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Abstract
Background:  Exosomal miRNAs have drawn increasing attention as tumor biomarkers involving in
tumorigenesis due to their stability. The aim of this study was to analyze the role of exosomal miR-1246
in breast cancer.

Methods: The differentially expressed (DE) miRNAs in exosomes from the serum of breast cancer
patients and healthy controls were investigated using RNA-seq. The potential pathogenic target genes
and functional enrichment of these miRNAs were explored using bioinformatics. Additionally, the role of
miR-1246 in migration, invasion and proliferation were investigated in breast cancer cells. The expression
of THRB were detected by QRT-PCR. Kaplan-Meier plotter was used to perform survival analysis.

Results: The results showed that the level of exosomal miR-1246 was signi�cantly higher in breast cancer
than in the control. MiR-1246 mimic treatment promoted invasion and migration in MDA-MB-231 cells by
targeting THRB. Kaplan-Meier survival curves showed that patients with high miR-1246 expression
exhibited poor OS compared with patients with low miR-1246 expression, especially those with
metastatic breast cancer.

Conclusion: Our study provides a better understanding of exosomal miR-1246 in the process of breast
cancer. Exosomal miR-1246 could be a potential prognostic biomarker for breast carcinoma.

Introduction
Breast cancer is the most widespread kind of cancer in women[1]. Although the prognosis of breast
cancer patients has improved considerably, almost one-third of women still die from this disease due to
metastasis[2]. With the development of clinical medicine, early diagnosis of breast cancer is very
important to improve the therapeutic effect and survival rate. Currently, mammography is a widely used
method for breast cancer screening[3], but it is limited by the tumor size and the low radiation utilized on
certain patients. Molecular biomarkers, such as the estrogen receptor (ER), progesterone receptor, and
human epidermal growth factor receptor (Her2/ErBb2), are used for diagnosis or for predicting
outcomes[4, 5]. However, these biomarkers are not su�ciently effective or dependable to screen tumor
cells isolated from the serum of breast cancer patients. Thus, it is imperative to �nd more precise serum
molecular biomarkers for breast cancer diagnosis.

In recent years, exosomes have been investigated as potential biomarkers in several diseases and health
conditions[6–8]. Malignant cells secrete a large number of exosomes, which contain various molecular
components, such as microRNAs (miRNAs), proteins, and lipids[9]. MiRNAs are small noncoding RNAs
that play regulatory roles in cell proliferation, cell cycle regulation, drug resistance, and other biological
processes[10]. Exosomes are nanocarriers that can transfer different cargos, such as miRNAs, to recipient
cells. Increasing evidence[11, 12] has shown that exosomal miRNAs are the key elements involved in the
pathogenesis of breast cancer. Thus, a better understanding of the role of exosomal miRNAs in breast
cancer pathogenesis could contribute to the development of new therapeutic methods. Furthermore, it
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has been proven that exosomal miRNAs can be used as noninvasive biomarkers in diagnosis and
monitoring therapy in breast cancer[13–15].

In this study, we aimed to analyze the DE miRNAs in serum exosomes derived from patients with breast
cancer and healthy control. We revealed different miRNA pro�les of the exosomes from the breast cancer
and healthy control groups. Additionally, using bioinformatic analysis we also predicted their potential
pathogenic target genes, which might play roles in breast cancer development and progression. In
particular, we studied the role of miR-1246 in invasion and migration by targeting THRB in MDA-MB-231
cells. Overall, our study provides important evidence and improved understanding of exosomal miRNAs in
the process of breast cancer.

Materials And Methods

Clinical characteristics of samples
The patients recruited in this study underwent surgery at the Taizhou Central Hospital between 2018 and
2019. None of the patients had been treated by chemotherapy or radiotherapy prior to surgery and
provided informed consent to participate in the study. Serum samples from 3 patients with breast cancer
and control serum samples from 3 healthy female volunteers were obtained from the Taizhou Central
Hospital.

Pro�ling and validation of exosomal miRNAs in human
serum samples
To comprehensively pro�le exosomal miRNAs, exosomes were isolated from serum samples, and small
RNA-seq libraries were prepared for high-throughput sequencing (Fig. 1A). The obtained exosomes were
con�rmed by transmission electron microscopy (TEM). Nanoparticle tracking analysis (NTA) was
performed to characterize the exosomes. The raw sequencing data were �rst cleaned by removing both 5’
and 3’ adaptors, and only high-quality reads were mapped to the human genome and annotated. The
DbDEMC 2.0 database was used to �nd DE miRNAs in human cancers online
(http://www.picb.ac.cn/dbDEMC/).

