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Abstract

Background
Early and accurate identi�cation of breast masses is of vital importance in clinic. Ultrasound imaging is
an e�cient strategy for breast mass screening, while the accuracy needs further improvement. Plasma
exosomes have recently been suggested as promising candidate as disease markers. In this study, we
aimed to explore the potential of plasma exosomal miRNAs in differentiation of breast masses.

Methods
Plasma exosomes were collected from patients with benign or malignant breast masses using a novel,
facile, low-cost, and effective method of sequential salting-out and polyethylene glycol (PEG)-based
approaches. Plasma exosomal miRNAs were extracted and pro�led by RNA sequencing. Differential
exosomal miRNAs were then tested by qPCR for screening of potential biomarkers. The diagnostic
e�ciencies of exosomal miRNAs alone or in combination with breast imaging reporting and data system
(BI-RADS) in differentiation of breast masses were evaluated on a validation cohort via analysis of
receiver operating characteristic (ROC) curve.

Results
Prior salting-out strategy yielded exosomes with higher purity, thus guaranteeing the accuracy of
exosome-based diagnosis. miRNA sequencing showed different exosomal miRNA expressions between
patients with malignant or benign breast masses, among which, hsa-miR-423-5p, hsa-miR-103a-3p and
hsa-let-7i-5p were chosen and tested for diagnostic ability. ROC curve showed that these three miRNAs
could serve as promising biomarkers, with hsa-miR-423-5p showing the highest diagnostic e�ciency.
Combination of exosomal miRNAs with BI-RADS further improved the diagnostic e�cacy.

Conclusions
Plasma exosomal miRNAs could serve as excellent biomarkers for breast mass diagnosis and could
signi�cantly improve diagnostic accuracy when combined with BI-RADS.

Background
Breast cancer has become a serious threat to women's health, and the average age of onset of the
disease is becoming younger and younger. Accurate differentiation between breast cancer and benign
mass is of vital importance for improving clinical prognosis [1, 2]. Developing new diagnostic methods or
improving existing diagnostic techniques are the main ways to further improve the diagnosis e�ciency
between benign and malignant breast masses.
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At present, medical imaging is the main method for early detection and diagnosis of breast diseases [3,
4]. Mammography is one of the main technologies for breast cancer screening, but it has a vital
disadvantage of radiation [5, 6]. With the sustained development of ultrasound technology, ultrasound
imaging has become the most important method for diagnosis of breast masses [7, 8]. Currently, breast
imaging reporting and data system (BI-RADS) is being used as a standard method for assessing breast
lesions by ultrasound imaging [9]. Although with the application of BI-RADS classi�cation,
standardization and consistency of breast mass diagnosis have been largely improved, misdiagnoses
might occur in some atypical breast masses, especially in regard with category 4 lesions, due to the
observer variability among physicians and objective errors [10–13]. Improvement of diagnostic accuracy
could save benign cases from unnecessary biopsy and ensure that malignant lesions wouldn’t escape
diagnosis [14, 15].

As our understanding of molecular mechanisms underlying cancer biological behaviors progresses,
biomolecules have been explored for accurate disease diagnosis, especially in combination with imaging
evaluation. Numerous studies have shown that microRNA (miRNA) expression is dysregulated in various
stages of breast cancer [16]. MiRNAs have been reported to be involved in regulation of cell cycle,
apoptosis, angiogenesis, epithelial mesenchymal transformation, metastasis and drug resistance, as well
as differentiation and self-renewal of breast cancer stem cells [17–19]. Several studies have proposed
miRNA as biomarker for early detection of breast cancer to distinguish healthy subjects from breast
cancer patients [20, 21]. However, the free miRNAs in circulation are unstable and di�cult to detect.
Exosomal miRNAs have attracted much attention as biomarkers for disease diagnosis in recent years.
Exosomes are nanoscale vesicles that play vital roles in cellular communication [22–24]. Due to its low
molecular weight, miRNAs can be easily assembled into exosomes, constituting the major biologically
active molecules of exosomes. Compared with free miRNA in the circulation, exosomal miRNAs are ideal
and stable biomarkers since they are enriched in exosomes and are protected from degradation by RNase
[25–27].

