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Abstract

Circulating microRNAs (miRNAs) have been detected in various types of cancer and have

been proposed as novel biomarkers for diagnosis and treatment. Until recently, however,

no studies had comprehensively examined circulating miRNAs in oral cancer. The current

study used an ultra-sensitive genome-wide miRNA array to investigate changes in circulat-

ing miRNAs in plasma from five patients with oral cancer and ten healthy individuals.

Results indicated that there were only a few circulating miRNAs, including miR-223, miR-

26a, miR-126, and miR-21, that were up-regulated in patients with oral cancer. A subse-

quent validation test indicated that circulating miR-223 levels were significantly higher (~2-

fold, P< 0.05) in patients with oral cancer (n = 31) than in those without cancer (n = 31).

Moreover, miR-223 was found to be up-regulated in tumor-adjacent normal tissue com-

pared to tumor tissue from patients with oral cancer. A gain-of-function assay was per-

formed to explore the potential roles of circulating miR-223 in the development of oral

cancer. Results revealed that miR-223 functions as a tumor suppressor by inhibiting cell

proliferation and inducing apoptosis. In conclusion, this study suggested that circulating

miR-223 may serve as a potential biomarker for diagnosis and that it may represent a novel

therapeutic target for treatment of oral cancer.

Introduction

Oral cancer, although uncommon, is increasingly more common in Japan due to aging of the

population [1, 2]. The overall five-year survival rate (~55%) has not significantly changed yet

because more than half of the cases of oral cancer are diagnosed as late-stage malignancy [3].

Although treatment options include surgery, radiotherapy, and chemotherapy, surgical
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removal of later stage cancer may require reconstruction of portions of the oral cavity or facial

features and radiotherapy often causes serious adverse reactions [4]. Therefore, the pressing

task is to gain a deeper understanding of molecular events involved in oral cancer and to search

for new diagnostic biomarkers and therapeutic targets [5, 6].

MicroRNAs (miRNAs) are single-stranded small non-coding RNAs (ncRNAs) consisting of

19–24 nucleotides that negatively regulate the expression of their target mRNAs. Since miR-

NAs were first discovered in the nematode C. elegans in 1993 [7], more than 2,500 human miR-

NAs have been reported to date [8]. Numerous studies have indicated that miRNAs are

involved in important biological processes such as cell proliferation, differentiation, and apo-

ptosis, and that they are related to various diseases including cancer [9]. Evidence that miRNA

expression differs between normal and cancer tissue and that this expression varies across dif-

ferent cancer types has opened up new avenues in cancer research [10]. In particular, a number

of extracellular miRNAs were found to circulate in blood in a considerably stable form and

their circulating profiles were found to be strongly associated with the progression of and prog-

nosis for several types of cancer [11, 12], shedding light on miRNA-based cancer diagnostics

and therapeutics. Elevated plasma levels of several miRNAs, including miR-184 [13], miR-24

[14], miR-31 [15], miR-10b [16], and miR-181 [17], have been reported in patients with oral

cancer, and their potential clinical significance has been noted. Nevertheless, little is known

about the circulating miRNA profiles in patients with oral cancer due in large part to the dearth

of miRNAs in blood and the low efficacy of screening tests [18]. In addition, although extracel-

lular circulating miRNAs have emerged as promising noninvasive biomarkers for oral cancer

diagnosis, their origin and biological relevance still remain largely unclear [19].

The present study used a sensitivity high-throughput miRNA array to investigate and com-

pare the plasma miRNA profiles of patients with oral cancer and healthy individuals. To the

extent known, this is one of the first studies to measure genome-wide circulating miRNAs in

oral cancer. A subsequent validation test revealed that miR-223 was up-regulated in plasma as

well as in tumor-adjacent normal tissues from patients with oral cancer. Furthermore, an in

vitro functional assay showed that miR-223 acts as tumor suppressor, suggesting that circulat-

ing miR-223 not only has the potential to serve as a biomarker but also plays a rather beneficial

role in the pathology of oral cancer.

Materials and Methods

Clinical samples

Thirty-one patients with gingival squamous cell carcinoma (GSCC) (S1 Table) and 31 age- and

sex-matched healthy controls were recruited from Yamagata University Hospital, Yamagata

Prefectural Central Hospital, and Shonai Amarume Hospital (Yamagata, Japan) between Feb-

ruary 2012 and April 2014. Blood plasma samples were obtained from patients and controls

with their written informed consent under protocols approved by the Ethics Committee of the

Yamagata University Faculty of Medicine (ethical approval 22–114). Samples were stored at

-80°C until use. Twenty fresh sets of primary GSCC tumor tissues and adjacent normal tissues

obtained during surgery were immediately immersed in RNAlater (Qiagen, Valencia, CA) and

stored at -20°C until RNA was extracted. Cancer was diagnosed and classified according to the

2002 Union for International Cancer Control TNM staging criteria [20].

Cell lines

The human oral squamous cell carcinoma (OSCC) cell lines SAS (#RCB1974), HSC-3

(#RCB1975), HSC-4 (#RCB1902), and Ca9-22 (#RCB1976) were purchased from RIKEN BRC

Cell Bank (Tsukuba, Japan; 2013), where the cell lines were authenticated by STR profiling
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before distribution. Cells were cultured in Minimum Essential Medium (MEM, Invitrogen/

GIBCO, Carlsbad, CA) supplemented with 10% fetal bovine serum (Nichirei Bio., Tokyo,

Japan) in a humidified atmosphere containing 5% CO2 at 37°C according to supplier’s instruc-

tions. Cells were used within 6 months of resuscitation.

RNA extraction

Total RNA used to determine the circulating miRNA profile was extracted from 1000 μl of

pooled plasma from 5 patients with GSCC (200 μl/case) and 1000 μl of pooled plasma from 10

healthy controls (100 μl/individual). RNA was extracted using the 3D-Gene RNA extraction

Kit (Toray, Kamakura, Japan) in accordance with the manufacturer’s instructions.

