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Exosome-encapsulated microRNA-223-3p as a minimally invasive
biomarker for the early detection of invasive breast cancer
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Abstract. Patients diagnosed preoperatively with ductal
carcinoma in situ (DCIS) breast cancer have the potential
to develop invasive ductal carcinoma (IDC). The present
study investigated the usefulness of exosome-encapsulated
microRNA-223-3p (miR-223-3p) as a biomarker for detecting
IDC in patients initially diagnosed with DCIS by biopsy.
The potential association between miR-223-3p and clinico-
pathological characteristics was examined in patients with
breast cancer. Exosomes of 185 patients with breast cancer
were separated from plasma by ultracentrifugation. Initially
a microRNA (miRNA) microarray was examined to reveal
the invasion specific miRNAs using exosomes collected from
6 patients with breast cancer, including 3 DCIS patients, 3 IDC
patients and 3 healthy controls. In the miR microarray analysis
the miR-223-3p levels of IDC patients demonstrated the highest
fold-change compared with those in the DCIS patients and
healthy controls. The potential of miR-223-3p for cell prolifera-
tion and cell invasion were examined in vitro using MCF7 cells
transfected with the miR-223-3p gene. MCF7 cells transfected
with the miR-223-3p gene significantly promoted cell prolifer-
ation and cell invasive ability (P<0.05). The plasma exosomal
miR-223-3p levels of the other 179 patients with breast cancer
and 20 healthy controls were measured using TagMan miR
assays. The exosomal miR-223-3p levels of the patients with
breast cancer were significantly increased compared with the
healthy controls (P<0.01). A statistically significant associa-
tion was observed between the exosomal miR-223-3p levels
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and histological type, pT stage, pN stage, pathological stage,
lymphatic invasion and nuclear grade (P<0.05). The exosomal
miR-223-3p levels of IDC patients (stage I) and upstaged IDC
patients (stage I) were significantly higher compared with the
DCIS patients (P<0.05). These results suggest that exosomal
miR-223-3p may be a useful preoperative biomarker to identify
the invasive lesions of DCIS patients diagnosed by biopsy. In
addition, plasma exosome-encapsulated miR-223-3p level was
significantly associated with the malignancy of breast cancer.

Introduction

Breast cancer is one of the most common forms of cancer
among Japanese women, and about 70,000 women were
diagnosed with breast cancer in 2015 (1). After the advent
of screening mammography, there was an increase in the
reported number of small invasive tumors (measuring <2 cm
or in situ carcinomas) (2). Ductal carcinoma in situ (DCIS) is
a heterogeneous disease that currently accounts for approxi-
mately 20% of all screening-detected breast cancers (3). This
disease is characterized by a proliferation of neoplastic ductal
epithelial cells that are confined to the basement membrane of
the mammary ducts. However, lesions initially diagnosed as
DCIS in needle biopsy are occasionally upstaged to invasive
ductal carcinoma (IDC) after the final pathology report on the
completely excised specimen. It has been reported that the IDC
identification rates at final pathology in patients initially diag-
nosed with DCIS by core-needle biopsy or vacuum-assisted
biopsy devices are between 8 and 38% (4,5). Therefore, clarifi-
cation of the invasive cancer in patients diagnosed with DCIS
by needle biopsy is important in deciding treatment strategy.
The ability to distinguish DCIS and IDC at an earlier stage,
would enable earlier individualized treatment options.
MicroRNAs (miRNAs) are 18-25 nucleotides single
stranded non-coding RNAs. They regulate gene expression
at the transcriptional or post-transcriptional level, and can act
as either tumor suppressor genes or oncogenes, depending on
the roles of their target mRNAs (6). An increasing number of
studies have shown aberrant expression profiles of miRNAs
in breast cancer, and reported on the usefulness of miRNA
for diagnosis of breast cancer (7). Recently, miRNAs have
been identified in plasma and serum (plasma/serum) and are
considered as minimally invasive liquid biomarkers for diag-
nosis, prognosis, and therapeutic outcome in various cancer
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patients, including the breast cancer (8). Furthermore, these
circulating miRNAs have been identified in the exosome
of plasma/serum in a stable form, which is protected from
endogenous RNase activity (9). Exosomes are 50-150 nm
in diameter membrane-derived vesicles that are actively
secreted from many cell types. They contain protein, lipids,
mRNAs and miRNAs, and can transfer these components to
other cells (10-12). In general, cancer cells secrete exosomes
and cancer patients show high concentrations of exosomes
in the blood. Therefore, exosomes which encapsulate intact
miRNA could be potential biomarkers of malignancy of
cancer (13-15). However, there is currently little available
information regarding the relationship between the exosomal
miRNA expression profiles and the pathological condition in
patients with breast cancer. In particular, few reports have been
published on the exosome miRNA characteristics of DICS and
IDC patients with breast cancer.

