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endogenous RNA regulation in
tissue-derived exosomes from
luminal B and triple-negative
breast cancer patients
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Background: Luminal B and triple-negative breast cancer (TNBC) are malignant
subtypes of breast cancer (BC), which can be attributed to the multifaceted roles of
tissue-derived exosomes (T-exos). Competing endogenous RNA (ceRNA)
networks can regulate gene expression post-transcriptionally.

Methods: RNAs in T-exos from luminal B BC (n=8) and TNBC (n=8) patients were
compared with those from persons with benign breast disease (n=8). The
differentially expressed (DE) mRNA, microRNA (miRNA), and long noncoding
RNA (IncRNA) target genes were annotated using Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) to reveal the relevant
biological processes.The ceRNA networks were constructed to show distinct
regulation, and the mRNAs involved were annotated. The miRNAs involved in
the ceRNA networks were screened with the Kaplan—Meier Plotter database to
identify dysregulated ceRNAs with prognostic power.

Results: In total, 802 DE mRNAs, 441 DE IncRNAs, and 104 DE miRNAs were
identified in luminal B BC T-exos, while 1699 DE mRNAs, 590 DE IncRNAs, and 277
DE miRNAs were identified in TNBC T-exos. Gene annotation revealed that the
RAS—-MAPK pathway was the primary biological process in luminal B BC T-exos,
while endocrine system development and growth were the main processes in
TNBC T-exos. Survival analysis established seven survival-related INcCRNA/miRNA/
MRNA regulations in luminal B BC T-exos, and nineteen survival-related IncRNA/
MiRNA/mMRNA regulations in TNBC T-exos.

Conclusion: In addition to survival-related ceRNA regulations, ceRNA regulation of
RAS—MAPK in luminal B and endocrine system development and growth regulation
in TNBC might contribute to the tumorigenesis of BC.
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Introduction

Breast cancer (BC) arises in the epithelium of the ducts or lobules of
the breast glandular tissue and is the most common cancer among
women. According to the GLOBOCAN 2020 data, BC is the fifth most
common cause of cancer-related deaths in the whole population (1).
Dysregulation of gene expression is a hallmark of BC with aggressive
biological behavior (2, 3). Gene expression profiling greatly facilitates the
diagnosis and treatment of BC patients by identifying four molecular
subtypes (1): luminal A, presence of the estrogen receptor (ER) and/or
the progesterone receptor (PR), absence of human epidermal growth
factor receptor 2 (HER2); (2) luminal B, ER positive, PR negative, and/or
HER2 positive; (3) HER2-enriched; (4) triple-negative breast cancer
(TNBC), ER negative, PR negative, and HER2 negative (4). On the other
hand, breast cancer cell lines can be genetically and epigenetically
categorized into five subtypes, i. e., luminal A, luminal B, HER2
positive, triple negative A, and triple negative B (5). Among these
subtypes, luminal B requires more aggressive treatment, and TNBC is
frequently of a high grade and has a high rate of recurrence (6).

A rapid and efficient way to regulate gene expression is via the
regulation of mRNA stability through a post-transcriptional
mechanism. Among the various regulation mechanisms, the
competing endogenous RNA (ceRNA) network plays an essential
role in the carcinogenesis and progression of BC (7). Long noncoding
RNAs (IncRNAs) can function as ceRNAs to sequester microRNAs
(miRNAs) and prevent the downregulation of target mRNAs.
Recently, several ceRNA networks have been determined to have
fundamental roles in BC development, thus establishing hallmarks of
this disease (8). However, limited research has been performed to
decipher the subtype-specific ccRNA networks.

As a lipid-bilayer membrane secreted by parent cells, exosomes
can transfer lipids, proteins, and nucleic acids to mediate intercellular
communication and signal transduction between parent and recipient
cells (9). Emerging evidence demonstrates that exosomes in the tumor
microenvironment promote the reprogramming and recruitment of
relevant constituents (10, 11). Great attention has been paid to tissue-
derived exosomes to identify the tissue-specific microenvironment
background, which can reflect the pathophysiological characteristics
of the tumor microenvironment (12). Thus, the relevant ceRNA
network in exosomes derived from BC tissue will open a new
window to decipher the hidden aspects of different subtypes of BC.