RNA used for quantitative real-time RT-PCR was isolated from 100 μl of a plasma sample

or 10 μg of a tissue sample or 2 × 106 cultured cells. RNA was isolated with the QIAGEN miR-

Neasy Kit in accordance with the manufacturer’s protocols.

Determination of the circulating miRNA profile

Extracted total RNA was labeled with Hy5 using the miRCURY LNA Array miR labeling kit

(Exiqon, Vedbaek, Denmark). Labeled RNAs were hybridized onto 3D-Gene Human miRNA

Oligo chips (Toray, Kamakura, Japan). Annotation and oligonucleotide sequences of the

probes conformed to the miRBase database (http://microrna.sanger.ac.uk/sequences/). After

stringent washing, fluorescent signals were scanned with the 3D-Gene Scanner (Toray) and

analyzed using 3D-Gene Extraction software (Toray). The microarray data is available on

NCBI’s GEO database (Accession number: GSE81828).

The raw data for each spot were normalized to the mean intensity of background signals

determined by all blank signal intensities at a 95% confidence interval. Measurements of spots

with signal intensities greater than 2 standard deviations (SD) of the background signal inten-

sity were considered to be valid. Relative levels of expression of a given miRNA were calculated

by comparing the signal intensities of the valid spots throughout the microarray experiments.

Normalized data were globally normalized on each array, such that the median of the signal

intensity was adjusted to 25.

Quantitative real-time RT-PCR

First-strand cDNA was synthesized from 5 μl of total RNA (plasma) or 10 ng of total RNA (tis-

sue/cells) using the High-capacity cDNA Reverse Transcription Kit (Applied Biosystems Carls-

bad, CA). Quantitative real-time PCR was carried out in the 7500 Fast Real-Time PCR System

(Applied Biosystems). The initial PCR step consisted of a 10 min hold at 95°C, followed by 40

cycles of denaturation at 95°C for 15 sec and annealing/extension at 60°C for 1 min. Levels of

expression of miRNAs, e.g. miR-223 (002295; Ambion, Applied Biosystems), were normalized

to let7a (MC12169; Ambion) or RNU6B (001093; Ambion). The ΔΔCt method was used to cal-

culate the relative quantity of the target miRNA [21]. All reactions were performed in triplicate

and included negative control reactions that lacked cDNA.

Pre-miRNA transfection

Unless otherwise stated, a total of 10 nM of Pre-miR hsa-miR-223 precursor (Pre-miR-223,

001093; Ambion) or Pre-miR negative control miRNA (Pre-miR-NC, AM17111; Ambion) was

transfected with Lipofectamine RNAiMax reagent (Invitrogen, Carlsbad, CA) into 1 × 105/ml

of Ca9-22 cells in accordance with the manufacturer’s instructions. Cells were harvested and
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subjected to phenotypic and functional analysis 48 h after transfection. The amount of miR-

223 in Ca9-22 cells was monitored with TaqMan real-time RT-PCR.

Cell proliferation and viability assays

In order to measure cell proliferation and viability, Ca9-22 cells were seeded into 24-well plates

(1.0 × 105 cells/well) and transfected with either Pre-miR-223 or Pre-miR-NC at the specified

concentrations. Cell samples were harvested at 24, 48, 72, 96, 120, and 144 h after transfection.

The number of cells was determined by manual hemocytometer counting, and viability was

assessed using the trypan blue exclusion method. Alternatively, cells seeded in 96-well plates

(1.0 × 104 cells/well) and transfected with the corresponding Pre-miRs. WST-1 colorimetric

assay (Roche, Indianapolis, IN) were used for simultaneous measurement of cell proliferation

and viability at various time points or with various quantities of Pre-miRNAs. Briefly, 10 μl of

ready-to-use WST-1 solution was added directly to the cell culture in a 96-well plate. After

incubation for 2 h, absorbance at 450 nm was measured using a microplate autoreader

(BioRad, Hercules, CA) with a reference wavelength of 690 nm.

Cell migration assay

After incubation at 37°C for 48 h, Ca9-22 cells transfected with either Pre-miR-223 or Pre-

miR-NC were used in a migration assay. In brief, 1.0 × 105 cells were plated in the upper cham-

ber with a non-coated membrane (24-well insert; pore size 8 mm; BD Biosciences, Bedford,

MA). MEM without FBS was placed in the upper chamber while MEM supplemented with

10% FBS was placed in the lower chamber. After incubation at 37°C for 18 h, non-migrating

cells in the upper membrane surface were removed by careful wiping with a cotton swab. Cells

that had passed through the membrane were stained using a Diff-Quik kit (Dade Behring, DE)

and counted manually under a microscope. Triplicate wells were measured for cell migration

in each treatment group.

Measurement of apoptosis

After incubation at 37°C for 48 h, Ca9-22 cells transfected with either Pre-miR-223 or Pre-

miR-NC were collected into microtubes with phosphate buffered saline (PBS, pH 7.4) contain-

ing 0.2% trypsin 250 (Difco, Detroit, MI) and 5-ethylenediaminetetraacetic acid (EDTA). After

cells were washing with PBS, apoptotic cells were stained using the MEBCYTO Apoptosis Kit

(MBL, Nagoya, Japan) in accordance with the manufacturer’s instructions, and measured

using FACSCanto II (BD Biosciences, San Jose, CA).