In this study, we examined the usefulness of plasma
exosomal miRNAs in the selection of patients with invasive
lesions in DICS patients diagnosed using needle biopsy.
Furthermore, we aimed to clarify the relationship between
this invasion-specific exosomal miRNA and the clinicopatho-
logical factors of breast cancer.

Patients and methods

Study design and clinical samples. In this study, 185 breast
cancer patients were included. Clinical samples were obtained
from breast cancer patients who underwent surgery between
June 2014 and May 2017 at Teikyo University School of Medicine
(Tokyo, Japan). For a healthy control, 20 healthy volunteers were
included. Peripheral blood and plasma samples were collected
before the start of treatment. This study protocol conformed to
the guidelines of the ethics committee, and was approved by
the review board of the Teikyo University (09-081-3). Written
informed consent was obtained from all the patients.

First, we selected the plasma exosomal miRNA which can
distinguish between DCIS and IDC of breast cancer by the
miRNA array using exosomes collected from DCIS patients
(n=3), IDC patients (n=3) with stage I and healthy controls
(n=3). Next, we examined the potential of selected miRNA for
cell proliferation and cell invasion using the MCF7 cell lines
in vitro. Third, we clarified the usefulness of selected plasma
exosomal miRNA as biomarker for distinguishing early IDC
from another 43 patients diagnosed with DCIS by preoperative
needle biopsy. Finally, we examined the relationship between
the selected miRNA and clinicopathological characteristics
using the exosomes collected from 179 patients with breast
cancer.

Cell culture. The human breast cancer cell line MCF7 was
obtained from the Cell Resource Center for Biomedical
Research Institute of Development, Aging and Cancer, Tohoku
University. The Cell line was maintained in RPMI-1640
supplemented with 10% fetal bovine serum (FBS) at 37°C in a
5% humidified CO, atmosphere.

Transfection and establishment of pre-miR-223-3p-stably
transfected MCF7 cell line. The backbone plasmid
pcDNA6.2-GW/EmGFP-miR was obtained from
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the Block-iT Pol II miR RNAi Expression Vector kit
(Thermo Fisher Scientific, Inc., Waltham, MA, USA).
The plasmids pcDNA6.2-GW/EmGFP-pre-miR-223-3p
(pCMV-pre-miR-223-3p) containing pre-miR-223-3p, and
pcDNA6.2-GW/EmGFP-miR-neg (pCMV-N) containing
an unrelated insert were constructed according to the
manual for the Block-iT Pol II miR RNAi Expression
Vector kit, as described previously (16). The sequence of
mature miR-223-3p was UGUCAGUUUGUCAAAUAC
CCCA (has-miR-223-3p). The pCMV-pre-miR-223-3p and
pCMV-miR-neg were transfected into the MCF7 cell line
using the lipofectamine 3000 (Life Technologies, Inc, Tokyo,
Japan) according to the manufacturer's instructions. Then
stably transfected cells expressing mature miR-223-3p were
selected with G418 treatment followed by sorting with GFP
by MACS. A pCMV-miR-neg-transfected clone of the cell
line was used for the control. Expressions of miR-223-3p of
pCMV-pre-miR-223-3p or wpCMV-miR-neg-transfected
MCFT7 cells were measured by reverse transcription-quantita-
tive polymerase chain reaction (RT-qPCR) system (StepOne;
Thermo Fisher Scientific, Inc.) and Digital PCR system (Quant
Studio 3D Digital PCR System; Thermo Fisher Scientific, Inc.).