This study aimed to construct the dysregulated RNA [long
intergenic noncoding RNA (IncRNA), miRNA, and mRNA] atlas
and the ceRNA network based on IncRNA/miRNA/mRNA regulation
Figure 1. Our data suggest that ceRNA regulatory profiles could
be valuable predictive parameters for patient survival. Further
investigation might greatly promote understanding of the post-
transcriptional mechanism underlying different subtypes of BC.

Abbreviations: TNBC, triple-negative breast cancer; BC, breast cancer; ceRNA,
competing endogenous RNA; DE, differentially expressed; miRNA, microRNA;
IncRNA, long noncoding RNA; GO, gene ontology; KEGG, Kyoto Encyclopedia of
Genes and Genomes; HER2, human epidermal growth factor receptor 2; ER,
estrogen receptor; PR, progesterone receptor; RRAS, the RAS-related protein;
RASA4, RAS P21 protein activator 4; PAK6, P21 activated kinase 6; TPBG,
trophoblast glycoprotein; HRH1, histamine receptor 1.
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Materials and methods
Clinical specimens

BC tissues were obtained from patients undergoing primary
resection at Yantai Yuhuangding Hospital. Luminal B BC (n=8) was
diagnosed by the expression of ER and/or PR and the overexpression of
HER2. TNBC (n=8) was diagnosed by immunohistochemistry and
characterized by the lack of expression of ER, PR, and HER2.
Individuals with benign breast disease were enrolled in the control
group (n=8). Written informed consent was obtained from each
participant, and the study was approved by the Ethics Board of
Yantai Yuhuangding Hospital.

Separation of tissue-derived exosomes

BC tissue and normal tissue were dissociated with a Human
Tumor Dissociation Kit, according to the manufacturer’s instructions
(Miltenyi Biotec, cat. no. 130-095-929). The dissociated tissue was
gently filtered through a 70-um filter twice to remove residual tissues.
The suspension was sequentially centrifuged (300xg at 4°C for 10 min
and 2000xg at 4°C for 10 min) to obtain the cell-free supernatant,
which was further centrifuged (10,000xg at 4°C for 20 min),
ultracentrifuged (150,000xg at 4°C for 2 h), resuspended in 1 mL of
phosphate-buffered saline, and further purified using Exosupur®
columns (Echobiotech, China). Fractions were concentrated to 200
UL by 100-kDa molecular weight cut-off Amicon® Ultra spin filters
(Merck, Germany). The size and morphology of the exosomes were
quantified with nanoparticle tracking analysis and transmission
electron microscopy. The markers of exosomes (CD9, CD63,
Tsgl01, and calnexin) were detected by western blot analyses.

Library preparation and sequencing

Total RNA in tissue-derived exosomes was extracted with an
miRNeasy Kit (Qiagen, Frederick, MD, USA). For mRNA and
IncRNA library construction, an EpicentreRibo—ZeroTM rRNA
Removal Kit (Epicentre Biotechnologies, Madison, WI, USA) was
first utilized to remove ribosomal RNA, and a NEBNext® Ultra™
Directional RNA Library Prep Kit was applied to generate library
fragments, which were further amplified on an Agilent Bioanalyzer
2100. In addition, a QIAseq miRNA Library Kit was utilized to
construct the miRNA library. Reverse transcription primers ligated
with unique molecular indices were applied to quantify the relative
miRNA expression levels on an Agilent Bioanalyzer 2100. Libraries
were sequenced on an Illumina NovaSeq6000 system (Illumina,
San Diego).

IncRNA and mRNA data quantification and
differential expression analysis

Raw FASTQ data were processed with in-house Perl scripts to
obtain the paired-end clean reads, which were aligned to GRCh38.
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Schematic outline of the workflow of this study. Tissue-derived exosomes from luminal B breast cancer and triple-negative breast cancer (TNBC) were
sequenced, and the differentially expressed (DE) mRNAs, miRNAs, and IncRNAs were calculated and annotated. The relevant ceRNA networks (IncRNA/
MiRNA/MRNA) of luminal B breast cancer and TNBC were constructed, and the intersection ceRNA network was identified.

