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1 | INTRODUCTION

Breast cancer (BC) is the most commonly diagnosed can-
cer and the leading cause of cancer death among females

Abstract

Background: MicroRNAs (miRNAs) play an important role in the development and
progression of breast cancer (BC). The purpose of the present study was to identify
plasma miRNAs enabling early diagnosis of BC.

Materials and Methods: Expression levels of seven plasma miRNAs (miR-23a-3p,
miR-29b-2-5p, miR-130a-5p, miR-144-3p, miR-148a-3p, miR-152-3p, and miR-
182-5p) in 106 patients with newly diagnosed BC and 96 healthy participants were
analyzed by qRT-PCR. We also evaluated the relationship between the expression
levels of these miRNAs and clinicopathological features of patients with BC.
Results: Compared with healthy controls, we found that miR-23a-3p (p = .025),
miR-130a-5p (p = .006), miR-144-3p (p = .040), miR-148a-3p (p = .023), and miR-
152-3p (p = .019) were downregulated in the plasma of patients with BC. MiR-
130a-5p, miR-144-3p, and miR-152-3p were downexpressed in BC tissues as well
as plasma. The expression of the miR-23a-3p, miR-144-3p, and miR-152-3p was
related to ER positive and PR positive. Besides, miR-23a-3p, miR-144-3p, and miR-
152-3p did show the significant difference in the staging compromised to the control,
especially in stage I-II. Moreover, we also found that miR-144-3p and miR-148a-3p
were associated with lymph node invasion.

Conclusions: The expression levels of the miR-23a-3p, miR-130a-5p, miR-144-3p,
miR-148a-3p, and miR-152-3p were lower in patients with BC compared to healthy
controls and were associated with ex hormone receptor, clinical stage, and lymph

node metastasis, indicating the diagnostic potential of these miRNAs in BC.
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(Bray et al., 2018). In China, there were about 268,600
newly diagnosed female BC cases, accounting for 15% of
all new cancers in women, and 69,500 deaths in 2015(Chen
et al., 2016). Although the mortality rates have continued
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to decrease over the years due to the advances made in
early diagnosis and treatment, tens of thousands of women
die from this disease each year. Early detection of BC is
one of the main prerequisites for successful treatment and
reduction in mortality from this disease (Coleman, 2017).
Moreover, it also plays a critical role in the diagnosis of
BC, monitoring of the disease progression and response to
treatment (Nattinger & Mitchell, 2016). Despite the fact that
mammography, ultrasonography, and magnetic resonance
imaging diagnosis for BC are the currently used noninva-
sive screening tool, there are some concerns about the high
rates of misdiagnosis, missed diagnoses, and overdiagnosis
of this malignancy (Bleyer & Welch, 2012). Thus, there is a
need for the development of novel noninvasive biomarkers
to improve the early diagnosis of malignant breast lesions.
Available evidence suggests that serum/plasma miRNA
levels may be used as noninvasive biomarkers for early BC
diagnosis (Hamam et al., 2017).

MicroRNAs (miRNAs) are a class of small, approxi-
mately 19-25 nucleotides of noncoding RNAs that regu-
late gene expression at post-transcriptional level (Bartel,
2004). Evidence suggests that miRNA is associated with
the development and progression in a number of human
diseases, including cancer (Cai et al., 2017; Ding et al.,
2017; Li et al., 2013). MiRNAs are involved in multiple
biological processes of BC, such as differentiation, prolif-
eration, apoptosis, development, and tumorigenesis (Yahya
& Elsayed, 2015). MiRNA expression may be used as po-
tential biomarkers for the diagnosis, prognosis, and ther-
apy. Nevertheless, most of the studies describe the miRNA
expression in cell lines and primary tumor tissue to date.
Recently, several reports have proved that circulating miR-
NAs derived from epithelial tumors were deregulated in
different types of diseases, including cancer (Cheng, 2015).
The distinct biological properties of the serum/plasma
miRNAs including the remarkable stability, availability
for rapid and accurate quantification, the possibility of
their repeated measurement, and a direct link with disease
states make them attractive candidates for the development
of novel markers (McDonald, Milosevic, Reddi, Grebe, &
Algeciras-Schimnich, 2011).