Western blotting

Ca9-22 cells were harvested for immunoblotting analysis 48 h after transfection of Pre-miR-

223 or Pre-miR-NC. Cells were washed twice with PBS and then lysed in PBS containing 1%

Triton X-100 and 1 × protease inhibitor. Equivalent amounts of cell lysates were separated by

SDS polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred to PVDF mem-

branes. Immunoblotting was performed with STMN1 antibody (1:1000; #3352, Cell Signaling

Technology, Tokyo, Japan) or IGF1R antibody (1:1000; #9750, Cell Signaling), and GAPDH

(#3683, Cell Signaling) was used as an internal control. Membranes were washed and incubated

with goat anti-rabbit IgG (H+L)-HRP conjugate (Bio-Rad, Hercules, CA). Specific complexes

were visualized with ECL Plus™ (GE Healthcare Japan Co., Tokyo).
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Statistical analysis

Levels of miRNA expression in plasma or tissue were compared using a Student’s t test, analysis

of variance (ANOVA), a non-parametric Mann-Whitney U-test, or a χ2-test. Receiver operat-

ing characteristics (ROC) curves were constructed to evaluate the diagnostic value of plasma

miR-223 as a marker of oral cancer. A P value of less than 0.05 was considered to be statistically

significant. Data are presented as the mean ± SD unless stated otherwise. All statistical analyses

were performed using SPSS Statistics, Version 19.0 (IBM Corp., Armonk, NY).

Results

Circulating miRNA profile in patients with GSCC

Circulating levels of a total of 1,211 genome-wide miRNAs were measured with a microarray

assay using pooled plasma samples from 5 patients with GSCC and pooled normal plasma

samples from 10 age- and sex-matched healthy controls. The circulating miRNA profile for

patients with oral cancer was compared with that for controls. Among the 854 detectable miR-

NAs, most varied little between patients with oral cancer and controls whereas 16 miRNAs

were considerably up-regulated (> a 2-fold change) and 4 miRNAs were considerably down-

regulated (> a 2-fold change) in patients with GSCC (Fig 1). As shown in Table 1, 4 of the 16

miRNAs that were highly expressed in patients with GSCC (miR-26a, miR-126, miR-223, and

miR-21) were present in relatively large amounts in plasma from both cancer patients and

Fig 1. PlasmamiRNA profile in patients with GSCC. The scatter plot compares the relative levels of expression of genome-wide miRNAs in plasma
from patients with GSCC and healthy controls. Each point represents an individual miRNA. The red line represents a fold change of 1, and the blue
lines indicate a 2-fold change in the level of miRNA expression in patients with GSCC (Top line: 2-fold down; Bottom line: 2-fold up).

doi:10.1371/journal.pone.0159693.g001
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controls. Given that miR-223 resulted in the most abundant circulating miRNA and that dysre-

gulation of miR-223 has been noted in cancers originating from the lung, and colon [22, 23],

miR-223 was chosen for study in further detail.

A higher level of circulating miR-223 in patients with GSCC

To validate findings related to circulating miR-223, a RT-qPCR assay was used to detect the

level of miR-223 in plasma from 31 patients with GSCC and 31 age- and sex-matched healthy

controls. Consistent with the results regarding the circulating miRNA profile, the level of miR-

223 in plasma was significantly higher (> 2-fold, P< 0.05) in patients with GSCC than in con-

trols (Fig 2A), suggesting that miR-223 may contribute to the development of oral cancer and

that its circulating form may serve as a novel biomarker. However, the level of miR-223 in

plasma was not found to be associated with tumor grade, tumor size, or the metastatic status of

lymph nodes (data not shown). To evaluate the diagnostic value of plasma miR-223 in oral

cancer, ROC curve analysis was performed (Fig 2B). The area under the curve (AUC) for

plasma miR-223 was 0.703 (95% Cl: 0.573–0.834). At a cutoff value of 40.67, miR-223 had a

sensitivity of 67.7% and a specificity of 61.3%.

Up-regulation of miR-223 in adjacent noncancerous tissues rather than
cancer tissues

To explore the potential sources of circulating miR-223 in patients with GSCC, the levels of

miR-223 expression were first examined in a panel of human OSCC cell lines as well as in spec-

imens of human normal oral mucosa. Surprisingly, miR-223 was expressed at vastly lower lev-

els in all 4 oral cancer cell lines examined than in normal oral tissues (Fig 3A). When miR-223

was further examined in sets of GSCC and adjacent non-cancerous tissues from 6 patients with

high levels of circulating miR-223, miR-223 was found to be down-regulated in 4 of the 6

tumor samples (66.67%; Fig 3B). In other words, up-regulation of miR-223 frequently occurred

in adjacent normal tissues rather than in cancer tissues, implying that circulating miR-223 is

Table 1. Up-regulated miRNAs obtained by comparing patients with GSCC and controls.

miRNAs Signal intensity Fold change

Patients with GSCC Controls Patients with GSCC/Controls

miR-26b 51.3 16.7 3.07

miR-143 28.7 10.6 2.71

miR-199a-3p 91.7 37.1 2.47

miR-132-5p 19.1 7.9 2.42

miR-140-5p 24.2 10.3 2.36

miR-26a 389.9 171.4 2.27

miR-372 23.5 10.4 2.27

miR-126 308.4 138.9 2.22

miR-3927 16.4 7.7 2.14

miR-223 1208.8 572.6 2.11

miR-21 260.1 125 2.08

miR-644 19.5 9.4 2.07

miR-200c 20.1 9.7 2.07

miR-129-3p 17.4 8.5 2.05

miR-27a 54.8 27.1 2.03

miR-1263 17.4 8.7 2.01

doi:10.1371/journal.pone.0159693.t001
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probably released by noncancerous oral tissues and that miR-223 may have an important role

in the development of oral cancer.

The tumor-suppressing role of miR-223 on human GSCC cells

To understand the effects of miR-223 on cell proliferation, apoptosis, and cell migration, a

gain-of-function study was performed by transfecting miR-223 precursor into human GSCC

Ca9-22 cells that exhibit low levels of endogenous miR-223 expression. As shown in Fig 4A

and 4B, transfection with Pre-miR-223 significantly inhibited cell growth and decreased cell

viability. A WST-1 assay 3 days after transfection further confirmed a reduction in cell prolifer-

ation and viability in cells transfected with Pre-miR-223 as compared to controls (3.0 ± 0.55 vs.