Mapped reads were further utilized for gene expression quantification
and differential analysis. Coding potential and IncRNA target gene
prediction were performed as described previously (13). Coding-
Non-Coding-Index (V2), Pfam Scan (v1.3), Coding Potential
Calculator (0.9-r2), and Phylogenetic Codon Substitution
Frequency (v20121028) with default parameters were utilized to
predict the coding potential. Cis-acting IncRNAs were screened and
located within the 100-kb downstream and upstream regions of the
target genes. Additionally, the correlation between the differentially
expressed (DE) IncRNAs and potential trans-acting genes were
calculated (Pearson correlation, r>0.95). Differential expression
analysis was performed with the Mann-Whitney U test (FPKM>5,
P-value<0.05, and fold change>1.5).

miRNA data quantification and differential
expression analysis

FastX software was used to obtain clean reads, which were further
mapped to the GtRNAdb database, Repbase database, and Rfam
database using TopHat v2.0.981 and aligned to known mature
human miRNA sequences downloaded from the Human Reference
Genome (GRCh38). mirDeep2 (v2.0.0.5) was applied to predict novel
miRNAs and candidate target genes. The Mann-Whitney U test was
used for differential expression analysis (FPKM>5, P-value<0.05, and
fold change>1.5).

Gene ontology and Kyoto encyclopedia
of genes and genomes pathway
annotation analyses

DE genes and predicted target genes of the DE IncRNAs and
miRNAs were annotated with KOBAS software (14) or Metascape
(15) based on GO and KEGG analyses. Corrected P-values<0.05 was
considered to be significantly enriched.
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Construction of the ceRNA network

Predicted miRNA-mRNA interactions were retrieved from
miRanda, Targetscan, and miRWalk. Moreover, miRNA-IncRNA
interactions were predicted with miRanda and PITA. Finally, the
interaction information was integrated as follows: (1) negative
expression correlation; (2) Pearson correlation coefficient>0.5.

Overall survival analysis

The miRpower, a web database to screen overall survival-
associated miRNAs (2,178 BC patients), was utilized in this study
(16). Kaplan-Meier analysis was performed to screen the miRNAs
involved in the ceRNA network that was able to predict
patient survival.

Results

Dataset acquisition and identification of
dysregulated RNAs

Tissue exosomes derived from luminal B BC and TNBC were
analyzed for their size, morphology, and specific marker expression
(Supplementary Figure 1). RNA sequencing data from 16 BC samples
(8 luminal B BC samples and 8 TNBC samples) and 8 normal breast
samples were utilized to explore the potential risk of DE RNAs. A
total of 802 DE mRNAs (525 upregulated, 277 downregulated), 441
DE IncRNAs (241 upregulated, 200 downregulated), and 104 DE
miRNAs (69 upregulated, 35 downregulated) in luminal B BC tissues
compared with normal tissues, as well as 1,699 DE mRNAs (1040
upregulated, 659 downregulated), 590 DE IncRNAs (393 upregulated,
197 downregulated), and 277 DE miRNAs (213 upregulated,
64 downregulated) in TNBC compared with normal tissues
(Supplementary Table 1) were found. There were fewer of the three
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types of DE RNAs in luminal B BC than in TNBC, indicating less
heterogeneity in the former. In total, 378 shared dysregulated
mRNAs, 48 shared dysregulated miRNAs, and 120 shared
dysregulated IncRNAs were concordantly changed in luminal B BC
and TNBC (Supplementary Table 2). Notably, downregulated ER1
and PR were observed in tissue exosomes derived from TNBC tissues,
which was consistent with previous studies (17).

The DE genes identified in the tissue exosomes derived from
luminal B BC and TNBC were annotated with Metascape (Figure 2).
As expected, estrogen-dependent gene expression (R-HSA-9018519)
and response to hormone (G0O:0009725) were annotated in both
luminal B BC and TNBC. On the other hand, signaling by Rho
GTPases (R-HSA-194315), the RHO GTPase cycle (R-HSA-
9012999), and the VEGFA-VEGFR2 pathway (WP3888) were
annotated as significant signals that might contribute to the
development of both subtypes. In contrast, no BC subtype-specific
annotation was found.