Recently, several reports have shown the dysregulated
expression of miR-23a-3p, miR-29b-2-5p, miR-130a-5p,
miR-144-3p, miR-148a-3p, miR-152-3p, and miR-182-5p
in tumor tissue was associated with the development of
BC (Chen, Cheng, Chen, Chen, & Shen, 2017; Gu et al.,
2018; Kong, Zhang, Li, Shao, & Fang, 2018). However,
there have been a few reports on the role of plasma miR-
NAs in BC. Here, we investigated and compared the ex-
pression of these seven plasma miRNAs in patients with
BC and healthy controls. Moreover, potential relationships
between these plasma miRNAs level and existing clini-
copathological features of BC, such as hormone receptor

status, stage, clinical T, and lymph node invasion, were sta-
tistically analyzed. Our data showed that miR-23a-3p, miR-
130a-5p, miR-144-3p, miR-148a-3p, and miR-152-3p were
significantly downregulated in plasma of patient with BC
and could be served as the potential noninvasive molecular
biomarkers for the early detection of BC.

2 | SUBJECTS AND METHODS

2.1 | Study subjects and sample collection
The study consisted 106 patients with BC and 96 healthy
age-matched volunteers from the First Affiliated Hospital
of Xi'an Jiaotong University. All participants were ge-
netically unrelated ethnic Han Chinese females. Patients
with BC were newly diagnosed and histopathologically
confirmed by biopsy and pathology. No patients had un-
dergone chemotherapy or radiotherapy, surgical therapy,
or systemic therapy before sample collection. The healthy
controls had no history of cancer, no family history of BC,
and no endocrine or reproductive system diseases by physi-
cal examination. Clinical characteristics information was
collected through interviewer-administered questionnaires
and/or medical records.

Five milliliters of blood sample from each participant
was collected into EDTA tube for miRNA analysis. Plasma
was subsequently isolated by centrifugation at 3,000 rpm
for 10 min at 4°C for the isolation of RNA. This study was
approved by the institutional ethics committees of the First
Affiliated Hospital of Xi'an Jiaotong University. All pro-
cedures performed in studies involving human participants
were in accordance with the 1964 Helsinki Declaration.
Written informed consent was obtained from all individuals
who participated in the study.

2.2 | Plasma RNA extraction and miRNA
qRT-PCR

Total RNA (including miRNAs) was extracted from plasma
using the miRcute Serum/plasma miRNA isolation kit (cat.
no. DP501; Tiangen) following the manufacturer's instruc-
tions. After washing miRNAs were eluted in 30 pl of RNase-
free ddH,0O. Quality of RNA was assessed by NanoDrop
2000C (Thermo Scientific). Chromatographic characteristics
and integrity of all RNA samples were determined by RNA
6000 Nano LabChip (Agilent Technologies) and Agilent
2100 Bioanalyzer system (Agilent Technologies). Then,
RNA samples were converted into cDNA immediately.

The reverse transcription (RT) reactions of U6 and miRNAs
(miR-23a-3p, miR-29b-2-5p, miR-130a-5p miR-144-3p, miR-
148a-3p, miR-152-3p, and miR-182-5p) were performed by the
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miRcute Plus miRNA First-Strand cDNA Synthesis Kit (cat.
no. KR211; Tiangen) with Oligo (dT)-Universal Tag primer.
The synthesis reaction consisted of 10 pl 2 X miRNA RT reac-
tion buffer, 2 ul miRNA RT enzyme Mix, 0.6-2 pg total RNA,
and RNase-free ddH,O up to 20 pl. The synthesis reaction con-
ditions were 42°C for 60 min and 95°C for 3 min, and hold
at 4°C. After the reaction, the product was diluted with 200 pl
RNase-free water and kept at —20°C until further use.