Prediction and functional analysis of exosomal miRNA
target genes
MiRWalk 3.0 (http://mirwalk.umm.uni-heidelberg.de/), as a comprehensive archive, was used in our study
to explore miRNA–target interaction data. To infer the potential functions of the DE miRNAs, Gene
Ontology (GO) biological process and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were
performed. We performed functional analysis of these target genes using the STRING database
(https://string-db.org/). Functional categories were clustered using the Functional Annotation Clustering
tool, and representative GO categories and KEGG pathways are shown.
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Cell culture and transfection
MDA-MB-231 cells were maintained in DMEM (Sigma-Aldrich, St Louis, MO, USA). All cultures were grown
in media supplemented with 10% fetal bovine serum (FBS, Sigma-Aldrich). The cells were cultured at
37 °C with 5% CO2.

MiR-1246 mimics and miR-224-5p NC were purchased from Synbio Tec (Suzhou, China). The breast
carcinoma cells were prepared with Lipofectamine for small RNA transfections. The miRNA sequences
were as follows:

miR-1246 mimics: 5’-AAUGGAUUUUUGGAGCAGG-3’

miR-1246 NC: 5’-ACGUGACACGUUCGGAGAAUU-3’.

Cell invasion assay
A 24-well transwell invasion chamber with Matrigel-coated �lters was used for the cell invasion assay.
Cells (1 × 105/well) were plated into the top chamber, and culture medium containing 10% FBS was
placed in the bottom chamber. The cells were �xed for 30 min in 4% paraformaldehyde and stained for
30 min with 0.1% hematoxylin after 24 h. After observing the cell staining, the cell invasion was
visualized with a microscope.

Scratch assay
A scratch assay was used to assess cell migration. MDA-MB-231 cells were transfected with 20 nM miR-
1246 or NC RNA in a 6-well plate. The cell monolayer at 90 ~ 95% con�uence was scratched with a tip.
Cells were then further cultured in a cell culture incubator. The average extent of wound closure was
quanti�ed at different time points.

Colony formation assay
The transfected cells were seeded into 6-well plates at a density of 2000 cells per well in DMEM
containing FBS. The colony formation test was conducted at 10% for 10 days. Colonies were imaged and
counted after �xation and staining.

Kaplan–Meier plotter analysis
Kaplan–Meier plotter is a database combining miRNA expression data and clinical information[16]. To
evaluate the prognostic value of miR-1246 in breast cancer, Kaplan–Meier survival plots were generated.
The hazard ratio (HR) with 95% con�dence intervals and log-rank P values were calculated.

Statistical analysis
Data were presented as mean ± SD. All statistical analyses were performed using GraphPad Prism
((Version8, GraphPad Software, Inc. La Jolla, USA). The data sets were analyzed by Student’s t test. A p
value of less than 0.05 was considered statistically signi�cant.
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Results

Exosomal miRNA expression pro�ling of breast cancer
serum
RNA-seq was performed to generate the expression pro�les of exosomal miRNAs in the serum samples
from 3 breast cancer patients and 3 healthy controls. Exosomes isolated from the samples were
con�rmed by transmission electron microscopy (TEM) (Fig. 1B). Nanoparticle tracking analysis (NTA)
was performed to characterize exosomes and show their size (Fig. 1C).

A total of 718 DE miRNAs in exosomes were obtained between breast cancer and healthy controls
(Fig. 1D). The top ten miRNAs were hsa-miR-146a-5p, hsa-miR-151a-3p, hsa-miR-146b-5p, hsa-miR-7110-
3p, hsa-miR-221-3p, hsa-miR-432-5p, hsa-miR-451a, hsa-miR-3916, hsa-miR-1246, and hsa-miR-224-5p
(Table 1). MiRNAs were considered upregulated when they were increased by more than 2.5-fold with a p 
< 0.005.

Table 1
Differentially expressed miRNAs between breast cancer and health control

Exosomes Serum and tissue

miRNA Expression change miRNA Expression change

hsa-miR-146a-5p Down hsa-miR-132-5p Down

hsa-miR-151a-3p Down hsa-miR-125b-1-3p Down

hsa-miR-146b-5p Down hsa-miR-34c-5p Down

hsa-miR-7110-3p Up hsa-miR-382-3p Down

hsa-miR-221-3p Down hsa-miR-485-5p Down

hsa-miR-432-5p Down hsa-miR-323b-3p Down

hsa-miR-451a Up hsa-miR-598-3p Down

hsa-miR-3916 Up hsa-miR-224-5p Up

hsa-miR-1246 Up hsa-miR-1246 Up

hsa-miR-224-5p Up hsa-miR-184 Up

Cellular functions and pathways can be affected by the complex interactions between exosomal miRNAs
and their target genes. MiRNAs usually regulate more than one target gene. Hence, a many-to-many
interaction relationship is normally observed between miRNAs and their target genes. Target genes of 10
miRNAs were predicted based on the miRWalk database, and 501 target genes were identi�ed. Cytoscape
was used to construct the miRNA-mRNA interaction network. Our results show a complex network
consisting of the DE miRNAs and their target genes (Fig. 2A).
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Functional analysis of the differentially expressed exosomal
miRNAs
Gene Ontology analysis showed that DE exosomal miRNAs are involved in various regulatory processes,
such as the canonical Wnt signaling pathway, cell growth, autophagy, and neuron migration (Fig. 2B).
KEGG analysis demonstrated that these exosomal miRNAs were involved in many cancers and pathways,
such as breast cancer, Ras signaling pathway, Wnt signaling pathway, and autophagy (Fig. 2C). The
above results show that these exosomal miRNAs play a crucial role in tumorigenesis by impacting
various biological processes.

