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Breast cancer is the second most common cancesrirew with approximately 522,000 deaths annuallyidwade.
microRNAs have recently been studied as potent@hérkers that regulate gene expression and amvew in
tumorigenesis. Here we evaluated circulating miR-a@&l miR-222 as potential biomarkers for breastazeby quantitative
reverse transcription PCR using blood plasma ofi€d0thy controls and 30 breast cancer patientsTNM stage on
circulating miR-221 and miR-222 was also investigaCirculating miR-221 and miR-222 were signifibaop-regulated
in breast cancer patients compared to those ithiyezdntrols P < 0.0022 andP = 0.0058, respectively). Furthermore,
the relative expression level of circulating miRE22 patients with stage Ill breast cancer wasdiighan in those with
stage | and Il. Taken together, we have shown latiog miR-221 and miR-222 could be useful biomesker the
screening of breast cancer patients.
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Breast cancer is the most frequently occurringadisén ~ (MRI) have been hindered by the cost and experéseed.
females and the second leading cause of deathwiddd In addition, tumor serum markers such as carboktgdra
(Siegel et al., 2018). According to the World Healtrgan-  antigen 15-3 (CA15-3) and carcinoembryonic ant{@&hA)
ization (WHO), approximately 522,000 women die eachare nonspecific and have limited sensitivity anecsicity
year from breast cancer (Ferlay et al., 2015).@dumethods  (Duffy, 1999; Ng et al., 2014). Therefore, it ixassary to
used to diagnose breast cancer such as mammography, discover new non-invasive biomarkers for the diagnof
puted tomography (CT), and magnetic resonance ngagi breast cancer.
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microRNAs are small non-coding RNAs consisting of
18~25 nucleotides that play a role in regulating gexpes-

Table 1. Clinical characteristics of breast cancer patients

sion by binding the target messenger RNAs (MRNAS). Age

Numerous recent studies have reported that micraRNA
which are involved in tumorigenesis, are a potediggnosis,
prognosis and therapeutic biomarker in various @&anc
(Achkar et al, 2016). miR-221 and miR-222 are ledain
the X chromosome with the same base sequencerétessa
have shown that miR-221 and miR-222 are over-egptes
in breast cancer cells and function as oncomiRNEssdfalo
et al., 2012). Previous studies also show that 22R222
promotes breast cancer cell proliferation, migratand in-
vasion by targeting PTEN, a tumor suppressor geinet (
al., 2016). However, the clinical relevance of n2iRL/222
in plasma is still poorly investigated. In thisdstucirculating
miR-221 and miR-222 as potential biomarkers foraste
cancer were investigated using the blood plasn38 diealthy
controls and 30 breast cancer patients.

A total of 30 blood samples were obtained from &trea
cancer patients who had been diagnosed with breaser
at the Yonsei University Severance Hospital, Séepublic
of Korea from 2000 to 2015. For the healthy costraltotal
of 30 blood samples were obtained from healthy dowbo
had never been diagnosed with breast cancer. tRihggmand
healthy volunteers provided written consent andstidy
was approved by the institutional ethics commiite¥onsei
University Severance Hospital (approval no. 4-20011)
and Yonsei University at Wonju (approval no. 104384
201603-BR-010-04).

For separation of plasma, the whole blood sampéze w
centrifuged for 15 min at 60& g and stored at - 80 in
the deep freezer until use. For extraction of siR&lAs
from the plasma of the study population, the NuBjgd’
miRNA Plasma kit (Macherey-Nagel, Duren, Germangy w
used according to the manufacturer's protocol.

miRNA expression was quantified by using the TadtMan
small RNA assays (Applied Biosystems by Life Ted¢hno
ogies) with miRNA specific primers (miR-221 and r2R2)
to measure the cycle threshold;E the number of PCR
cycles in which fluorescence exceeds the backgriumes-
cence value. The samples were repeated twice artthth
were analyzed using the comparativ@r method (2°)

Variable Cases %
<5B0's 8 26.7
>50's 21 70.0
Unknown 1 3.3
TMN stage
| 10 333
Il 10 333
1] 10 333

with miR-16 as an endogenous control (Pfaffl et24102).