SYBR Green-based qPCR profiling was performed using
miRcute Plus miRNA qPCR Detection Kit (cat. no. FP411;
Tiangen) in ABI 7500 Real-Time PCR System (Applied
Biosystems) according to the manufacturer's instructions.
The miRNA-specific forward primers sequences were de-
signed based on the miRNA sequences obtained from the
miRBase database (Table S1). The amplification reaction
system consisted of 10 pl 2 X miRcute plus miRNA premix
(with SYBR&ROX), 0.4 pl forward primer (10 pM), 0.4 pl
universal reverse primer (10 pM), 2 pl cDNA, and RNase-
free ddH,O up to 20 pl. The reaction was carried out at 95°C
for 15 min, followed by 40 cycles at 94°C for 20 s and 60°C
for 34 s, and hold at 4°C. Triplicate wells were measured
for each sample. RT reactions and SYBR Green Real-Time
PCR were carried out in a blinded manner. Appropriate neg-
ative controls (ddH,O or no template control) were used in
both cDNA synthesis and RT-qPCR reactions. The levels
of miRNAs were normalized using U6 as reference RNA.
The relative expression quantity (RQ) of miRNA was cal-
culated as RQ = 2742, AACr = mean value of the study
group (Ct irna — Ct yg) — mean value of the control group
(Ct mirna = Ct )

2.3 | Statistical analyses

All analyses were performed with SPSS 18.0 software
(SPSS Institute). Baseline characteristics were presented
as mean =+ standard deviation (SD) for continuous data
and as number (percentages) for categorical parameters.
Independent samples ¢ test was used to evaluate the age dis-
tribution. Plasma miRNA levels between multiple groups
were compared using the independent samples 7 test. The
Spearman correlation coefficient was used for correlation
analysis of expression levels of these miRNAs. The median
expression level of miRNAs was used as the cutoff point
to divide patients with BC into low and high expression
groups. A chi-square test and one-way ANOVA were used
to assess the association between miRNA levels and clin-
icopathological characteristics between cases and controls.
Diagnostic accuracy of candidate miRNAs or their combi-
nations was assessed by receiver operating characteristic
(ROC) curves analysis, and the area under the ROC curve
(AUC) was also calculated. All tests were two-sided test
and p values less than .05 was considered to be statistically
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significant. Statistical significance was established at
*p < .05 or **p < .01.

24 | TCGA data

Due to the purpose of relatively early diagnosis in this
study and plasma collected precancer therapy, tumor tis-
sue was not available from patients recruited for this study.
In addition, plasma collected from all patients enrolled in
this study occurred prior to chemotherapy administration
and/or tumor biopsy. Therefore, in order to compare differ-
ences in miRNA expression levels in tumor tissue versus
plasma, publicly available data from the TCGA (Cancer
Genome Atlas Network, 2012) were used. The miRNA ex-
pression data of the cancer tissues from patients with BC
were downloaded from TCGA (https://portal.gdc.cancer.
gov/) in the form of data matrices documenting patterns
of miRNA expression for 8§70 BC tissue samples and 78
normal tissues at age 20-75 years. The tissue level expres-
sion of miRNA (miRNA-seq), available as RPKM (reads
per kilobase of transcript per million) values, was obtained
using the Illumina HiSeq platform. The expression level of
miRNA was normalized using Limma package of R lan-
guage (Smyth, 2004).Then, we analyzed the expression
trends of a given miRNA across tissue and plasma samples.
In addition, the miRNA expression and prognostic signifi-
cance in BC were evaluated using Kaplan-Meier Plotter
database  (http://kmplot.com/analysis/index.php?p=servi
ce&cancer=breast_mirna).

