metastasis patients (Ren et al., 2019). In present study, down-
regulated FAM181A-AS1 had more interaction level. However,
after reviewing the relevant literature, we found that there are
few studies about FAM181A-AS1. Considering its unique role
in patients aged ≤ 39 years ceRNA network, we speculated that
FAM181A-AS1 weighed heavily in the development of BRCA

FIGURE 5 | Overall survival analysis of RNAs in the ceRNA network of BRCA
patients aged ≤ 39 years.

aged ≤ 39 years. Therefore, the special function of FAM181A-
AS1 is needed to be further investigated for BRCA patients
aged ≤ 39 years.

In BRCA aged 40–64 years network, hsa-mir-206, hsa-
mir-122, TCL6, and LINC00261 have specificity in the top
twenty RNAs with more interactions. Via reviewing the relevant
literature, we found that the role of hsa-mir-206 and hsa-mir-
122 in BRCA had been extensively investigated in recent years.
For example, Samaeekia et al. (2017) demonstrated that miR-
206 played a crucial role in repressing stemness and metastasis
of BRCA through regulating MKL1/IL11 signal passage. Fu
et al. (2015) revealed that Hsa-miR-206 exerted the inhibition
of growth and aggression in BRCA cells through adjusting
Cx43. Wang et al. (2014) reported that miR-206 may be
served as a potential metastatic marker for triple-negative
BRCA. One study found that miR-122-5p inhibited CHMP3
expression via MAPK signaling pathway, which accelerated
invasion and epithelial-mesenchymal transition in triple-negative
BRCA (Wang and Wang, 2020). miR-122 repressed the growth
of BRCA cells through manipulating PI3K/Akt/mTOR/p70S6K
signaling pathway (Wang et al., 2012). Although the function
of hsa-mir-206 and hsa-mir-122 in BRCA attract widespread
attention, however, we found that they are exclusive for BRCA
aged 40–64 years ceRNA network in present study. Therefore, we
assumed that hsa-mir-206 and hsa-mir-122 played crucial role
in the development of BRCA patients aged 40–64 years, which
need to be further explored. Recently, T cell leukemia/lymphoma
6 (TCL6), a less-studied lncRNA has been identified as a diagnosis
and prognostic marker in some cancer, such as clear cell renal
cell carcinoma, hepatocellular carcinoma (Liu et al., 2020; Luo
et al., 2020). About the function of TCL in BRCA, one study
revealed that TCL6 was associated with immune infiltration
and identified as a poor prognosis predicator in BRCA patients
(Zhang Y. et al., 2020). LINC00261 has an inhibitory effect
on several kinds of cancer, and was identified as a prognostic
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FIGURE 6 | Overall survival analysis of RNAs in the ceRNA network of BRCA patients aged 40–64 years.

indicator guided clinical practice, such as lung cancer, pancreatic
cancer (Guo C. et al., 2020; Wang X. et al., 2020). Guo G. et al.
(2020) demonstrated that LINC00261 was downregulated in
BRCA tissues compared with adjacent normal tissues. However,
in present study, we found that LINC00261 was upregulated in
the cancer tissues for aged 40–64 years BRCA patients. This
contradiction may be related with inclusion criteria of patients,
and need to be further explored in the future.

Among the unique RNAs of BRCA aged ≥ 65 years network,
hsa-mir-503 and ERVH48-1 have more interaction levels. By
consulting the pertinent literature, we found that the function
of hsa-mir-503 in BRCA have been extensively investigated
in recent years. Zhao et al. (2017) demonstrated that miR-
503-3p induced epithelial-mesenchymal transition in BRCA via
immediately manipulating SMAD2 and E-cadherin. Yan et al.
(2017) reported that mir-503/IGF-1R pathway play important
role in controlling the growth and aggression of BRCA cells.

Another study showed that mir-503 repressed the BRCA cells
vitality through regulating CCND1 (Long et al., 2015). Although
the vital role of hsa-mir-503 in BRCA was identified by these
literature, the mir-503 dysregulation was only found in BRCA
aged ≥ 65 years network in our study. Therefore, we presumed
that hsa-mir-503 may be play crucial role in the pathogenesis
of BRCA patients aged ≥ 65 years. ERVH48-1, an endogenous
retroviral provirus, plays a role in tumor formation. Zhang et al.
(2019) demonstrated that lncRNA ERVH48-1 may be act as a
latent signature of prognosis and treatment for tongue squamous
cell carcinoma patients. Qi et al. (2019) confirmed ERVH48-1 as
a latent prognostic element for lung squamous cell carcinoma
patients based on the ceRNA network analysis. Our study is the
first report of the key role of ERVH48-1 in ceRNA networks,
and its dysregulation is crucial for the development of BRCA
aged ≥ 65 years. The special function of ERVH48-1 in BRCA still
needs to be further explored.
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FIGURE 7 | Overall survival analysis of RNAs in the ceRNA network of BRCA patients aged ≥ 65 years.