5.1 ± 1.1, P< 0.05) although marked morphological changes were not observed. To ascertain

whether the reduced viability of cells transfected with Pre-miR-223 was due to apoptosis,

annexin V staining was performed (Fig 4C). Sixty hours after transfection, miR-223-trans-

fected cells showed a 2-fold increase in annexin V staining as compared to control cells

(P< 0.05), indicating that miR-223 induced early apoptosis. A cell migration assay, however,

revealed that the number of cells passing through the membrane did not differ significantly

between Ca9-22 cells transfected with Pre-miR-223 and those transfected with Pre-miR-NC at

24 h or 48 h (S1 Fig). Taken together, these results suggest that miR-223 inhibits the develop-

ment of oral cancer.

Target genes of miR-223 in GSCC

The computational prediction algorithm miRWalk (http://zmf.umm.uni-heidelberg.de/apps/

zmf/mirwalk2/) indicated that there were 90 potential target genes of miR-223 (S2 Table).

Fig 2. Validation and evaluation of plasmamiR-223 as a biomarker of oral cancer. (A) The relative level of miR-223 expression in plasma
from patients with GSCC and controls: let7a was used for normalization; *, P < 0.05. (B) Receiver operating characteristics (ROC) curve analysis
using plasmamiR-223 to differentiate oral cancer.

doi:10.1371/journal.pone.0159693.g002
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When further functional annotation analysis was performed using the Database for Annota-

tion, Visualization, and Integrated Discovery (DAVID) (https://david.ncifcrf.gov/home.jsp),

nearly one-third of the predicted candidate genes were categorized as the apoptosis group. Two

Fig 3. Relative levels of miR-223 expression in OSCC cell lines and tissues. (A)OSCC cell lines: Relative levels of
miR-223 expression were evaluated using the equation–log10 1/2

-⊿⊿Ct in which ΔΔCt = ΔCtcell line
―

ΔCtnormal.tissue. The
ΔCt value of miR-223 in each sample was calculated by normalization with endogenous control RNU6B (ΔCt = CtmiRNA-
CtU6RNA). (B)OSCC tissues: The upper panel shows the relative levels of miR-223 expression that were evaluated
using the equation 2―ΔΔCt when 2―ΔΔCt�1 or -1/2⊿⊿Ct when 2―ΔΔCt < 1 in which ΔΔCt = ΔCtOSCC tissue

―

ΔCtnormal tissue, and
ΔCt = CtmiRNA- CtU6RNA. The lower panel shows the characteristics of patients from whom cancerous and adjacent non-
cancerous tissues were tested. TNM: tumor node metastasis staging system.

doi:10.1371/journal.pone.0159693.g003
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Fig 4. Effects of miR-223 on cell proliferation, viability, and apoptosis. (A)Growth curves of Ca9-22 cells transfected with Pre-miR-223 or
Pre-miR-NC. (B) Viability of Ca9-22 cells transfected with Pre-miR-223 or Pre-miR-NC. Data are presented as the mean ± standard deviation
(SD). (C) Augmentation of apoptosis in Ca9-22 cells transfected with Pre-miR-223. (i) Representative data from flow cytometry analysis. Ca9-22
cells were transfected with Pre-miR-223 or Pre-miR-NC. After incubation for 60 h, cells were analyzed with flow cytometry. (ii) Dose-response
effect of miR-223 on apoptosis. Ca9-22 cells were treated with 5, 10, or 20 nM of Pre-miR-223 or Pre-miR-NC for 60 h, and the percentage of
apoptotic cells (Annexin V %) was then measured. ‘None’ indicates the cells were not treated with any miRNAs. Data are presented as the
mean ± standard error (n = 4). Each group was compared to ‘None’ (1-way ANOVA with post-hoc Dunnet’s test); *, P� 0.05, and **, P� 0.01.

doi:10.1371/journal.pone.0159693.g004
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of these potential target genes, stathmin (STMN1) and the insulin-like growth factor 1 receptor

(IGF1R), attracted attention because both have been reported to be the target genes of miR-223

in hepatocellular carcinoma [24] and cervical cancer [25]. Western blot analysis revealed a

clear reduction in levels of STMN1 and IGF1R expression in Ca9-22 cells transfected with Pre-

miR-223 in comparison to controls (Fig 5), suggesting that both are the targets of miR-223 in

GSCC.

Discussion

Since the discovery of the involvement of miRNAs in cancer development, remarkable progress

has been made in understanding the biological role and clinical relevance of miRNAs in cancer

[10]. Accumulated evidence has shown that circulating miRNAs can potentially be used to

detect a wide range of different types of cancer and to provide therapeutic interventions [11,

26]. However, identifying a circulating miRNA with clinical value is still a time-consuming and

challenging task [27, 28]. In the area of oral cancer, most if not all studies of circulating

miRNA have focused primarily on intracellular miRNA dysregulation in surgically resected

cancer tissues or cell lines, and those aberrantly expressed miRNAs were then used to screen

for appropriate biomarkers in serum or plasma from patients [13, 15, 16, 29]. Because circulat-

ing miRNAs exist at very low concentrations in blood and do not always reflect their levels of

expression in cancer tissue, only a few circulating miRNAs have been cited as potential bio-

markers in oral cancer thus far [18, 30]. Recently, technological advances in high-throughput

screening improved the sensitivity and accuracy with which circulating miRNAs are identified

[31, 32]. The current study used a high-sensitivity and high-throughput array to determine the

circulating miRNA profile for patients with GSCC. Results identified miR-223 as an up-regu-

lated circulating miRNA with tumor-inhibiting action.