Cell proliferation assay. Cell proliferation was evalu-
ated by performing MTT assays using a Cell Proliferation
kit 1 (Roche Applied Science, Penzberg, Germany) according
to the manufacturer's instructions. miR-223-3p-transfected
cells and mock-transfected cells were seeded at 3,000 cells
per well in triplicate 96-wells in 100 1 medium. The coloring
reaction was quantitated using a plate reader, at 570 nm with a
reference filter of 650 nm. Each independent experiment was
performed in triplicate.

Cell invasion assay. Cell invasion capacities were assessed
using the BD BioCoat Tumor Invasion System, 24 Multiwell
(BD Bioscience) according to the manufacturer's instructions
as described previously (16). In brief, miR-223-3p-transfected
cells and mock-transfected cells (10° cells/well) were placed
in the upper chamber, and the lower chamber was filled with
750 ul of RPMI-1640 with 10% FBS and incubated in a
humidified atmosphere (37°C and 5% CO,). After 48 h incuba-
tion, the upper chamber was transferred into a second 24-well
plate, with each well containing 500 ul of 4 yg/ml calcein
AM solution. The plates were incubated for an additional 1 h
(37°C and 5% CO,). Invasive cells that advanced through the
membrane were evaluated in a fluorescence plate reader at
excitation/emission wavelengths of 485/535 nm. Each indepen-
dent experiment was performed in triplicate.

Purification of exosome from plasma. Peripheral blood was
separated by centrifugation at 2,000 x g for 15 min at 4°C
in order to collect plasma. Plasma of 1.0 ml was used for
microarray analysis and reverse transcription-quantitative
PCR (RT-qPCR). Exosomes of plasma were separated by
ultracentrifugation at 15,000 x g for 70 min. at 4°C, and the
pellets were washed with phosphate-buffered saline (PBS) and
prepared for microarray and RT-qPCR analysis.

Confirmation of exosome by electron microscopic image.
Isolated exosomes were confirmed by transmission electron
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microscopy. Isolated exosomes were dissolved in PBS buffer,
and a drop of the suspension was placed on a sheet. A
carbon-coated copper grid was floated on the drop for 10s.
Then the grid was removed and excess liquid drained by filter
paper. The grid was put in contact with a drop of 2% uranyl
acetate of phosphotungstic acid for 5s. After remove of the
excess liquid, the grid was allowed to dry for several min
and was then observed using electron microscope (HITACHI
H-7600; Hitachi, Ltd., Tokyo, Japan).

Total RNA isolation from exosomes and tissues. Total RNAs
(including the miRNA) of exosomes were isolated using the
miRNeasy serum/plasma kit (Qiagen, Inc., Valencia, CA,
USA), and total RNAs (including the miRNA) of tissues
were extracted using the miRNeasy Mini kit (Qiagen, Inc.).
Subsequent procedure was performed according to the manu-
facturer's protocol described previously (17). Using an Agilent
2100 Bioanalyzer, quality of extracted RNA was examined
(Agilent Technologies, Inc., Santa Clara, CA, USA).

miRNA microarray analysis. Exosomal miRNA expression
profiles were examined using a 3D-Gene Human miRNA Oligo
chips ver.21 (Toray Industries Inc., Tokyo, Japan), according
to the manufacturer's protocol. Fluorescence signals were
scanned and analyzed using the 3D-Gene Scanner (Toray).
The number of genes mounted in this chip was 2,565. The
raw data for each spot were normalized to the mean intensity
of background signals determined by all blank signal intensi-
ties at a 95% confidence intervals. Valid measurements were
considered those in which the signal intensity of both duplicate
spots was >2SD of the background signal intensity.

RT-gPCR for miRNA of exosomes and tumor tissues.
miRNA expressions of plasma exosomes and tissues were
assayed using RT-qPCR as described previously (18). All
primers, reagents and assay kits for TagMan RT-qPCR
assays were purchased from ThermoFisher Scientific, Inc.
Complementary DNA (cDNA) of exosomes or tissues samples
was synthesized from total RNA using TagMan MicroRNA
primers specific for miR-223-3p (002295) and TagMan
MicroRNA RT kit. miR-16a (000391) was used as an internal
control for exosomal samples, and RNU-6B (001093) was
used as an internal control for tissue samples. RT-qPCR
was performed using TagMan Universal PCR Master Mix
and StepOne, following the manufacturer's protocol. Each
sample was analyzed in triplicate. Relative quantification of
miRNA expression was calculated using the 2-24“4method as
described previously (18).