In the present study, we �rst designed prior salting-out strategy for exosome isolation and then isolated
plasma exosomes from patients with benign or malignant breast masses and analyzed their exosomal
miRNA expression by miRNA sequencing. Three miRNAs that were mostly up-regulated in breast cancers
were then evaluated for potential application as biomarker for breast mass diagnosis. Together, the
results showed that plasma exosomal miRNAs could signi�cantly improve diagnostic accuracy of breast
masses, especially in combination with BI-RADS.

Materials And Methods
Clinical samples

Six patients who underwent ultrasound-guided biopsy of breast masses in Tangdu Hospital during March
2019 were randomly chosen for sequencing of plasma exosomal miRNAs. A validation cohort for
analysis of diagnostic power of candidate miRNAs was also recruited from 53 patients with breast
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masses who underwent ultrasound imaging and ultrasound-guided biopsy from the Department of
Ultrasound Diagnostics, Tangdu Hospital from July to August, 2019. The malignancy of breast masses
was con�rmed by histopathology and tumor stage was de�ned according to TNM staging. The present
study was approved by the institutional review board of Tangdu Hospital and informed consent was
obtained from each patient. 

Breast Ultrasonography

Ultrasound imaging for breast masses was performed by experienced physicians using the routine
scanning protocol on Resona 7 (Mindray, China) with a 10 MHz linear transducer. Both longitudinal and
transverse sections were recorded for size measurement, acoustic characteristics and further imaging
evaluation. After ultrasound examination, the breast masses were evaluated and categorized according
to the �fth edition of BI-RADS. 

Isolation and characterization of plasma exosomes

Blood samples from patients were collected in anticoagulant tubes and sit at room temperature for 10
min, then centrifugated at 3000 r/min for 5 min for isolation of plasma. For traditional isolation of
plasma exosomes, the samples were �ltrated with 0.22 µm �lters and then processed by Exo QuickTM

according to the manufacturer’s protocol. For isolation of exosomes by prior salting-out strategy, 100 µl
(NH4)2SO4 was added to 1 ml plasma sample before subsequent exosome isolation. 

Isolated exosomes were characterized by transmission electron microscopy (TEM) for morphology
analysis, particle size analysis for size distribution and western blot for protein content analysis. Speci�c
protocols were the same as previously described [28].

Exosomal RNA isolation and RT-qPCR

Total RNA was extracted from the yielded pellets of exosomes using TRIzol reagent (Invitrogen, USA)
according to the manufacture’s instruction. The purity and concentration of RNA was assessed by
NanoDrop 2000 spectrophotometer (Thermo Scienti�c, USA). The isolated RNA was reversely transcribed
by miRcute Plus miRNA First-strand cDNA Synthesis Kit (Tiangen, China). For miRNA sequencing, the
samples obtained from test cohort were assessed and analyzed by authorized institute RiboBio
(Guangzhou, China). Target genes of differential miRNA (|log2(Fold Change) |>1, P<0.05) were predicted
using TargetScan, miRDB, miRTarBase and miRWalk. Candidate target genes were then analyzed by
annotation and enrichment in Gene Ontology (GO) and Kyoto encyclopedia of genes and genomes
(KEGG) biological pathways to explore major functions of the candidate target genes. 

Real-time quantitative polymerase chain reaction for miRNA expression was performed using FastStart
Essential DNA Green Master (Roche, USA) following instructions provided by the manufacturer. U6 was
used as internal control. 

Statistical analysis
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Data are represented as mean ± SEM or as indicated. The diagnostic power for differentiating patients
with benign and malignant breast masses was assessed by calculating the area under the receiver
operator characteristic (ROC) curve (AUC). P values of <0.05 was considered as statistically signi�cant.

To evaluate the combined diagnostic ability of BI-RADS-US and/or multiple candidate miRNAs in the
diagnosis of breast benign and malignant masses, BI-RADS-US or miRNAs were �rst divided into benign
and malignant variables through the cut-off point, and then logistic regression analysis was carried out to
calculate the weight of each index. Then, the number of each index was put into the regression equation
according to their respective weights and the diagnostic value of the combined indexes was analyzed by
ROC curve analysis.