The miRNA-targeted gene annotation analysis demonstrated that
the Hippo signaling pathway (ko04390), cell adhesion molecules
(ko04514), the MAPK signaling pathway (ko04010), and the
neuroactive ligand-receptor interaction (ko04080) were common
annotations in both luminal B BC (Figure 3A) and TNBC
(Figure 3B); while the phosphatidylinositol signaling system
(ko04070) and the JAK-STAT signaling pathway (ko04630) were
TNBC-specific pathways according to KEGG analysis. Among the DE
miRNAs identified, only hsa-miR-184, hsa-miR-206, hsa-miR-429,
hsa-miR-663a, and hsa-miR-760 related to the luminal B subtype
were breast neoplasm-associated miRNAs as retrieved in the Human
MicroRNA Disease Database. However, no breast neoplasm-
associated miRNAs were found in the TNBC subtype.

The IncRNA-targeted gene analysis demonstrated that the thyroid
hormone signaling pathway (hsa04919, Figures 4A, D) and the
osteoclast differentiation signaling pathway (hsa04380, Figures 4B,
D) were the common pathways annotated in both the luminal B and
TNBC subtypes. On the other hand, the estrogen signaling pathway
(hsa04915, Figure 4A) was annotated in luminal B BC, and the p53
(hsa04115, Figure 4C), PPAR (hsa03320, Figure 4D), and MAPK

02346 10

g feujwn
J8NL

FIGURE 2

Dysregulated biological functions of differentially expressed genes (DEGs) in tissue exosomes derived from luminal B breast cancer and triple-negative
breast cancer (TNBC) through enrichment analyses. The DEGs were submitted to Metascape, and the enriched terms were presented with Heatmap.
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signaling pathways (hsa04010, Figure 4D) were annotated in TNBC.
It is worth noting that few genes overlapped between the miRNA-
predicted gene intersection and the IncRNA-predicted gene
intersection, indicating that ceRNA regulation might be the main
type of regulation. In the following analysis, the possible ceRNA
regulation was deciphered in luminal B BC and TNBC.

ceRNA network in tissue exosomes derived
from the luminal B subtype

The ceRNA network in tissue exosomes derived from the luminal
B subtype was constructed (Figure 5A), and 46 nodes (16 IncRNAs, 15
miRNAs, and 15 mRNAs) and 71 interactions were found. To
decipher the potential biological functions of the ceRNA network,
the mRNAs involved were annotated with Metascape (Figure 5B) as
follows: the RAS-related protein R-RAS (RRAS), RAS P21 protein
activator 4 (RASA4), and P21 activated kinase 6 (PAK6) genes were
annotated into RAS signaling (WikiPathways, WP4223); RRAS,
trophoblast glycoprotein (TPBG), and PAK6 were annotated into
the regulation of the MAPK cascade (GO Biological Processes,
GO0:0043408); and histamine receptor 1 (HRH1), TPBG, and PAK6
were annotated into learning (GO Biological Processes, GO:
GO0:0007612). The relevant genes are framed with a dotted line
in Figure 5A.

It is worth noting that hsa-miR-1273h-5p, hsa-miR-10396b-5p,
and hsa-miR-2277-5p might regulate the RAS-MAPK pathway;
among these miRNAs, hsa-miR-1273h and hsa-miR-2277 could be
utilized to predict the survival of BC patients. In addition to hsa-miR-
1273h and hsa-miR-2277, hsa-miR-1908, hsa-miR-1268, hsa-miR-
7851, hsa-miR-6803, and hsa-miR-3178 involved in the ceRNA
network could predict the overall survival of BC patients
(Supplementary Figure 2), indicating that ceRNA regulation was
related to the survival of BC patients with the luminal B
subtype (Table 1).

On the other hand, based on the complex and topological
centrality characteristics, the dysregulated RAS-MAPK pathway-
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Dysregulated Kyoto Encyclopedia of Genes and Genomes (KEGG) annotation of differentially expressed (DE) miRNAs in tissue exosomes derived from
luminal B breast cancer and triple-negative breast cancer (TNBC). The DE miRNA-predicted target genes in tissue exosomes derived from luminal B
breast cancer (A) and TNBC (B) were annotated with KOBAS software. Corrected P-values <0.05 were considered to be significantly enriched.