RT-gPCR for EPB4I1L3 mRNA of tumor tissues. Total
RNAs were extracted by miRNeasy Mini kit (Qiagen, Inc.)
and cDNA synthesis was performed using random hexamer
primers and SuperScript II reverse transcriptase according
to the manufacturer's protocol (Thermo Fisher Scientific.
Inc.). The amplifications of EPB41L.3 mRNA (Hs00202360)
and GAPDH mRNA (Hs03929097) were performed using
the TagMan primer and probe set (Thermo Fisher Scientific,
Inc.) and the RT-qPCR of these mRNAs was measured using
StepOne. GAPDH mRNA was used as an internal control for
this assay. All the experiments were performed in triplicate.
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Figure 1. Plasma exosome image by transmission electron microscope.

The expression levels of EPB411.3 mRNA were normalized to
GAPDH mRNA expression levels.

Statistical analysis. The data were expressed as mean + stan-
dard deviation. The relationships between microRNA
expression and clinicopathological factors were analyzed using
the Student's t-test, the chi-squire test and one-way analysis
of variance (ANOVA). Tukey-HSD was used as post hoc test
after one-way ANOVA. Univariate analysis was examined
for each factor, and multivariate analysis was performed for
factors that showed significance in univariate analysis. All
P-values are two-sided, and P<0.05 was considered to indicate
a statistically significant difference. Statistical analyses were
performed using the JMP 9.0 software (SAS Institute, Inc.,
Cary, NC, USA).

Results

Identification of exosome in plasma. To confirm the isolation
of exosome, we examined the ultracentrifugation samples
from the plasma of breast cancer patients using transmission
electron microscopy. We captured images of micro vesicles
with diameters of about 100 nm (Fig. 1).

Exosomal miRNA profile of DCIS and IDC breast cancer
patients. To clarify the exosomal miRNA useful for discrim-
inating between the DCIS and IDC of the breast cancer
patients, we examined the miRNA microarray analyses of
samples from 3 DCIS patients, 3 IDC patients with stage I
and 3 healthy controls. The clinical characteristics of these
patients are shown in Table I. The average age of DCIS and
IDC patients was 66 years (range, 49-78) and 59 years (range,
38-75), respectively. The degree of vascular invasion, lymph
node metastasis, nuclear grade (NG), estrogen receptor (ER)
and progesterone receptor (PgR) were the same in DCIS and
IDC patients. The average value of Ki67 labeling index (Ki67)
of IDC patients is higher than that of DCIS patients; however
it was not a significant difference. Table II shows the 5 most
highly upregulated exosomal miRNAs among 2565 miRNAs
in these breast cancer patients. In the exosomal samples,
the miR-223-3p (MIMATO0000280) of IDC patients showed
the highest fold-change (3.45 times) as compared with that
of the healthy controls. And the miR-223-3p of IDC patients
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Table I. Characteristics of patients used for miRNA microarray
analyses.

Variable DCIS (n=3) IDC (n=3)
Age, year (range) 66 (49-78) 59 (38-75)
Tumor size, cm (range) 0 1.8 (0.3-2.0)
Pathological stage

0 3 0

1 0 3
Vascular invasion

) 3 3

(+) 0 0
Lymph node metastasis

(-) 3 3

+) 0 0
NG

1 2 2

2 1 1

3 0 0
ER

) 1 1

(+) 2 2
PgR

) 1 1

+) 2 2
HER2 3

Q) - 3

(+) 0
Ki67, % (range) 9 (5-15) 14 (7-20)

*HER?2 determinations were not performed. Age, tumor size and Ki67
are average values. DCIS, ductal carcinoma in situ; IDC, invasive
ductal carcinoma; NG, nuclear grade; ER, estrogen receptor; PgR,
progesterone receptor.

also showed a high fold-change (2.85 times) as compared
with that of the DCIS patients. We selected miR-223-3p as
a potential marker for diagnosis of early invasion in breast
cancer patients.