3 | RESULTS

3.1 | Characteristics of study subjects

A total of 202 women which included 106 patients (me-
dian age 53.19 + 6.41 years) with BC and 96 healthy
controls (median age 54.81 + 8.38 years) were enrolled
in the study. There were no significant differences in age
between the patients with BC and the controls (p = .122).
Characteristics of study subjects were summarized in Table
1, including age, hormone-receptor-positive status, HER2
status, stage, T classification, nodal status, and pathologi-
cal subtypes.

3.2 | Significantly differentiated plasma
miRNAs between the controls and BC patients

We measured plasma miRNA levels of miR-23a-3p, miR-
29b-2-5p, miR-130a-5p, miR-144-3p, miR-148a-3p, miR-
152-3p, and miR-182-5p between the controls and patients
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Control (n = 96)

TABLE 1 Characteristics of patients with breast cancer and controls
Case (n = 106)

Variables Number
Age Mean + SD (year) 53.19 +6.41
ER status Positive 66

Negative 31

Missing 9
PR status Positive 57

Negative 39

Missing 10
HER?2 status Positive 30

Negative 49

Missing 27
Stage I-11 63

II-IV 38

Missing 5
Clinical T 1-2 86

34 14

Missing 6
Lymph node invasion Yes 55

No 46

Missing 5
Pathological subtypes Luminal B 52

Luminal A 23

Her-2 19

Triple negative 10

Missing 5

Note: Bold p values were calculated by independent samples T test.

% Number % P

54.81 + 8.38 Ja122

62.3
29.2
8.5

53.8
36.8
9.4

28.3
46.2
25.5
59.4
35.8
4.7

81.1
13.2
5.6

51.9
434
4.7

47.7
21.1
17.4
9.2

4.6

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; RP, progesterone receptor.

with BC. We found that miR-23a-3p (p = .025), miR-130a-5p
(p = .006), miR-144-3p (p = .040), miR-148a-3p (p = .023),
and miR-152-3p (p = .019) were downregulated in the
plasma of patients with BC when compared with healthy
women (Table 2 and Figure 1).

Next, tissue expression trends in the corresponding five
miRNAs were measured (Table 2). MiRNA expression val-
ues in BC tissue (n = 870) and noncancerous tissue (n = 78)
were obtained from publically available TCGA RNASeq
data. Expression trends for some miRNAs (miR-130a-5p,
miR-144-3p and miR-152-3p) were similar in both tissue and
plasma. The expression of miR-23a-3p and miR-148a-3p in
tissue and plasma levels showed a reversal of the trend. MiR-
148a-3p was a significantly increased in BC tissue levels
(TCGA) compared with nontumor tissue samples, and miR-
23a-3p showed no significantly different.

In addition, the correlation analyses showed that these
plasma miRNA expression levels had strong correlations,
and their correlation coefficients were 0.315 (miR-23a-3p

vs. miR-144-3p, p = .001), 0.584 (miR-23a-3p vs. miR-
148a-3p, p < .001), 0.289 (miR-23a-3p vs. miR-152-3p,
p = .003), 0412 (miR-130a-5p vs. miR-148a-3p,
p <.001), 0.391 (miR-144-3p vs. miR-148a-3p, p < .001),
0.671 (miR-144-3p vs. miR-152-3p, p < .001), and 0.481
(miR-148a-3p vs. miR-152-3p, p < .001), respectively
(Table 3).