FIGURE 4

Dysregulated Kyoto Encyclopedia of Genes and Genomes (KEGG) annotation of differentially expressed (DE) IncRNAs in tissue exosomes derived from
luminal B breast cancer and triple-negative breast cancer (TNBC). The DE trans-acting IncRNA-predicted target genes (A, C) and cis-acting IncRNA-
predicted target genes (B, D) in tissue exosomes derived from luminal B breast cancer (A, B) and TNBC (C, D) were annotated with KOBAS software
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FIGURE 5
Competing endogenous RNA (ceRNA) network in tissue exosomes derived from luminal B breast cancer. (A) The ceRNA network of tissue exosomes
derived from luminal B breast cancer based on INcRNA/miRNA/mRNA. (B) The mRNAs in the ceRNA network were annotated with Metascape (with
default parameters).

related RNAs were not the hub node in the ceRNA network. In order
to decipher the essentiality of the related RNAs, the hub RNAs
(SORBS3, ARVCF, HMG20B, HRH1, and hsa-miR-10396b-5p,
degree >5) in the ceRNA network in tissue exosomes derived from
the luminal B subtype are provided in Table 2. Among the hubs,
SORBS3 could co-activate ERo. signaling to repress STAT3 signaling
in hepatocellular carcinoma; however, the potential activation of ERa.
in luminal B BC requires further analysis. Altogether, these results
indicate that tissue exosomes derived from the luminal B subtype
might regulate the RAS-MAPK pathway and that ceRNA regulation
might predict the survival of luminal B BC patients.

ceRNA network in tissue exosomes derived
from the TNBC subtype

The ceRNA network in tissue exosomes derived from the TNBC
subtype was constructed, and 83 nodes (29 IncRNAs, 28 miRNAs, and

26 mRNAs) and 147 interactions were found (Figure 6A). Function
annotation of the ceRNA network with involved mRNAs was
performed with Metascape (Figure 6B). HOXAS5, PBX1, PITX1, and
ALOXI15B (framed with a dotted line) were annotated into endocrine
system development (GO Biological Process, GO:0035270).
Meanwhile, HOXAS5, SCAPER, and PAK6 (labeled with red arrows)
were annotated into growth (GO Biological Process, GO:0040007),
which might contribute to the high proliferation characteristics of
TNBC. All of these annotations indicated that tissue exosomes
derived from TNBC might regulate endocrine system (gland)
development and growth-related biological processes.

Among the miRNAs identified in the ceRNA network, hsa-miR-
7851-3p and hsa-miR-10396b-5p were the hub node (Table 2). On
the other hand, 19 miRNAs (hsa-miR-4725, hsa-miR-449a, hsa-
miR-3187, hsa-miR-6125, hsa-miR-4763, hsa-miR-2277, hsa-miR-
4741, hsa-miR-4446, hsa-miR-1306, hsa-miR-2278, hsa-miR-185,
hsa-miR-6764, hsa-miR-1343, hsa-miR-3151, hsa-miR-3198, hsa-
miR-4478, hsa-miR-449b, hsa-miR-6780a, hsa-miR-4707, and hsa-

TABLE 1 The potential ceRNAs in tissue exosomes derived from luminal B BC patients that predict patient survival.

IncRNA

MSTRG.1293794.213, NONHSAT193357.1

miRNA

hsa-miR-1908-5p

mRNA

OGFR, AC068580.4

LLGL1 hsa-miR-1268 DES

OAZ1 hsa-miR-7851-3p ALGI12, HOXA5
SORBS3 hsa-miR-1273h RRAS
NONHSAT135873.2 hsa-miR-2277-5p TPBG, CYP4X1
SORBS3, ZNF207 hsa-miR-6803-5p PAPPA2
SORBS3, MSTRG.662649.52 hsa-miR-3178 ARVCF
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TABLE 2 The hub RNAs (degree>5) in the ceRNA network in tissue exosomes derived from luminal B BC and TNBC patients.