Expression of miR-223-3p in miR-223-3p-transfected
MCF7 cells. The miR-223-3p gene expressions of
pCMV-pre-miR-223-3p transfected (miR-223-3p-transfected)
MCF7 cells and pCMV-N transfected (mock-transfected)
MCEFT7 cells were measured by RT-qPCR and Digital PCR. In
the RT-qPCR assay, a significant amplification of miR-223-3p
was shown in the miR-223-3p-trasnfected MCF7 cells as
compared with that of the mock-transfected cells (Fig. 2A). In
the digital PCR assay, the copy number of miR-223-3p of the
miR-223-3p-transfected MCF7 cells was significantly higher
than that of the mock-transfected MCF7 cells (Fig. 2B).

Cell proliferation and cell invasion potentials. To examine
the proliferation potential of the MCF7 cells transfected with
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miR-223-3p, MTT assays were performed. As shown in Fig. 3A,
MCFT7 cells transfected with miR-223-3p showed a significant
increase of proliferation compared to that of mock-transfected
MCFT7 cells (P<0.05). To evaluate the cell invasion potential of
the MCF7 cells transfected with miR-223-3p, invasion assays
were performed. As presented in Fig. 3B, the invasive ability
of MCF7 cells transfected with miR-223-3p was significantly
increased compared to that of mock-transfected MCF7 cells
(P<0.05).

Expression of miR-223-3p in the plasma exosomes and breast
cancer tissues. We examined the correlation between the
exosomal miR-223-3p levels and the miR-223-3p expressions
in primary tumor tissues collected from same breast cancer
patients. This study consisted of 40 breast cancer patients,
including DCIS patients (n=5) and stage I patients (n=15),
stage II patients (n=15) and stage III patients (n=5). As shown
in Fig. 4, a positive significant correlation was demonstrated
between them (P<0.01). Fig. 5 shows a comparison of exosomal
miR-223-3p levels between the breast cancer patients and the
healthy controls. The exosomal miR-223-3p levels of the breast
cancer patients were significantly higher than those of the
healthy controls (P<0.01). Furthermore, exosomal miR-223-3p
levels increased according to the advance in stage (stage O vs.
stage II and stage III: P<0.01; stage I vs. stage 0, stage II and
stage I1I: P<0.05).

Relationship between clinicopathological factors and
exosomal miR-223-3p levels. To evaluate the correlation
between the miR-223-3p expression levels and the clinico-
pathological characteristics, 179 breast cancer patients were
divided into two groups (high and low expression). The
cut-off level of miR-223-3p was determined as the median
of the relative quantity (median=2.80). The average age was
58 years (range, 33-88). All patients were female. As shown in
Table III, a statistically significant association was observed
between high miR-223-3p expression and histological type, pT
stage, pN stage, pathological stage, lymphatic invasion and NG
(P<0.05).

Comparison of exosomal miR-223-3p levels of DCIS, upstaged
IDC and IDC patients. At the time of diagnosis by biopsy
before surgery, there were 43 DCIS patients and 76 IDC
patients with stage I. Of the 43 DCIS patients diagnosed by
biopsy, 18 patients (41.9%) upstaged to IDC patients with
stage I in the final pathological diagnosis by completely excised
specimen. Fig. 6 shows a comparison of the plasma exosomal
miR-223-3p levels of DCIS patients diagnosed by completely
excised specimen (n=25), upstaged IDC patients with stage I
(n=18), and IDC patients with stage I (n=76). In our study,
miR-223-3p levels of IDC patients and upstaged IDC patients
were significantly higher than those of DCIS patients (P<0.05).

Correlation between miR-223-3p levels and target gene.
Using the target gene prediction program TargetScan and
PicTar, we selected EPB41L3 as one of the direct target
genes of miR-223-3p (data not shown). This study consisted
of 40 breast cancer patients, including DCIS patients
(n=5) and stage I patients (n=15), stage II patients (n=15)
and stage III patients (n=5). The correlation between the
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Table II. Five most highly upregulated miRNAs based on the miRNA microarray.