We assessed the relative expression level of atiogl
miR-221 and 222 in 30 healthy control and 30 breaster
patients. The characteristics of the patientsterers in Table
1. The age of the breast cancer patients ranged3fioto
76 years old (meart SD, 55.03t 11.31 years; 95 Cl,
50.73-59.34). Of 30 breast cancer patients, 10 (33.3%¢ we
in stage |, followed by 10 (33.3%) in stage I, 48d33.3%)
in stage lll. The expression levels of circulatm@dR-221
and miR-222 in breast cancer patients were signifig
higher than those in the healthy contréls<(0.0022 andP
= 0.0058, respectively) (Fig. 1). The mean expoedsivels
of circulating miR-221 and miR-222 were 0.2569 ¢@&n
0.0024 to 2.6240) and 0.0562 (range 0.0003 to 0)3B3
breast cancer patients and 0.0895 (range, 0.001.3184)
and 0.0230 (range 0.0027 to 0.0641) in healthyralsniThe
area under the ROC curve (AUC) of circulating miR-2
and miR-222 was 0.7267 (95% CI, 0.59883551,P =
0.0025) and 0.7056 (95% ClI, 0.56888428,P = 0.0062),
respectively.

Subsequently, the expression levels of circulatitig-
221 and miR-222 in different stages were analyZédre
was a statistically significant difference betwdlea miR-
221 expression level of stage Il and stage Ilithatiof the
healthy controlsK = 0.0279 for stage Il arfél= 0.0163 for
stage Ill) (Fig. 2A). For miR-222, there also wasgmificant
difference between stage Il and the healthy canil=
0.0084) (Fig. 2B).

Many recent studies have reported blood-based biersa
for diagnosing breast cancer, such as circulatingt cells
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Fig. 1. Circulating miR-221, and miR-222 expression lévgllasma of breasancer patients and healthy controls. The relatipeessio
of miR-221 (A), and miR-222 (B) in plasma of brezatcer patients and healthy controls was analyg&T-qPCR.
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Fig. 2. Circulating miR-221, and miR-222 expression laggording to TNM stage. The miR-221 (A) and 22 (B) expression lewt
were analyzed at different breast cancer stages.
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(CTCs), circulating tumor DNA (ctDNA), exosomesdan
microRNAs. Circulating miRNAs have many advantages

as biomarkers, such as stability during pH charfgesze-
thaw cycles, and extended storage (Mitchell e2abg; Yu
et al., 2011). In this study, circulating miR-22idaniR-222
were potential biomarkers showing 2.87-fold andZald
higher expression for breast cancer patients cadpsith
healthy controls, respectively.

In this study, some healthy controls were showrh hig

expression of miR-221 and miR-222 or some patieiits
stage Il were shown low expression of miR-221 wanild-
222. The reason for discrepancies of miR-221 aftt2a2
expression in healthy controls and breast candgienawas
that microRNAs regulate multi-genes rather thaingle
gene. For example, miR-221/222 was associatedonitb-
genic process regulating tumor suppressor gene Rl
al., 2016). Also, miR-221/222 was associated wriftam-
matory immune response regulating peroxisome eratr-
activated receptoy-coactivator-& (Song et al., 2017).

There are limitations to our study. First, a smafhber of
samples were included. Therefore, it is necessacpriduct
further research using a larger number of samlesbreast
cancer patients at various stages to demonsteatsility of
circulating miR-221 and miR-222 for breast canceean-
ing and diagnosis. Second, we only included bresster
patients with cancer stage I-lll. Further studyhvgtage IV
patients is needed to investigate the expressiciraflating
miR-221 and miR-222 with breast cancer stage I\ép&t

In conclusion, expression levels of miR-221 and-2#R
in plasma were significantly higher for breast eanmtients
than for healthy controls. Notably, miR-221 in pats with
stage Il breast cancer was higher than in thosestéage |
and Il. Taken together, circulating miR-221 and +2#2 can
serve as potential non-invasive biomarkers fordtreancer
screening and diagnosis.
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