Profile analysis of 1,211 human miRNAs in plasma revealed that 20 miRNAs were signifi-

cantly dysregulated (~2-fold) in patients with GSCC as compared to healthy individuals. Six-

teen of these miRNAs were up-regulated and 4 were down-regulated. These numbers and

patterns of circulating miRNA are similar to those reported by Ries et al., who investigated the

Fig 5. Immunoblotting of STMN1 and IGF1R in Ca9-22 cells transfected with Pre-miR-223 and Pre-
miR-NC. Shown is a representative result from three independent experiments with Western blotting.
GAPDHwas used as a control.

doi:10.1371/journal.pone.0159693.g005
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global miRNA expression in whole blood samples from patients with OSCC in Europe [18].

Nevertheless, the 3 most prominently deregulated miRNAs that Ries et al. discovered, miR-

186, miR-3651, and miR-494, were not among the 20 miRNAs identified in the current study.

This disparity in results may be explained by a difference in the specimens analyzed since a recent

study has found that blood cell miRNAs affect the analysis of circulating miRNAs [28]. Alterna-

tively, another explanation could be because the current sample consisted only of GSCC while

the study by Ries et al. included different types of oral cancer [18]. MacLellan et al. also examined

the expression profiles of circulating miRNAs in the serum of patients with high-risk oral lesions

(HRLs, oral cancer or carcinoma in situ) in North America [33]. Their study, however, showed

an expression profile distinct from those revealed by Ries et al. [18] and us, One miRNA, miR-

223, that was considerably downregulated in serum from their patients with HRLs [33], has been

shown to be the most significantly upregulated miRNA in our profile analysis. These inconsistent

results probably reflect the diverse sources (e.g., serum, plasma, whole blood sample) and sorts of

analysis methods used in different studies (e.g., platforms, normalization methods), suggesting

the need for further validation of the reported findings.

Because of its abundance and fold change, miR-223 was selected as a potential candidate in

order to validate the current results of the high throughput array and identify a reliable and

clinically useful biomarker for detection of oral cancer. As several studies have indicated that

blood cells and hemoglobin can considerably influence levels of circulating miRNAs in plasma

[28, 34], close attention has been paid to sample preparation, i.e. separating plasma within 4 h

of blood collection and carefully avoiding hemolysis and platelet contamination. The current

validation tests revealed that circulating miR-223 levels were significantly higher (~2-fold, P

<0.05) in 31 patients with GSCC as compared to those in health individuals, confirming the

results of the miRNA profile analysis. One might argue the data normalization used played a

role. There is no standard endogenous control for real-time quantification of miRNA in

plasma, let-7a was selected for data normalization because many studies of circulating miRNAs

have suggested that let-7a is an optimal endogenous control [35, 36]. In their quantifying of cir-

culating miRNA biomarkers in plasma via qRT-PCR, Tewari et al. added a non-human exoge-

nous miRNA (cel-miR-39; a synthetic C. elegansmiRNA) for data normalization [36].

Similarly, the current study added cel-miR-39 to paired plasma as a spiked-in control to verify

whether let-7a was suitable for use as an endogenous control for normalization. The results

derived from the two methods of normalization were highly similar (correlation coeffi-

cient = 0.74; data not shown). Therefore, there is no doubt that the level of circulating miR-223

is significantly upregulated in patients with GSCC.

When ROC curve analysis was used to evaluate the potential for circulating miR-223 to serve

as a diagnostic marker of GSCC, miR-223 resulted in an AUC value of 0.73. This performance is

very close to that of biomarkers that have recently been reported, e.g. plasma miR-196a [30] and

salivary IL-8 [37]. In addition, miR-223 was able to distinguish patients with GSCC from health

controls with a moderate level of sensitivity (67.7%) and specificity (61.3%). Those levels of sensi-

tivity and specificity are similar to the levels of many other novel biomarkers for cancer diagnosis

[6]. Moreover, those levels of sensitivity and specificity are far superior to the levels of sensitivity

and specificity of oral cancer biomarkers, such as SCC antigen [38], that are currently in clinical

use. These findings suggest that miR-223 may serve as a novel biomarker for diagnosing GSCC.

An interesting question for the future is whether miR-223 can be incorporated into a panel with

other circulating miRNA biomarkers such as miR-196a and miR-196b [30] to improve diagnos-

tic accuracy. In addition, further studies are needed to determine if circulating miR-223 has clini-

cal utility in terms of diagnosing oral cancer and determining its prognosis.

Although an increasing number of studies have investigated the potential clinical use of cir-

culating miRNAs in oral cancer [26, 29], relatively little attention has been paid to their cellular
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origins [19]. Circulating miRNAs are generally thought to be released by cancer tissues [19,

26], either as cell death byproducts or as cell secretory components, although some studies

have argued that circulating miRNAs might reflect a blood cell-based phenomenon rather than

a cancer-specific origin [34]. Since the current plasma samples were prepared with great care to

prevent cell component contamination, miR-223 was originally assumed to be released by can-

cer tissue. Nevertheless, quantitation of miR-223 expression in 4 oral cancer cell lines indicated

that miR-223 was expressed at extremely low levels in GSCC cells. Of particular interest is the

fact that the levels of miR-223 expression were significantly lower in cancer tissue than in sur-

rounding normal tissues obtained from 4 of 6 patients with GSCC. In other words, miR-223

expression was up-regulated in normal tissues surrounding cancer. These findings suggest that

normal rather than tumor tissue might contribute the high level of miR-223 in plasma from

patients with oral cancer. Several pieces of evidence also support this contention. First, recent

studies have indicated that some extracellular miRNAs may perform cell-cell communication

[39]. For example, Kosaka et al. reported that some secretory miRNAs in normal prostate PNT-2

cells inhibit the proliferation of prostate cancer cells in vitro [40]. Second, a functional analysis of

miR-223 using the oral cancer cell line Ca9-22 revealed that miR-223 acts as a tumor suppressor

by inhibiting cell proliferation and inducing apoptosis, further implying that a high level of miR-

223 in plasma from patients with GSCC is probably because normal tissue surrounding a tumor

secretes miR-223 as a biological defense mechanism to inhibit tumor growth. Immunohisto-

chemical analysis of miR-223 expression in tumors as well as in surrounding normal tissue

would be required to confirm this hypothesis regarding the origins of circulating miR-223.