Compared with our previous study[17], 2 overlapping miRNAs were selected from data on serum
exosomes, serum samples and tumor tissue: hsa-miR-1246 and hsa-miR-224-5p (Fig. 1E).

MiR-1246 enhanced the migration and invasion of MDA-MB-
231 cells
Transwell assays showed that MDA-MB-231 cell invasive ability was signi�cantly promoted in the group
transfected with miR-1246 mimics compared with the NC group (p < 0.05, Fig. 3A). Scratch test results
indicated that miR-1246 mimics affected on MDA-MB-231 cell migration. As shown in Fig. 3B, a
signi�cantly delayed wound closure of MDA-MB-231 cells was observed in the NC group. The results of
the clonogenic assay showed that miR-1246 did not affect the proliferation of MDA-MB-231 cells
(Fig. 3C).

THRB is a target gene of miR-1246 (Fig. 4A). The level of THRB was determined after treatment of MDA-
MB-231 cells with miR-1246 mimics or miR-1246 NC. This �nding shows that THRB expression
decreased signi�cantly after miR-1246 mimic treatment (p < 0.05, Fig. 4B).

The prognostic value of miR-1246 in breast cancer
The Kaplan-Meier plotter database was used to investigate the prognostic potential of miR-1246
expression in breast cancer. This analysis included 954 patients with breast cancer metastasized to the
lymph nodes and 1024 patients with nonmetastatic breast cancer. From the results, miR-1246 was
strongly correlated with lymph node status: positive with lymph node status [HR = 1.78 (1.35–2.34), p = 
3.6e-05] (Fig. 4C) and negative with lymph node status [HR = 1.39 (1.01–1.91), p = 0.043] (Fig. 4D). The
detailed relationships between miR-1246 expression and prognosis of breast carcinoma based on
different clinicopathological characteristics in the Kaplan–Meier plotter database are presented in
Table 2. We found that miR-1246 was negatively correlated with overall survival (OS) in patients with
breast cancer, especially in those with metastatic breast cancer.
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Table 2
Correlation of miR-1246 expression and clinical prognosis in breast

cancer with different clinic pathological factors by Kaplan-Meier plotter
Clinicopathological characters OS (Overall Survival)

N HR P

Total 1262 1.52(1.23–1.87) 9e-05

Molecular subtype      

TNBC 300 1.17(0.74–1.86) 0.49

Luminal A 546 1.57(1.09–2.26) 0.014

Luminal B 433 1.47(1.07–2.03) 0.018

HER2 + ER- 105 0.56(0.28–1.11) 0.09

Grade      

1 103 2.69(1.11–6.53) 0.023

2 510 1.57(1.1–2.23) 0.012

3 774 1.45(1.11–1.91) 0.0069

Systemically treated patients      

ER-positive endocrine therapy 779 1.54(1.15–2.07) 0.0039

Chemotherapy 280 1.66(1.09–2.53) 0.0017

Discussion
In the present study, differential miRNA expression pro�les of serum exosomes were characterized in
breast cancer patients and healthy controls. In total, 718 DE exosomal miRNAs were identi�ed. The top
ten up-/downregulated miRNAs were selected. Five of them were unregulated (hsa-miR-7110-3p, hsa-miR-
451a, hsa-miR-3916, hsa-miR-1246, and hsa-miR-224-5p), and 5 of them were downregulated (hsa-miR-
146a-5p, hsa-miR-151a-3p, hsa-miR-146b-5p, hsa-miR-221-3p and hsa-miR-432-5p). We performed
functional analyses of the ten DE exosomal miRNAs by the GO and KEGG databases. The results
revealed that these miRNAs are involved in several regulatory processes, playing a crucial role in
tumorigenesis by impacting various biological processes. For instance, hsa-miR-146a-5p functions as a
tumor suppressor in various types of cancer[18, 19], hsa-miRNA-146a-5p could inhibit the proliferation
and metastasis of breast cancer cells[20, 21], and hsa-miR-151a-3p expression was found to be
decreased in many diseases[22]. The dysregulation of miRNAs, such as hsa-miR-146b-5p, hsa-miR-221-
3p, hsa-miR-432-5p, hsa-miR-451a, hsa-miR-1246 and hsa-miR-224-5p, has been documented in a variety
of human diseases and malignancies[23–31].
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When the results were compared with our previous study[17], 2 overlapping DE miRNAs were selected:
hsa-miR-1246 and hsa-miR-224-5p. In our previous study, hsa-miR-224-5p was shown to inhibit
autophagy in breast cancer[31]. In this investigation, cell invasion assays, colony formation assays and
scratch assays were performed to analyze the role of miR-1246 in breast carcinoma. The results revealed
that miR-1246 enhanced the invasion and migration of breast cancer cells. However, miR-1246 did not
affect the proliferation of MDA-MB-231 cells. To elucidate the molecular mechanisms of miR-1246-
mediated tumorigenesis, the level of THRB, one of the targets of miR-1246, was determined. The results
showed that the expression of THRB was decreased after miR-1246 mimic treatment in MDA-MB-231
cells. Studies by Martines Iglesias and others have found that hypothyroidism can inhibit the growth of
breast cancer cells and simultaneously enhance the invasion and metastasis of breast cancer cells[32,
33].