Results
Prior salting-out strategy improves the e�ciency and purity of plasma exosome isolation 

E�cient isolation of highly pure exosomes from the blood plasma is essential for exosome-based
diagnosis and the large amounts of plasma proteins increase the di�culty for exosome isolation. To
solve the problem, the proteins were removed by prior salting-out strategy (Fig. 1A). As expected,
abundant proteins were salted out for plasma after treated with saturated (NH4)2SO4 (Fig. 1B). The results
from TEM demonstrated that compared to conventional exosome isolation, the addition of (NH4)2SO4 for
salting out of protein minimized impurity contamination in isolated exosomes (Fig. 1C). Particle size
analysis showed that the size distribution was more concentrated in exosomes isolated after protein
salting out (Fig. 1D). Western blot for analysis of protein content of isolated exosomes revealed a higher
proportion of membrane proteins in exosome isolated after protein salting out, indicating higher purity of
the isolated exosomes (Fig. 1E). Together, these results demonstrate that protein salting out prior to
exosome isolation improved the purity of isolated exosomes.

Differential exosomal miRNA expressions in patients with benign or malignant breast masses 

Fifteen patients who received breast ultrasound imaging and ultrasound-guided breast biopsy for
pathological diagnoses in Tangdu Hospital during March 2019 were randomly selected. After exclusion
of cases with rare pathological diagnoses or cases that didn’t fall into BI-RADS category 4, there were 5
cases in the malignant group and 5 in the benign group. Among them, 3 cases of benign and 3 cases of
malignant breast mass were randomly enrolled for plasma exosomal miRNA sequencing (Fig. 2). The
average age of recruited subjects were 49±5.5 years (ranging from 38-58). General characteristics and
pathology diagnoses of enrolled subjects were shown in Table S1.

Deep sequencing was performed on exosomal miRNAs from blood samples of the patients. A total of
1226 miRNAs were detected in malignant breast mass group and 1278 in benign group. Among them,
1107 miRNAs were expressed in both groups, 119 miRNAs were detected only in malignant group and
171 were detected only in benign group (Fig. 3A). With the use of |log2(Fold Change) |≥1, P 0.05 as
threshold, 47 miRNAs were found signi�cantly up-regulated and 57 miRNAs were found down-regulated
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in malignant group compared to benign group (Fig. 3B). Further analysis of the exosomal miRNAs
showed distinct expression between the two groups (Fig. 3C). 

To explore the relationship between the differential exo-miRNA and malignancy of breast masses, KEGG
pathway enrichment analysis was performed. The top 30 enriched signaling pathways shown in Fig. S1
included focal adhesion, Wnt signaling pathway, PI3K-Akt signaling pathway, pathways in cancer, etc.,
which indicated that these differential miRNAs might be implicated in cancers. 

Exosomal miRNAs as potential biomarkers for discriminating benign and malignant breast masses 

A total of 53 patients with breast masses were enrolled as validation cohort, including 36 cases of
malignant breast mass and 17 cases of benign breast mass (Fig. 4). General characteristics of subjects
were shown in Table S2 and the pathological diagnoses of the 53 breast masses were shown in Table S3.
First, qPCR was performed to evaluate the expression level of candidate miRNAs in patients with
malignant or benign breast mass. According to the results, three miRNAs were found most signi�cantly
up-regulated in malignant group, hsa-miR-423-5p, hsa-miR-103a-3p and hsa-let-7i-5p (Fig. 5A). Then, we
explored the potential diagnostic ability of these miRNAs in differentiating patients with benign and
malignant breast masses. Prior to the test of diagnostic performance of exosomal miRNAs, we tested the
diagnostic power of BI-RADS in differentiating patients in the validation cohort. The results yielded an
AUC of 0.807 (95% CI 0.683-0.931) with 78% sensitivity and 77% speci�city (Fig. 5B). BI-RADS showed
the optimal diagnostic performance when 4A/4B was used as cutoff value (Table S4). As for the
diagnostic potential of the candidate exosomal miRNAs, ROC curve analyses showed that each individual
miRNA alone could differentiate malignant cases from benign cases. The AUC of miR-423-5p was 0.807
(95% CI 0.684-0.930), with 94% sensitivity and 53% speci�city. The AUC of miR-103a-3p was 0.759 (95%
CI 0.624-0.895) with 94% sensitivity and 47% speci�city. The AUC of let-7i-5p was 0.707 (95% CI 0.561-
0.853) with 61% sensitivity and 82% speci�city (Fig. 5C-5E). 

To further improve the diagnostic accuracy, miRNAs were combined for discrimination between
malignant and benign breast masses. The results showed that the combination of miR-423-5p and miR-
103a-3p exhibited the highest diagnostic power with an AUC of 0.821, sensitivity of 72.0% and speci�city
of 82.3% (Fig. S2), which might serve as diagnostic markers for breast cancer. 