Fold-changes

Rank miR healthy MirBase no. IDC vs. controls IDC vs. DCIS
1 miR-223-3p MIMAT 0000280 345 2.85
2 miR-130a-3p MIMAT 0000278 3.11 2.03
3 miR-191-5p MIMAT 0000440 3.25 2.14
4 miR-146a MIMAT 0000092 293 2.08
5 miR-221-3p MIMAT 0000278 273 2.24
IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; miR, microRNA.
A 6 B I;I
= MCF7 miR-223-3p 1600
e MCF7 mock
4 0OV = 1200-
-
g :
=, ; 800 4
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Cveles mock miR-223-3p
’ (% P<0.01)

Figure 2. Expression of miR-223-3p gene in MCF7 cells transfected with miR-223-3p. (A) Expression of the miR-223-3p gene in miR-223-3p-transfected
MCEF7 cells and mock-transfected MCF7 cells were examined by reverse transcription-quantitative PCR. (B) Expression of the miR-223-3p gene in MCF
miR-223 and MCF7 mock were examined by digital PCR. "P<0.01. DW, distilled water; PCR, polymerase chain reaction; miR, microRNA.

miR-223-3p and the EPB41L3 mRNA levels in the breast
cancer tissues was examined. As shown in Fig. 7, a signifi-
cant inverse correlation was shown between miR-223-3p and
the EPB41L.3 mRNA expressions in the breast cancer tissues
(y=0.70, P<0.01).

Discussion

In the present study, we demonstrated that miR-223-3p has the
potential to enhance cell proliferation and invasion of breast
cancer cells. In breast cancer patients, exosomal miR-223-3p
levels showed a significant relationship with histological type,
pT stage, pN stage, pathological stage, lymphatic invasion
and NG. Furthermore, we clarified that the plasma exosomal
miR-223-3p levels of patients upstaged from DCIS to IDC
were significantly higher than those of the DCIS patients.

A number of recent studies have supported a model of
breast cancer development in which atypical ductal hyperplasia
evolves into DCIS. It is known that disruption of the myoepi-
thelial layer and the basement membrane in DCIS progresses
to IDC (19). DCIS is considered to be a direct precursor to IDC.
Some studies have reported that lesions initially diagnosed
as DCIS by core-needle biopsy or vacuum-assisted biopsy
are occasionally upstaged to IDC after the final diagnosis

of the completely excised specimen. One study (n=336) has
reported that this underestimation rate was 33.6% and another
meta-analysis study (n=7350) showed an underestimation rate
was 25.9% (5,20). In our study, 41.9% (18/43) of DCIS patients
upstage to IDC after the final diagnosis of the completely
excised specimen. By accurate prediction of DCIS and IDC
before surgery, more appropriate individualized treatment for
these patients can be planned at an earlier time. Early diagnosis
of IDC may lead to more effective treatment. This underes-
timation is mostly occurring due to inherent limitations in
biopsy sampling techniques, whereby a small invasive lesion
may escape detection within the large area of the intraductal
lesion. Previous studies have focused on clinico-histological
or clinico-radiological predictors for underestimation of inva-
sion in biopsy samples (21,22). Meta-analysis has indicated
that the preoperative variables most significantly associated
with underestimation include the biopsy device and guidance
method, size, grade, mammographic features, and palpa-
bility (5). However, the relative importance of these various
predictors of invasive breast cancer and their impact on patient
outcome has not been clearly established. In our study, these
clinical factors did not show a relationship with the invasion of
breast cancer (23). Therefore, a novel biomarker to distinguish
the invasion lesion hidden in the DCIS patients is necessary.
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Figure 3. Potential of cell proliferation and cell invasion of MCF7 cells transfected with miR-223-3p. (A) Cell proliferation assays were examined using the
MCF7 miR-223-3p and MCF7 mock. (B) Cell invasion assays were examined using the MCF7 miR-223-3p and MCF7 mock. “P<0.05, "P<0.05 and *P<0.05.
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Figure 4. Correlation between miR-223-3p levels in plasma exosomes and
breast cancer tissues. This study consisted of 40 patients with breast cancer,
including DCIS (n=5), stage I (n=15), stage II (n=15) and stage III patients
(n=5). The pair samples of plasma and tissue were collected from the same
patients. DCIS, ductal carcinoma in sifu; miR, microRNA.