To the extent known, this study is the first to show that miR-223 functions as a tumor sup-

pressor in GSCC, although a few previous studies have revealed that miR-223 can inhibit cell

proliferation and migration in cervical cancer and hepatocellular carcinoma [24, 25]. In addi-

tion, the current study identified STMN1 and IGF1R as the target genes of miR-223 in GSCC

cells. Based on these findings, miR-223 and its target genes may be potential molecular targets

for development of new treatments for GSCC. Indeed, development of molecular targeted ther-

apy based on specific miRNAs for several diseases including cancer is rapidly proceeding. For

instance, phase III clinical trials of a treatment for HCV using a miR-122 inhibitor have begun

[41]. In a preclinical study, treatment with miR-34 mimic inhibited prostate cancer stem cells

and prevented metastases [42]. Moreover, a phase II study with IGF1R as a molecularly tar-

geted drug to treat prostate cancer is being conducted [43]. Therefore, targeting miR-223 and/

or its related genes may lead to a novel therapeutic option for patients with oral cancer who are

unable to undergo surgery. To this end, the pressing task is to elucidate the role of miR-223 in

the development of oral cancer in vivo.

Conclusions

Microarray analysis and subsequent validation tests revealed that miR-223 is found in signifi-

cantly high levels in plasma from patients with GSCC. Functional analysis showed that miR-

223 acted as a tumor suppressor by inhibiting cell proliferation and inducing apoptosis. The

current data suggest that circulating miR-223 is a novel diagnostic biomarker and therapeutic

target for oral cancer.

Supporting Information

S1 Fig. Migration assay of Pre-miR-223- or Pre-miR-NC- transfected Ca9-22 cells. Repre-

sentative images are shown (Diff-Quik staining, ×10).

(PDF)

Circulating miR-223 in Oral Cancer

PLOS ONE | DOI:10.1371/journal.pone.0159693 July 21, 2016 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0159693.s001


S2 Fig. Full-size scans of western blot membranes shown in Fig 5.

(PDF)

S1 Table. Clinical characteristics of 31 patients with GSCC.

(XLSX)

S2 Table. Candidate target genes of miR-223.

(XLSX)

Acknowledgments

The authors wish to thank Seiji Hongo for helpful discussion. The authors also wish to thank

all of the patients who generously agreed to participate in this study.

Author Contributions

Conceived and designed the experiments: HT RS. Performed the experiments: HT RS YT XZ

YY. Analyzed the data: HT HN KO AF HA. Contributed reagents/materials/analysis tools: HT

YY SI MI. Wrote the paper: HT RS.

References
1. Katanoda K, Hori M, Matsuda T, Shibata A, Nishino Y, Hattori M, et al. An updated report on the trends

in cancer incidence and mortality in Japan, 1958–2013. Japanese journal of clinical oncology. 2015; 45
(4):390–401. Epub 2015/02/01. doi: 10.1093/jjco/hyv002 PMID: 25637502.

2. Matsuda A, Matsuda T, Shibata A, Katanoda K, Sobue T, Nishimoto H. Cancer incidence and incidence
rates in Japan in 2008: a study of 25 population-based cancer registries for the Monitoring of Cancer
Incidence in Japan (MCIJ) project. Japanese journal of clinical oncology. 2014; 44(4):388–96. Epub
2014/02/08. doi: 10.1093/jjco/hyu003 PMID: 24503029.

3. Tanaka T, Tanaka M, Tanaka T. Oral carcinogenesis and oral cancer chemoprevention: a review.
Pathology research international. 2011; 2011:431246. Epub 2011/06/11. doi: 10.4061/2011/431246
PMID: 21660266; PubMed Central PMCID: PMCPMC3108384.

4. Bose P, Brockton NT, Dort JC. Head and neck cancer: from anatomy to biology. International journal of
cancer Journal international du cancer. 2013; 133(9):2013–23. Epub 2013/02/19. doi: 10.1002/ijc.
28112 PMID: 23417723.

5. Denaro N, Russi EG, Adamo V, Merlano MC. State-of-the-art and emerging treatment options in the
management of head and neck cancer: news from 2013. Oncology. 2014; 86(4):212–29. Epub 2014/
05/14. doi: 10.1159/000357712 PMID: 24820548.

6. Kang H, Kiess A, Chung CH. Emerging biomarkers in head and neck cancer in the era of genomics.
Nature reviews Clinical oncology. 2015; 12(1):11–26. Epub 2014/11/19. doi: 10.1038/nrclinonc.2014.
192 PMID: 25403939.

7. Lee RC, FeinbaumRL, Ambros V. TheC. elegans heterochronic gene lin-4 encodes small RNAs with
antisense complementarity to lin-14. Cell. 1993; 75(5):843–54. Epub 1993/12/03. PMID: 8252621.

8. Hammond SM. An overview of microRNAs. Advanced drug delivery reviews. 2015; 87:3–14. Epub
2015/05/17. doi: 10.1016/j.addr.2015.05.001 PMID: 25979468; PubMed Central PMCID:
PMCPMC4504744.

9. Lin S, Gregory RI. MicroRNA biogenesis pathways in cancer. Nature reviews Cancer. 2015; 15(6):321–
33. Epub 2015/05/23. doi: 10.1038/nrc3932 PMID: 25998712.

10. Lujambio A, Lowe SW. The microcosmos of cancer. Nature. 2012; 482(7385):347–55. Epub 2012/02/
18. doi: 10.1038/nature10888 PMID: 22337054; PubMed Central PMCID: PMCPMC3509753.

11. Cortez MA, Bueso-Ramos C, Ferdin J, Lopez-Berestein G, Sood AK, Calin GA. MicroRNAs in body flu-
ids—the mix of hormones and biomarkers. Nature reviews Clinical oncology. 2011; 8(8):467–77. Epub
2011/06/08. doi: 10.1038/nrclinonc.2011.76 PMID: 21647195; PubMed Central PMCID: PMC3423224.