Combination of exosomal miRNAs with BI-RADS signi�cantly improved diagnostic accuracy of breast
masses 

Next, we tested the diagnostic accuracy of exosomal miRNAs in combination with BI-RADS. The
diagnostic e�cacy of BI-RADS in combination with single miRNA or multiple miRNAs were evaluated by
the ROC curve analysis. The results demonstrated that BI-RADS-US in combination with triple RNAs (miR-
423-5p, miR-103a-3p and let-7i-5p) had the highest diagnostic value with an AUC of 0.867, 83% sensitivity
and 82% speci�city (Fig. 6).

Exosomal miRNAs could help diagnosis of malignancy of BI-RADS category 4 breast masses 
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In the diagnosis of breast mass based on BI-RADS-US classi�cation, the key challenge lies in the
identi�cation of category 4 masses. Therefore, we exclude category 3 breast masses which possess
malignancy ≤ 2% and category 5 breast masses which embrace malignancy ≥95% and focused on the
diagnosis of malignancy of category 4 breast masses. According to the results, diagnostic performance
of BI-RADS-US in differentiating category 4 breast masses (4a, 4b, 4c) showed an AUC of 0.754 with 76%
sensitivity and 74% speci�city (Fig. 7A). Then, we analyzed the potential diagnostic ability of candidate
miRNAs alone or the combination of multiple miRNAs for discrimination of category 4 breast masses. the
results showed that for single miRNA diagnosis, exosomal miR-423-5p had the highest diagnostic value
(AUC 0.820) (Fig. 7B) and the combination of miR-423-5p, miR-103a-3p and let-7i-5p further improved the
diagnostic e�ciency, with the area under the curve of 0.827, 81% sensitivity and 80% speci�city (Fig. S3). 

We further analyzed the diagnostic value of BI-RADS-US in combination with candidate miRNAs for
diagnosis of category 4 breast masses. The results showed compared to BI-RADS-US alone, combination
of BI-RADS-US with exosomal miRNAs signi�cantly improved diagnostic accuracy and the highest
diagnostic value occurred at the combination of BI-RADS with miR-423-5p (Fig. 7C, Fig. S4).

Discussion
In the present study, we �rst designed a novel exosomes extraction method using prior salting-out
strategy to increase the purity of isolated exosomes. Then, we isolated plasma exosomes from patients
with benign or malignant breast masses using the above strategy. Differential plasma exosomal miRNA
expressions between the groups were analyzed by deep sequencing and then veri�ed by RT-PCR. By a
cohort study, we further demonstrated that exosomal miRNAs, miR-423-5p, miR-103a-3p and let-7i-5p
were useful in differential diagnosis of breast masses with miR-423-5p showing the highest diagnostic
value. The diagnostic ability of exosomal miRNAs further improved when used in combination with BI-
RADS.

With the ever-increasing incidences, breast cancer seriously threatens the public health. Early and
accurate diagnosis of breast mass is of vital importance for improving disease prognosis. The present
study targeted the bottleneck of ultrasound in diagnosis of breast masses and explored the potential
diagnostic ability of exosomal miRNAs in differentiating benign and malignant breast masses. The
results showed that plasma exosomal miRNAs, including miR-423-5p, miR-103a-3p and let-7i-5p were
useful in diagnosis of breast masses. ROC curve analysis showed that a combination of the three
miRNAs with BI-RADS exhibited highest diagnostic value with an AUC of 0.867 (83% sensitivity and 82%
speci�city). As for the diagnosis of category 4 breast masses, which are the most di�cult ones to
diagnose, combination of BI-RADS-US with exosomal miRNAs also showed excellent performance in
determining the malignancy of the masses with an AUC of 0.850 (90% sensitivity and 73% speci�city).

At present, imaging examination is the main method for early detection and diagnosis of breast diseases.
The clinical treatment of suspected benign and malignant masses by imaging is still controversial [14,
29, 30]. On one hand, unnecessary biopsies may lead to excessive medical treatment and increased
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physical and psychological burden of patients. On the other hand, the accuracy of biopsy greatly relies on
the collected tissues and misdiagnosis may occur when diseased tissue escaped biopsy.

Peripheral bloods contain various substances from primary tumors as well as metastatic sites and can
comprehensively re�ect body status, making it ideal target for disease screening and diagnosis.
Traditional blood-based measurement for cancer diagnosis include protein markers such as
carcinoembryonic antigen (CEA) or prostate-speci�c antigen (PSA), circulating tumor cells (CTC) and cell-
free circulating tumor DNA (ctDNA). Recently, exosomal miRNAs have been suggested as novel tumor
markers in several cancers [31–34].