3.3 | The diagnosis role of candidate
miRNAs for BC

Receiver operating characteristics (ROC) curve was used to
evaluate the ability of significantly differentiated plasma miR-
NAs to distinguish patients with BC from healthy controls
(Figure 2). For combined plasma miRNA panel (miR-23a-3p,
miR-130a-5p, miR-144-3p, miR-148a-3p, and miR-152-3p),
the AUC was 0.699 with 95% CI: 0.622-0.775 and the sensitiv-
ity and specificity were 0.865 and 0.459, respectively.
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TABLE 2 Expression changes of plasma miRNA in BC cases and healthy controls
Plasma Tissue (TCGA)
Controls BC patients
miRNAs (M + SD) (M + SD) P Controls (M + SD) BC patients (M + SD) P
miR-23a-3p 65.37 + 16.43 24.48 +7.35 .025% 3,545.35 + 127.80 3,476.15 +77.20 .644
miR-130a-5p 200.62 + 46.65 66.38 + 12.32 .006%+* 134.48 + 66.14 84.61 +21.77 <.001%**
miR-144-3p 39.87 + 10.36 16.54 + 4.30 .040* 613.89 + 154.24 70.48 + 28.67 001%*
miR-148a-3p 167.03 + 49.49 50.90 + 8.83 .023* 30,384.03 +2,351.92 55,066.80 + 1,650.86 <.001%**
miR-152-3p 333.18 + 94.81 100.13 + 22.44 019* 293.70 + 112.36 261.84 + 161.79 .023*

Abbreviations: BC, breast cancer; M, mean values; SD, standard deviation.

Bold indicates statistical significance of expression level with *p < .05, **p < .01.

3.4 | Correlation of plasma miRNA levels
to the status of ER, PR and HER2

Moreover, we have stratified the patients to examine the as-
sociations between the plasma levels of the designated miR-
NAs and the status of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2
(HER2). We found that the miR-23a-3p (p = .037), miR-130a-
5p (p =.007), miR-144-3p (p = .043), miR-148a-3p (p = .032),
and miR-152-3p (p = .037) did show significant difference in
ER-positive patients compromised to the controls (Figure S1).
MiR-130a-5p (p = .020), miR-148a-3p (p = .023), and miR-
152-3p (p = .012) also showed significant differences between
ER-negative patients and the controls. As shown in Figure S2,
the miR-23a-3p (p = .004), miR-130a-5p (p = .010), miR-
144-3p (p = .006), miR-148a-3p (p = .035), and miR-152-3p
(p = .010) were significantly downregulated in the patients
with PR positive compared with the controls. Furthermore,
miR-130a-5p (p = .011) and miR-148a-3p (p = .023) expressed
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statistically significantly different between two groups: PR-
negative patients and the controls. For HER2 status (Figure
S3), we found that the miR-23a-3p (p = .002), miR-130a-5p
(p =.007), miR-144-3p (p = .025), and miR-152-3p (p = .012)
displayed significant differences in HER2-negative patients
with comparison to the healthy controls. The significant dif-
ference miR-130a-5p between HER2-positive patients and the
controls was observed (p = .044, Table 4).

3.5 | Correlation of plasma miRNA levels
to the status of pathological data

We also evaluated the correlation of these miRNAs and the
pathological data, such as BC stage, T classification, nodal
status, and pathological subtypes. Compared with normal con-
trols, lower levels of miR-23a-3p (p = .025), miR-130a-5p
(p = .021), miR-144-3p (p = .011), miR-148a-3p (p = .032),
and miR-152-3p (p = .013) were also observed in patients
with stage I-1I, and miR-130a-5p (p = .002) and miR-148a-3p

(b) I Control
500 — . [ Case
450 4 [ ]

400 -
350
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100 —

Relative expression of miRNA
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The expression of seven plasma miRNAs in breast cancer patients and healthy controls. Statistical significance of expression
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TABLE 3 Coefficients of correlation among five miRNAs
miR-23a-3p miR-130a-5p miR-144-3p miR-148a-3p miR-152-3p

miRNAs r p r P r P r ) r P

miR-23a-3p 1.000 —

miR-130a-5p 0.146 154 1.000 —

miR-144-3p 0.315 L001%* 0.060 557 1.000 —

miR-148a-3p 0.584 <.001%* 0.412 <.001%#* 0.391 <.001%#* 1.000 —

miR-152-3p 0.289 .003** 0.185 .068 0.671 <.001%* 0.481 <.001%* 1.000 —

Bold indicates statistical significance of expression level with *p < .05, **p < .01.