To explore the potential biological functions of DEmRNAs
involved in ceRNA network in different age BRCA, we performed
GO and KEGG pathway analysis. In DEmRNA-related GO and
KEGG terms, we mainly concerned the unique BP terms and

pathway of different age groups. In group aged ≤ 39 years, the
unique BP terms mainly included endothelial cell activation,
mitotic cytokinetic process, and hyaluronan metabolic process.
It should be noted that we have not enriched the unique KEGG
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FIGURE 8 | Independent prognostic analysis of RNAs in the ceRNA network of BRCA patients in three age groups.
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FIGURE 9 | The flow diagram of this study.

pathway in this group, and may be related with case number and
the cutoff criteria of DEmRNA. For patients aged 40–64 years,
the unique BP terms were mainly related to cellular response
to tumor necrosis factor, protein kinase A signaling, peptidyl-
tyrosine phosphorylation, and regulation of phosphatidylinositol
3-kinase activity; the unique KEGG pathway were mainly
cytokine-cytokine receptor interaction. In group aged ≥ 65 years,
the unique BP terms mainly included negative regulation of
metalloendopeptidase activity, extracellular regulation of signal
transduction, primary amino compound metabolic process; the
unique KEGG pathways included TGF-beta signaling pathway,
TNF signaling pathway, and MicroRNAs in cancer. These
enrichment results might support that age adds pathogenesis
complexity in the BRCA, and our ceRNA network reflects special
mechanisms in different age BRCA. These unique mechanisms
worthy further to be concerned in drug development and refine
therapeutic strategies.

In present study, we also performed the overall survival
analysis, univariate and multiple Cox regression analysis of RNAs
in ceRNA network. For patients aged ≤ 39 years, AGAP11
is not only associated with overall survival time, but also
an independent prognostic factor. To date, no literature has
shown the link between AGAP11 and cancer survival. For
patients aged 40–64 years, there were five lncRNAs (ADAMTS9-
AS1, LINC00461, LINC00536, SYNPR-AS1, and MME-AS1),
and two miRNAs (has-mir-137 and has-mir-301b) identified
to be associated with the overall survival. Among the seven
overall survival related RNAs, has-mir-301b was identified as
an independent prognostic factor. ADAMTS9-AS1, LINC00536,
LINC00461, has-mir-137, and has-mir-301b have been reported
to be associated with development and prognosis of BRCA
(Ying et al., 2017; Dong et al., 2019). However, in this study,
we found that these five RNAs were only associated with the
prognosis of BRCA aged 40–64 years, which demonstrated
the difference of the pathogenesis and prognosis in different

age BRCA. Wang X. W. et al. (2019) identified that SYNPR-AS1
is overexpressed in female patients and adenocarcinoma of
non-small cell lung cancer. One study reported that MME-
AS1 was relative with prognosis in patients with intrahepatic
cholangiocarcinoma (Kang et al., 2020). For the first time, we
found that has-mir-301b played significant roles in the prognosis
of patients aged 40–64 years, therefore, we suggest that new
research can be carried out around it.

In addition, seven lncRNAs (AC027288.1, AC073342.2,
AC110491.1, AC128709.1, ADAMTS9-AS1, AL021395.1, and
TBL1XR1-AS1), two mRNAs (KIT and OSR1), and one miRNA
(hsa-mir-383) were identified as prognostic indicators concerned
with the overall survival in BRCA patients aged ≥ 65 years.
To our knowledge, there is no research to clearly explain the
function of AC027288.1, AC073342.2, AC128709.1, AL021395.1,
and TBL1XR1-AS1 so far. ADAMTS9-AS1, KIT, OSR1, and hsa-
mir-383 have been reported to be associated with the prognosis
of BRCA (Kashiwagi et al., 2013; Li et al., 2020; Zhang J.
et al., 2020). It is notable that KIT, OSR1, and hsa-mir-383 are
merely associated with overall survival time in BRCA patients
aged ≥ 65 years in present study. More interestingly, OSR1 is also
an independent prognostic factor for patients aged ≥ 65 years.
AC110491.1 has been reported to be linked with the prognosis
of endometrial carcinoma and bladder cancer (Ouyang et al.,
2019; Xu et al., 2019). For the first time, we found that
AC110491.1 is associated with overall survival time of BRCA
patients aged ≥ 65 years.

There are several limitations in present study. The number
of patients aged ≤ 39 years available in TCGA database was
relatively small, and thus more datasets are required for further
validation. In addition, the findings of the present study should be
verified and extended in larger studies, which will be conducted
in our further studies. In summary, we identified the differences
in the ceRNA regulatory networks for different age female BRCA.
These unique RNAs might have clinical value for the diagnosis,
refine therapeutic strategies and prognosis prediction in different
age female BRCA patients. The results of the current study
might be the foundation for future basic and clinical research. In
addition, it is worth mentioning that several RNAs related to the
diagnosis and prognosis were reported by multiple literatures are
special for BRCA patients in certain age group, which indicated
the importance of stratifying analysis and personalized medicine
for BRCA patients according to age.
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