Although there are a few studies exploring plasma/serum exosomal miRNAs as potential markers in
diagnosis of diseases, the results varied from study to study [21]. The main reason may be that the
complexity and variability of blood contents interfered the stability of the results. Different isolation
methods of exosomes might also affect the results. Larger samples and multicenter studies might be
needed in the future to further con�rm the diagnostic e�ciency of exosomal miRNAs and establish
uni�ed diagnostic standards.

It should be noted that let-7i-5p was traditionally considered as tumor-suppressing gene [35]. However,
our study found that the expression of let-7i-5p increased in cancer patients. The seemingly contradictory
result might be explained by that cancer cells speci�cally sorted out the tumor-suppressing gene by
mechanism of exosomes so that they can better maintain their proliferation.

There are several limitations concerning the present study. First, the sample size is small, thus it’s
important to increase the sample size to further verify the reliability of the exosomal miRNAs for
diagnosis of the benign and malignant breast masses. Also,

the sensitivity of the existing combined diagnosis still needs improvement since in the differential
diagnosis of benign and malignant breast masses, the consequence of missed diagnosis is more serious.
How to establish diagnostic criteria and �nd reasonable cutoff value still warrants large sample study
and clinical veri�cation.

Abbreviations
PEG
polyethylene glycol
BI-RADS
breast imaging reporting and data system
ROC curve
receiver operating characteristic curve
miRNA
microRNA
AUC
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area under curve
CEA
carcinoembryonic antigen
PSA
prostate-speci�c antigen
CTC circulating tumor cells
ctDNA
cell-free circulating tumor DNA.
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Figure 1

Plasma exosomes isolated by different methods. A. Schematic procedures for exosome isolation by prior
salting-out strategy. B. Salting-out of plasma proteins after addition of (NH4)2SO4+Thrombin. C.
Representative transmission electron microscopy images of plasma exosomes isolated by indicated
methods. D. Size distribution of exosomes isolated by different methods. E. Western blot analysis of
protein contents of exosomes isolated by indicated methods. Scale bar=100 nm.
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Figure 2

Subject enrollment and �ow chart for analysis of exosomal miRNAs expression in patients with breast
masses.
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Figure 3

Differential exosomal miRNA expression in patients with benign or malignant breast masses. A. Venn
chart showing co-expression and speci�c expression of exosomal miRNAs in patients with malignant or
benign breast masses. B. Volcano plot showing dysregulation of exosomal miRNAs in different patients.
The results were shown as compared to benign masses. C. Heatmap showing the differential expression
of speci�c miRNAs in malignant or benign patients. 
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Figure 4

Enrollment and analyses of validation cohort
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Figure 5

Diagnostic potential of exosomal miRNAs in differentiating benign and malignant breast masses. A.
Expression of candidate miRNAs in recruited patients with benign or malignant breast masses. B.
Diagnostic power of BI-RADS-US in differentiating benign and malignant breast masses. C-E. Diagnostic
power of candidate miRNAs including miR-423-5p (C), miR-103a-3p (D) and let-7i-5p (E) in differentiating
benign and malignant breast masses.
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Figure 6

Diagnostic potential of exosomal miRNAs in combination with BI-RADS-US. Single candidate miRNAs or
multiple candidate miRNAs were combined with BI-RADS-US for analysis of malignancy of breast
masses.  A-G. Diagnostic power of BI-RADS plus candidate miRNAs including miR-423-5p (A), miR-103a-
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3p (B), let-7i-5p (C), miR-423-5p+let-7i-5p (D), miR-423-5p+miR-103a-3p (E), miR-103a-3p+let-7i-5p (F) and
miR-423-5p+miR-103a-3p+let-7i-5p (G) in differentiating benign and malignant breast masses.

Figure 7

Diagnostic ability of BI-RADS-US in combination with exosomal miRNAs in discrimination of category 4
breast masses. A. Diagnostic ability of BI-RADS-US alone in discrimination of category 4 breast masses.
B. Diagnostic ability of miR-423-5p alone in discrimination of category 4 breast masses. C. Diagnostic
ability of BI-RADS-US in combination with miR-423-5p for discrimination of category 4 breast masses.
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