(p =.020) in patients with stage III-IV (Figure S4). Stratified by
T classification, we observed that significant difference in the
expression of miR-130a-5p (p = .009), miR-144-3p (p = .042),
miR-148a-3p (p = .029), and miR-152-3p (p = .024) between
patients with clinical T1-2 and the controls, as shown in Figure
S5. The expression of miR-23a-3p level was significantly lower
in BC with clinical T3-4 than in the health controls (p = .003).

Expression of miR-23a-3p (p = .002), miR-130a-5p
(p = .011), miR-144-3p (p = .002), miR-148a-3p (p = .008),
and miR-152-3p (p = .008) was significantly different be-
tween patients without lymph node metastasis and the
controls (Figure S6). MiR-130a-5p (p = .008) was also sig-
nificantly different between patients with lymph node metas-
tasis and the controls. Furthermore, miR-148a-3p expression
was higher in patients with lymph node metastasis as com-
pared to patients without lymph node metastasis (p = .030).
Our results also suggested that patients with lymph node

ROC Curve
1.0
0.8
" 0.6
=
‘B
E=
L
%)
0.4
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

FIGURE 2 Receiver operating characteristics (ROC) curve of
combined miRNA panel to differentiate patients with breast cancer
from healthy controls

metastasis appeared to have higher expression of miR-144-3p
(p = .041, Table 4).

In addition, lower levels of miR-23a-3p (p = .005) and
miR-152-3p (p = .004) in patients with luminal A subtype,
miR-130a-5p (p = .019) in patients with luminal B subtype
and miR-152-3p (p = .010) in patients with Her-2 subtype
were observed compared with normal controls (Figure S7).
MiR-130a-5p (p = .022) was also different between patients
with Her-2 subtype and patients with triple negative. The ex-
pression of miR-152-3p level was significantly lower in pa-
tients with luminal A subtype than in patients with luminal B
subtype (p = .010).

3.6 | miRNA expression and prognosis
based on TCGA database

Based on Kaplan-Meier Plotter database (Figure 3), the ex-
pression of miR-130a-5p [hazard ratio (HR) = 0.78; 95%
CI: 0.64-0.96; logrank p = .021], miR-148a-3p (HR = 0.70;
95% CI: 0.57-0.86; logrank p = .00062), and miR-152-3p
(HR =0.78; 95% CI: 0.63-0.96; logrank p = .021) was found
to be associated with BC prognosis.

4 | DISCUSSION
An important area in current BC research is the identifi-
cation of novel biomarkers for early diagnosis. Currently,
several studies have demonstrated that circulating miR-
NAs are differentially expressed in patients with BC and
are potential biomarkers useful in BC diagnosis (Grimaldi
& Incoronato, 2019; Incoronato & Grimaldi, 2019;
Swellam, El Magdoub, Hassan, Hefny, & Sobeih, 2018).
In this study, we have identified significant reduction of
miR-23a-3p, miR-130a-5p, miR-144-3p, miR-148a-3p,
and miR-152-3p in the plasma of the patients compared
with the controls, indicating the diagnostic potential of
these miRNAs in BC.

In BC, miR-23a was involved in invasion, migration,
Ilymph node metastasis, and survival (Eissa, Matboli, &
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FIGURE 3 Kaplan-Meier Plotter of miRNA expression and breast cancer (BC) prognosis. The expression of miR-130a-5p (a), miR-148a-

3p (b), and miR-152-3p (c) was associated with BC survival. The Kaplan—-Meier plots were generated by Kaplan—Meier Plotter database (http://

kmplot.com/analysis/index.php?p=service&cancer=breast_mirna). p-values (logrank test) .05 means the data is statistically significant