Recently, some researchers have reported on the potential
of diagnostic biomarkers of circulating plasma/serum miRNA
in breast cancer patients using various kinds of miRNA (8,24).
In particular, exosome of plasma/serum is attractive because
the miRNAs are preserved in a stable form in the exosome.
However, until now, there are few reports that have compared
IDC and DCIS with miRNA microarrays using exosome
samples. First, we compared the profile of miRNA in
DCIS patients, IDC patients and healthy controls, using the
miRNA microarray. In our study, exosomal miR-223-3p in
IDC patients revealed the highest fold-change compared
with the DCIS patients and healthy controls. Therefore we
selected miR-223-3p as on invasion specific biomarker for
breast cancer patients.

Next, we examined the potential of miR-223-3p against
proliferation and invasion of breast cancer cells. Our results
demonstrated that breast cancer MCF7 cells transfected

e e

—
=
1

-
[
#*
* *
* *
*
*

miR-223-3p normalized to miR-16
= (=] = [ -]

-
[—]
*

I

Healthy Stage0 Stagel Stage Il Stage Il
control  (n35)  (n=94) (n=52) (n=8)

(n=20)
(*P<0.05, ** P<0.01)

Figure 5. Comparison of exosomal miR-223-3p levels in healthy control and
patients with breast cancer at each tumor stage. Exosomal miR-223-3p levels of
healthy controls (n=20) and patients with breast cancer at stage 0 (n=25), stage I
(n=94), stage II (n=52) and stage III (n=8) were measured by reverse transcrip-
tion-quantitative polymerase chain reaction. ‘P<0.05, “P<0.01. miR, microRNA.

with miR-223-3p significantly increased proliferation and
invasion. As for the function of miR-223, Huang et al have
revealed that miR-223 increase proliferation and promote
invasion of lung cancer A549 cells via activation of the
NF-«B signaling pathway (25). Also of interest is a reported
by Li et al that miR-223 is overexpressed in metastatic gastric
cancer cells and promotes gastric cancer invasion and metas-
tasis (26). These manuscripts support our results. In contrast,
Pinatel et al reported that a suppressive role of miR-223 in
the migration of breast cancer (27). The exact reasons for
the discrepancy in these results remain unknown and wait
further study. Since this manuscript does not separately
describe miR-223, miR-223-3p and miR-223-5p, further
analysis in which patients are divided into miR-223-3p and
miR-223-5p may be necessary.

The clinical characteristics of exosomal miR-223-3p in
breast cancer patients have not been fully reported. In this
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Table III. Association between clinicopathological factors and exosomal miR-223-3p levels.
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Variable No. of patients n=179 High n=84 (%) Low n=95 (%) P-value

Histological type <0.001
DCIS 25 3(3.6) 22(23.2)
IDC 154 81 (96.4) 73 (76.8)

pT Stage <0.001
0 27 5(6.0) 22 (23.2)
1 119 56 (66.6) 63 (66.3)
2 33 23 (274) 10 (10.5)

pN Stage 0.020
0 140 58 (69.1) 82 (86.3)
1 31 21(25.0) 10 (10.5)
2 8 509 332

Pathological stage <0.001
0 25 33.6) 22 (23.2)
I 94 41 (48.8) 53 (55.8)
I 52 34 (40.5) 18 (18.9)
I 8 6(7.1) 2(2.1)

Lymphatic invasion 0.048
) 107 44 (524) 63 (66.3)
(+) 72 40 (47.6) 32 (33.7)

Vascular invasion 0.559
) 119 54 (64.3) 65 (68.4)
(+) 60 30 (35.7) 30 (31.6)

NG 0.020
1 122 61 (72.6) 61 (64.2)
2 24 5(6.0) 19 (20.0)
3 33 18 (21.4) 15 (15.8)

ER 0.510
) 20 8(9.5) 12 (12.6)
+) 159 76 (90.5) 83 (874)

PgR 0.736
) 49 24 (28.6) 25 (26.3)
(+) 130 60 (71.4) 70 (73.7)

HER?2* 0.072
©) 143 76 (974) 67 (90.5)
(+) 9 2 (2.6) 79.5)