12. Schwarzenbach H, Hoon DS, Pantel K. Cell-free nucleic acids as biomarkers in cancer patients. Nature
reviews Cancer. 2011; 11(6):426–37. Epub 2011/05/13. doi: 10.1038/nrc3066 PMID: 21562580.

13. Wong TS, Liu XB, Wong BY, Ng RW, Yuen AP, Wei WI. Mature miR-184 as Potential Oncogenic micro-
RNA of Squamous Cell Carcinoma of Tongue. Clinical cancer research: an official journal of the

Circulating miR-223 in Oral Cancer

PLOS ONE | DOI:10.1371/journal.pone.0159693 July 21, 2016 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0159693.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0159693.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0159693.s004
http://dx.doi.org/10.1093/jjco/hyv002
http://www.ncbi.nlm.nih.gov/pubmed/25637502
http://dx.doi.org/10.1093/jjco/hyu003
http://www.ncbi.nlm.nih.gov/pubmed/24503029
http://dx.doi.org/10.4061/2011/431246
http://www.ncbi.nlm.nih.gov/pubmed/21660266
http://dx.doi.org/10.1002/ijc.28112
http://dx.doi.org/10.1002/ijc.28112
http://www.ncbi.nlm.nih.gov/pubmed/23417723
http://dx.doi.org/10.1159/000357712
http://www.ncbi.nlm.nih.gov/pubmed/24820548
http://dx.doi.org/10.1038/nrclinonc.2014.192
http://dx.doi.org/10.1038/nrclinonc.2014.192
http://www.ncbi.nlm.nih.gov/pubmed/25403939
http://www.ncbi.nlm.nih.gov/pubmed/8252621
http://dx.doi.org/10.1016/j.addr.2015.05.001
http://www.ncbi.nlm.nih.gov/pubmed/25979468
http://dx.doi.org/10.1038/nrc3932
http://www.ncbi.nlm.nih.gov/pubmed/25998712
http://dx.doi.org/10.1038/nature10888
http://www.ncbi.nlm.nih.gov/pubmed/22337054
http://dx.doi.org/10.1038/nrclinonc.2011.76
http://www.ncbi.nlm.nih.gov/pubmed/21647195
http://dx.doi.org/10.1038/nrc3066
http://www.ncbi.nlm.nih.gov/pubmed/21562580


American Association for Cancer Research. 2008; 14(9):2588–92. Epub 2008/05/03. doi: 10.1158/
1078-0432.CCR-07-0666 PMID: 18451220.

14. Lin SC, Liu CJ, Lin JA, ChiangWF, Hung PS, Chang KW. miR-24 up-regulation in oral carcinoma: posi-
tive association from clinical and in vitro analysis. Oral oncology. 2010; 46(3):204–8. Epub 2010/02/09.
doi: 10.1016/j.oraloncology.2009.12.005 PMID: 20138800.

15. Liu CJ, Kao SY, Tu HF, Tsai MM, Chang KW, Lin SC. Increase of microRNAmiR-31 level in plasma
could be a potential marker of oral cancer. Oral diseases. 2010; 16(4):360–4. Epub 2010/03/18. doi:
10.1111/j.1601-0825.2009.01646.x PMID: 20233326.

16. Lu YC, Chen YJ, Wang HM, Tsai CY, ChenWH, Huang YC, et al. Oncogenic function and early detec-
tion potential of miRNA-10b in oral cancer as identified by microRNA profiling. Cancer Prev Res (Phila).
2012; 5(4):665–74. Epub 2012/02/10. doi: 10.1158/1940-6207.CAPR-11-0358 PMID: 22318752.

17. Yang CC, Hung PS, Wang PW, Liu CJ, Chu TH, Cheng HW, et al. miR-181 as a putative biomarker for
lymph-nodemetastasis of oral squamous cell carcinoma. Journal of oral pathology & medicine: official
publication of the International Association of Oral Pathologists and the American Academy of Oral
Pathology. 2011; 40(5):397–404. Epub 2011/01/20. doi: 10.1111/j.1600-0714.2010.01003.x PMID:
21244495.

18. Ries J, Vairaktaris E, Agaimy A, Kintopp R, Baran C, Neukam FW, et al. miR-186, miR-3651 and miR-
494: potential biomarkers for oral squamous cell carcinoma extracted from whole blood. Oncology
reports. 2014; 31(3):1429–36. Epub 2014/01/24. doi: 10.3892/or.2014.2983 PMID: 24452363.

19. Turchinovich A, Weiz L, Burwinkel B. Extracellular miRNAs: the mystery of their origin and function.
Trends in biochemical sciences. 2012; 37(11):460–5. Epub 2012/09/05. doi: 10.1016/j.tibs.2012.08.
003 PMID: 22944280.

20. Wittekind C, Compton CC, Greene FL, Sobin LH. TNM residual tumor classification revisited. Cancer.
2002; 94(9):2511–6. Epub 2002/05/17. doi: 10.1002/cncr.10492 PMID: 12015777.

21. Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the comparative C(T) method. Nature proto-
cols. 2008; 3(6):1101–8. Epub 2008/06/13. PMID: 18546601.

22. Haneklaus M, Gerlic M, O'Neill LA, Masters SL. miR-223: infection, inflammation and cancer. J Intern
Med. 2013; 274(3):215–26. doi: 10.1111/joim.12099 PMID: 23772809.

23. Ogata-Kawata H, Izumiya M, Kurioka D, Honma Y, Yamada Y, Furuta K, et al. Circulating exosomal
microRNAs as biomarkers of colon cancer. PloS one. 2014; 9(4):e92921. Epub 2014/04/08. doi: 10.
1371/journal.pone.0092921 PMID: 24705249; PubMed Central PMCID: PMCPMC3976275.