Shehata, 2015; Ma, Li, et al., 2017). Moreover, miR-23a
acted as negative regulators of PR expression in ER-
positive BC (Gilam et al., 2017). Several studies have
suggested miR-130a expression was downregulated in BC
tissues and cells, and associated with the patients with re-
currence (Sueta, Yamamoto, Mtt, Yamamoto-Ibusuki, &
Iwase, 2017). Besides, overexpression of miR-130a was
able to inhibit cell proliferation, invasion, and migration
in MCF7 and MDA-MB-435 cells (Pan et al., 2015). MiR-
144 suppressed BC cell proliferation, migration, and in-
vasion and induced cell cycle arrest and cell apoptosis by
repressing CEP55 (Yin, Cai, Meng, Sui, & Jiang, 2018).
Previous studies showed that miR-148a could suppress
the estrogen-induced viability and migration of BC cells
via inhibition of ERa protein expression (Ma, Feng, et al.,
2017). MiR-152-3p might serve as a tumor suppressor in
human BC cells via negatively regulating PIK3CA expres-
sion to inhibit the activation of AKT and RPS6, leading
to suppression of BC cell proliferation (Ge, Wang, Kong,
Gao, & Sun, 2017). These studies have indicated that
miR-23a-3p, miR-130a-5p, miR-144-3p, miR-148a-3p,
and miR-152-3p played important roles in human BC
tumorigenesis.

Plasma levels of miRNA are not necessarily a re-
flection of tissue levels (Cookson et al., 2012). We also
compared the differences in miRNA expression levels in
tumor tissue versus plasma. Notably, miR-130a-5p, miR-
144-3p, and miR-152-3p were downexpressed in BC tis-
sues as well as plasma; therefore, these miRNAs might
directly reflect BC tumor biology. We also found that
the relative expression of these five miRNAs was closely
associated with the clinicopathologic features of the BC
such as the expression of sex hormone receptor (ER, PR,
and HER?2), histological tumor grades, and lymph node
metastasis. In clinic, the expression level of hormone

receptors including ER, PR, and HER?2 and tumor grade
is often used for classification and target therapy indica-
tors of BCs (Schettini et al., 2016). Our results showed
that the expression of miR-23a-3p, miR-144-3p, and
miR-152-3p was related to ER positive and PR positive,
indicating that these plasma miRNA levels might sep-
arate the ER-positive and PR-positive subtypes of BC.
Stratified by BC stage, miR-23a-3p, miR-144-3p, and
miR-152-3p did show significant differences in the stag-
ing compromised to the control, especially in stage I-1I.
Besides, the expression of the miR-130a-5p, miR-144-3p,
miR-148a-3p, and miR-152-3p in the plasma showed a
significant difference between patients with T1-2 and the
controls. Moreover, we also found that miR-144-3p and
miR-148a-3p were associated with lymph node invasion.
Consistent with our results, one study indicated that miR-
144-3p served as early detection markers of metastasis in
BC (Madhavan et al., 2016). The findings suggest that
the deregulation of the miRNAs might affect critical mo-
lecular events involved in tumor progression and could
be used to identify the different nature of breast tissues.
Thus, measurements of miRNAs as the biochemical
markers can help to diagnose the different stages of BC
prior to clinical investigations on the samples. However,
further studies in a large population should be needed to
validate the feasibility of these miRNAs as novel nonin-
vasive biomarkers.

Our study presents several limitations. First, the size of
patients with BC and normal controls were still relatively
small, limiting the evaluation on these miRNAs as predictive
biomarkers in early detection of BC. Second, the follow-up
results, such as disease recurrence and disease-free survival
were lacked, which prevented us from conducting prognosis
analyses. Further validations in large, independent prospec-
tive cohorts are recommended.
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In conclusion, we identified five miRNAs as being down-
regulated in the plasma of patients with BC compared to
healthy control individuals. Strikingly, expression trends
for miR-130a-5p, miR-144-3p, and miR-152-3p were simi-
lar in both tissue and plasma. Besides, they were also signif-
icantly associated with sex hormone receptor, clinical stage,
and lymph node metastasis. All of plasma miRNAs them
exhibit great potential in serving as promising noninvasive
candidates for BC detection. Future prospective studies
using a large cohort will be needed to confirm our findings.
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