Ki67 0.800
=15% 39 19 (22.6) 20 (21.1)
<15% 140 65 (774) 75 (78.9)

Intrinsic subtype 0.228
Luminal A 108 61(78.2) 47 (63.5)
Luminal B 28 11 (14.1) 17 (23.0)
HER?2 enriched® 4 1(1.3) 3(4.0)
Triple negative 12 5(64) 7(9.5)

*HER?2 determinations of 27 patients were not performed. The median level of miR-223-3p was used as the cut-off value for high and low
expression. Bold print indicates P<0.05. DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; NG, nuclear grade; ER, estrogen
receptor; PgR, progesterone receptor.

study, we clarified that exosomal miR-223-3p levels of breast
cancer were significantly higher than those found in healthy

controls. In addition, we found a significant association between
exosomal miR-223-3p levels and miR-223-3p expression in
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Figure 6. Comparison of exosomal miR-223-3p levels between DCIS patients,
upstage IDC patients and IDC patients. Exosomal miR-223-3p levels of DCIS
patients (Stage 0), upstaged IDC patients (Stage I) and IDC patients (Stage I)
were measured by reverse transcription-quantitative polymerase chain reac-
tion. DCIS patients who were initially diagnosed by a needle biopsy prior
to surgery were re-diagnosed following the operation using the completely
excised specimen. Patients upstaged to IDC from DCIS on the final patholog-
ical report were described as upstage IDC patients. DCIS, ductal carcinoma
in situ; IDC, invasive ductal carcinoma; miR, microRNA.
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Figure 7. Correlation between miR-223-3p and EPB41L3 mRNA levels
in breast cancer tissues. This study consisted of 40 breast cancer patients,
including DCIS patients (n=5) and stage I patients (n=15), stage II patients
(n=15) and stage III patients (n=5). DCIS, ductal carcinoma in situ; miR,
microRNA.

primary breast cancer tissues collected from the same patients.
These results suggest the possibility that tumor tissues may be
the source of plasma exosomal miR-223-3p. Next, we investi-
gated the relationship between exosome miR-223-3p levels and
clinicopathological factors. We found that exosome miR-223-3p
has relevance to the histological type, pT stage, pN stage,
pathological stage, lymphatic invasion and NG. Furthermore,
as a special point to note, we have revealed that exosomal
miR-223-3p levels of IDC patients upstaged from DCIS by
final diagnosis were significantly higher than those of the DCIS
patients. To the best of our knowledge, this is the first study to
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show the potential of exosomal miR-223-3p in the detection of
invasive lesions in DCIS patients diagnosed by biopsy. These
results suggest the possibility that exosomal miR-223-3p may
be a useful, less invasive biomarkers for the selection of IDC
patients hidden among DCIS patients diagnosed by biopsy.

It is known that miRNAs downregulate gene expression
by either inducing degradation of target mRNA or impairing
their translation. By the data base analysis using the target
gene prediction program TargetScan and PicTar, we selected
EPB41L3 as a candidate target gene for miR223-3p. We found
asignificant inverse correlation between the miR-223-3p levels
and the EPB41L3 mRNA levels. These results suggest that the
expression of EPB41L.3 mRNA may be negatively regulated
by miR-223-3p. Li et al also reported that EPB41L.3, which is
a tumor suppressor gene, is a direct target gene for miR-223,
and overexpression EPB41L3 can strongly inhibit migration
and invasion of gastric cancer cells (26). As another target
of miR-223, HAX-1 and STATS5A genes are reported (27,28).

One of the limitations of our study is the small number
of patients. Further research, conducted on a larger number
of cases is required in order to validate the usefulness of
miR-223-3p in the accurate detection of invasive lesions in
DCIS patients diagnosed by biopsy. Furthermore, on inhibition
test using the RNAi of miR-223-3p is also required in order to
clarify the function of miR-223-3p in breast cancer cells. We
are planning to investigate these points in our next study.

In summary, we have shown that miR-223-3p promotes the
invasion of breast cancer cells, and exosomal miR-223-3p may
be useful as a minimally invasive biomarker for the selection
of patients with invasion from DSIC patients diagnosed by
biopsy. We hope to be able to report on future developments in
subsequent larger scale studies.
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