Luminal B
Hub Expression Expression
SORBS3-203 12 Down PAK6 18 Down
ARVCF 6 Down hsa-miR-10396b-5p 10 Up
HMG20B-211 6 Down WBP2-207 10 Down
HRH1 6 Down ZFYVE21-209 9 Down
hsa-miR-10396b-5p 6 Up OAZ1-208 8 Up
SORBS3-203 7 Down
SNUPN 7 Down
ANTXRI1-204 7 Down
ALGI12 7 Down
CYB5D2 7 Down
hsa-miR-7851-3p 6 Up
CALCOCO1 6 Down
PAMRI1 6 Down
AP001931.2 6 Down

The RNAs labeled in red font were also the intersection ceRNAs listed in Table 3.

miR-4689) were identified to have predictive value in BC
(Supplementary Figure 3), and the potential ceRNAs that can
predict patient survival are provided in Table 4. On the other
hand, the mRNAs that have been demonstrated to be associated
with patient survival are labeled in red. These data indicate that in
addition to survival-related ceRNA regulation, endocrine system
(gland) development and growth-related ceRNA regulation should
be deciphered in the future.

The intersected ceRNAs in tissue exosomes
derived from the luminal B and
TNBC subtypes

The intersected ceRNAs in tissue exosomes derived from luminal
B BC and TNBC patients [IncRNA OAZ1/miRNA hsa-miR-7851-3p/
multiple mRNAs (ALG12 and HOXAS5), multiple IncRNAs (COTLI1,
HMG20B, SORBS3)/miRNA hsa-miR-10396b-5p/mRNA PAK6] are
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TABLE 3 The intersection ceRNAs in tissue exosomes derived from luminal B BC and TNBC patients.

Hub Type Luminal B TNBC
COTL1-202 IncRNA Down Down
OAZ1-208 IncRNA Down Down
SORBS3-203 IncRNA Down Down
HMG20B-211 IncRNA Down Down
hsa-miR-10396b-5p miRNA Up Up
hsa-miR-7851-3p miRNA Up Up
ALGI2 mRNA Down Down
HOXAS5 mRNA Down Down
PAK6 mRNA Down Down

provided in Figure 7, and the relevant ceRNAs are listed in Table 3.
Whether the intersected ceRNAs can be utilized to treat BC needs
further detailed analysis. It was worth noting that PAK6 and hsa-miR-
10396b-5p had more connectivity in TNBC than in luminal B BC
(Table 2), indicating that a more complex ceRNA regulation might
exist in TNBC than in luminal B BC.

Discussion

The luminal B and TNBC subtypes of BC present distinct and
disparate clinical behaviors and outcomes. Therefore, characterizing

the complex ceRNA network will promote the understanding of
heterogeneous BC and might provide new avenues to decipher new
biomarkers and subtype-specific targets. Tissue exosomes derived
from luminal B BC may regulate the RAS-MAPK pathway, and tissue
exosomes derived from TNBC may regulate the development and
growth of BC. In addition to ceRNA regulation that can predict
patient survival, our results indicate that more complex regulation
and heterogeneity might be involved in TNBC compared with that of
luminal B BC.

After constructing and comparing the IncRNA-miRNA-mRNA
ceRNA networks, we found nine common RNAs across the luminal B

TABLE 4 The potential ceRNAs in tissue exosomes derived from TNBC that can predict patient survival.

IncRNA miRNA

UBXNI1, ZFYVE21 hsa-miR-4725-3p

mRNA

MOCS1, CALCOCO1

MSTRG.881527.1 hsa-miR-449a PAMRI1

ANTXRI hsa-miR-3187-3p SCAPER

SORBS3 hsa-miR-6125 HOXA5

FLOT1 hsa-miR-4763 AP001931.2

ANTXRI1 hsa-miR-4741 PYGM

WBP2 hsa-miR-4446 EVI5, PAK6, ATAD1, CYB5D2
NONO hsa-miR-1306-5p B3GNT3

ANTXRI hsa-miR-2278 PYGM, ALGI12, PAK6
MSTRG.1236517.2 hsa-miR-185-5p ALOX15B

LGMN, SORBS3, OAZ1 hsa-miR-6764-5p PAK6, PAMRI1

TALDO1 hsa-miR-1343 CYB5D2

MOCS1, WBP2 hsa-miR-3151 ARVCF, SNUPN, MOCS1
ZFYVE21 hsa-miR-3198 NYNRIN

SPCS1, PRRC1, ZFYVE21 hsa-miR-4478 PAK6

MSTRG.881527.1 hsa-miR-449b-5p PAMRI1

POLR2H hsa-miR-6780a-5p SLC34A2

BRAT1 hsa-miR-4707 AP001931.2, PAK6

SPCS1 hsa-miR-4689 ALGI12

The mRNAs labeled in red font were found to be associated with survival (Supplementary material).
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FIGURE 7