THRB, thyroid hormone receptor beta, is closely related to the occurrence and development of various
human tumors, but its role and mechanism in breast cancer are not yet clear. The breast is a hormone-
dependent organ, and changes in the function of the endocrine system are closely related to the
occurrence of breast diseases. Many endocrine hormones and their receptors also regulate it. In recent
years, the relationship between thyroid hormones and their receptors and breast cancer has been widely
studied[34–37]. This study found that in MDA-MB-231 cells, overexpression of miR-1246 inhibited the
expression of THRB, thereby affecting migration and invasion. The speci�c mechanism is not yet clear.
This may be due to the partial similarity between thyroid hormone receptors and estrogen receptors in the
arrangement of nucleic acids. These molecules have a common pathway in regulating the growth of
target cells, and the strength of the two effects may determine the direction of the development of breast
disease[38]. To clarify the speci�c molecular mechanism, further research will be conducted in the future.

Furthermore, the Kaplan-Meier plotter was used to analyze the prognostic value of miR-1246 in breast
cancer. The result suggested that the expression of miR-1246 was negatively correlated with OS in
patients with breast cancer, especially in those with metastatic breast cancer. Hence, miR-1246 is an
important molecule that could be a useful potential prognostic biomarker.

Conclusion
In conclusion, the current study identi�ed DE exosomal miRNAs that may be involved in the pathogenesis
of breast cancer based on RNA sequencing and bioinformatics data. This study provided a theoretical
basis to further elucidate the biological function of miR-1246 in the progression of breast cancer.

Abbreviations
DE: Differentially expressed; ER: Estrogen receptor; Her2/ErBb2: Human epidermal growth factor receptor;
miRNAs: microRNAs; TEM: Transmission electron microscopy; NTA: Nanoparticle tracking analysis; GO:
Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; HR: Hazard ratio; OS: Overall survival
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Figure 1

Pro�ling of miRNAs in exosomes from the serum of breast cancer patients and healthy controls. (A) The
procedure of exosome collection and RNA extraction. (B) Transmission electron micrograph (TEM) of
exosomes isolated from serum (the scale bar is 100 nm). (C) Nanoparticle tracking analysis (NTA) was
used to determine vesicle concentration and size distribution. (D) A portion of the heat map of 718
differentially expressed miRNAs in exosomes between breast cancer and healthy controls is shown.
Upregulated miRNAs are indicated in blue, and downregulated miRNAs are indicated in red. (E) Venn
diagram showing two miRNAs (miR-1246 and miR-224-5p) that overlapped in the data from breast
cancer serum exosomes, serum samples and tissues.
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Figure 2

(A) The results of the network of the ten exosomal miRNAs and their target genes in breast cancer. The
ten miRNAs are shown in blue, and target genes of the miRNAs are shown in red. (B) Top 15 GO analysis
terms of the top ten upregulated and downregulated exosomal miRNAs. (C) Top 15 KEGG pathways of
the top ten upregulated and downregulated exosomal miRNAs.
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Figure 3

MiR-1246 enhanced the migration and invasion of breast cancer cells. (A) Transwell assays were used to
analyze the invasiveness of breast cancer cells. (B) A scratch assay was used to verify the changes in
migration of breast cancer cells. (C) A clonogenic assay was used to con�rm the clonogenic variations of
breast cancer cells.



Page 16/16

Figure 4

(A) THRB is a target gene of miR-1246. (B)The expression level of THRB in MDR-MB-231 cells which
transfected with miR-224-5p mimics or miR-1246 NC, *p < 0.05. Kaplan-Meier analysis was used to
determine the prognostic role of miR-1246 in breast cancer. (C) Positive with lymph node status, (D)
negative with lymph node status.