The intersection between the luminal B breast cancer and triple-
negative breast cancer (TNBC) competing endogenous RNA (ceRNA)
network of tissue exosomes derived from TNBC patients.

and TNBC subtypes, which play specific roles in these two BC
subtypes. In luminal B BC, the regulation of IncRNA OAZI1/
miRNA hsa-miR-7851-3p/multiple mRNAs (ALG12 and HOXAS5)
and multiple IncRNAs (COTL1, HMG20B, and SORBS3)/miRNA
hsa-miR-10396b-5p/multiple mRNAs (PAK6, CEP41, RASA4) was
found. While in TNBC, the regulation of IncRNAs (OAZI,
ARHGAPS5)/miRNA hsa-miR-7851-3p/multiple mRNAs (ALG12,
HOXAS5, EVI5, and CYB5D2) and multiple IncRNAs (COTLI,
HMG20B, SORBS3, RELA, PCMTDI1, CBX7, ZFYVE2l, and
CENPV)/miRNA hsa-miR-10396b-5p/mRNAs (PAK6, ARVCEF,
CALCOCO1, CBX7, and SNUPN) was identified. Altogether, these
results indicate that more complicated ceRNA regulation is indicated
in TNBC. Among the nine common RNAs, miR-10396b-3p can
inhibit collagen I and III by inhibiting interleukin-11 from
alleviating ligamentum flavum hypertrophy induced by mechanical
stress (18). In addition, hsa-miR-7851-3p can recognize highly
conserved structures of the Coronaviridae family, while the other
role of hsa-miR-7851-3p has not been deciphered. Moreover, the
potential role of hsa-miR-7851-3p on HOXA6 and ALG12 identified
in this study needs further analysis. This research illustrates that
hsa-miR-10396b-5p and hsa-miR-7851-3p regulation is vital for
the pathology of BC, and this information has not been
reported previously.

In order to explore subtype-specific targets, we mainly focused on
the specific RNAs in each subtype in this study. In luminal B BC, hsa-
miR-1908-5p not only has specificity but also has more interactions.
The relative expression of hsa-miR-1908-5p has been detected in BC
tissues, adjacent normal tissues, BC patient serum, and healthy
volunteer serum; therefore, it may exert oncogenic functions in cell
differentiation, proliferation, metastasis, and invasion (19, 20).
Furthermore, RAS signaling plays a vital role in the metastatic
dissemination of luminal BC, which is associated with poor clinical
outcomes (21). Additionally, MAPK/Fral pathway activation may
alter the progenitor activity of the mammary gland to promote tumor
progression (22). In this study, we found that hsa-miR-2277-5p, hsa-
miR-10396b-5p, and hsa-miR-1273h-5p might be the potential
miRNAs that regulate the activation of the RAS-MAPK pathway;
however, more research is needed.
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Endocrine system development and cancer growth-related
ceRNA regulation are found in TNBC; HOXAS5, SCAPER, PAKG,
PBX1, PITX1, and ALOX15B are the relevant genes involved; and hsa-
miR-296-5p, hsa-miR-185-5p, hsa-miR-7851-3p, hsa-miR-3187-3p,
and hsa-miR-10396b-5p are the relevant miRNAs involved. With
respect to the specific RNAs involved in TNBC, multiple miRNAs
(hsa-miR-3151-5p, hsa-miR-4446-3p, and hsa-miR-4763-3p) are
indicated to regulate the expression of WBP2, which may sustain
BTRC mRNA stability to promote migration and invasion in TNBC
via nuclear factor-xB activation (23).

Although the number of patients involved in this study was
relatively small, the subtype-specific RNAs identified might
promote the development of clinically approved exosome-based
therapy. The analytical procedure we proposed might be a novel
framework to decipher the function of tissue-derived exosomes in the
tumor microenvironment based on the complex ceRNA network.
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