24. Wong QW, Lung RW, Law PT, Lai PB, Chan KY, To KF, et al. MicroRNA-223 is commonly repressed in
hepatocellular carcinoma and potentiates expression of Stathmin1. Gastroenterology. 2008; 135
(1):257–69. Epub 2008/06/17. doi: 10.1053/j.gastro.2008.04.003 PMID: 18555017.

25. Jia CY, Li HH, Zhu XC, Dong YW, Fu D, Zhao QL, et al. MiR-223 suppresses cell proliferation by target-
ing IGF-1R. PloS one. 2011; 6(11):e27008. Epub 2011/11/11. doi: 10.1371/journal.pone.0027008
PMID: 22073238; PubMed Central PMCID: PMC3206888.

26. Schwarzenbach H, Nishida N, Calin GA, Pantel K. Clinical relevance of circulating cell-free microRNAs
in cancer. Nature reviews Clinical oncology. 2014; 11(3):145–56. Epub 2014/02/05. doi: 10.1038/
nrclinonc.2014.5 PMID: 24492836.

27. De Guire V, Robitaille R, Tetreault N, Guerin R, Menard C, Bambace N, et al. Circulating miRNAs as
sensitive and specific biomarkers for the diagnosis and monitoring of human diseases: promises and
challenges. Clinical biochemistry. 2013; 46(10–11):846–60. Epub 2013/04/09. doi: 10.1016/j.
clinbiochem.2013.03.015 PMID: 23562576.

28. Witwer KW. Circulating microRNA biomarker studies: pitfalls and potential solutions. Clinical chemistry.
2015; 61(1):56–63. Epub 2014/11/14. doi: 10.1373/clinchem.2014.221341 PMID: 25391989.

29. Chen D, Cabay RJ, Jin Y, Wang A, Lu Y, Shah-Khan M, et al. MicroRNA Deregulations in Head and
Neck Squamous Cell Carcinomas. Journal of oral & maxillofacial research. 2013; 4(1):e2. Epub 2014/
01/15. doi: 10.5037/jomr.2013.4102 PMID: 24422025; PubMed Central PMCID: PMCPMC3886106.

30. Lu YC, Chang JT, Huang YC, Huang CC, ChenWH, Lee LY, et al. Combined determination of circulat-
ing miR-196a and miR-196b levels produces high sensitivity and specificity for early detection of oral
cancer. Clinical biochemistry. 2015; 48(3):115–21. Epub 2014/12/09. doi: 10.1016/j.clinbiochem.2014.
11.020 PMID: 25485932.

31. Komatsu S, Ichikawa D, Hirajima S, Kawaguchi T, Miyamae M, OkajimaW, et al. PlasmamicroRNA
profiles: identification of miR-25 as a novel diagnostic and monitoring biomarker in oesophageal squa-
mous cell carcinoma. British journal of cancer. 2014; 111(8):1614–24. Epub 2014/08/15. doi: 10.1038/
bjc.2014.451 PMID: 25117812; PubMed Central PMCID: PMCPMC4200091.

32. Konishi H, Ichikawa D, Komatsu S, Shiozaki A, Tsujiura M, Takeshita H, et al. Detection of gastric can-
cer-associated microRNAs on microRNAmicroarray comparing pre- and post-operative plasma. British

Circulating miR-223 in Oral Cancer

PLOS ONE | DOI:10.1371/journal.pone.0159693 July 21, 2016 14 / 15

http://dx.doi.org/10.1158/1078-0432.CCR-07-0666
http://dx.doi.org/10.1158/1078-0432.CCR-07-0666
http://www.ncbi.nlm.nih.gov/pubmed/18451220
http://dx.doi.org/10.1016/j.oraloncology.2009.12.005
http://www.ncbi.nlm.nih.gov/pubmed/20138800
http://dx.doi.org/10.1111/j.1601-0825.2009.01646.x
http://www.ncbi.nlm.nih.gov/pubmed/20233326
http://dx.doi.org/10.1158/1940-6207.CAPR-11-0358
http://www.ncbi.nlm.nih.gov/pubmed/22318752
http://dx.doi.org/10.1111/j.1600-0714.2010.01003.x
http://www.ncbi.nlm.nih.gov/pubmed/21244495
http://dx.doi.org/10.3892/or.2014.2983
http://www.ncbi.nlm.nih.gov/pubmed/24452363
http://dx.doi.org/10.1016/j.tibs.2012.08.003
http://dx.doi.org/10.1016/j.tibs.2012.08.003
http://www.ncbi.nlm.nih.gov/pubmed/22944280
http://dx.doi.org/10.1002/cncr.10492
http://www.ncbi.nlm.nih.gov/pubmed/12015777
http://www.ncbi.nlm.nih.gov/pubmed/18546601
http://dx.doi.org/10.1111/joim.12099
http://www.ncbi.nlm.nih.gov/pubmed/23772809
http://dx.doi.org/10.1371/journal.pone.0092921
http://dx.doi.org/10.1371/journal.pone.0092921
http://www.ncbi.nlm.nih.gov/pubmed/24705249
http://dx.doi.org/10.1053/j.gastro.2008.04.003
http://www.ncbi.nlm.nih.gov/pubmed/18555017
http://dx.doi.org/10.1371/journal.pone.0027008
http://www.ncbi.nlm.nih.gov/pubmed/22073238
http://dx.doi.org/10.1038/nrclinonc.2014.5
http://dx.doi.org/10.1038/nrclinonc.2014.5
http://www.ncbi.nlm.nih.gov/pubmed/24492836
http://dx.doi.org/10.1016/j.clinbiochem.2013.03.015
http://dx.doi.org/10.1016/j.clinbiochem.2013.03.015
http://www.ncbi.nlm.nih.gov/pubmed/23562576
http://dx.doi.org/10.1373/clinchem.2014.221341
http://www.ncbi.nlm.nih.gov/pubmed/25391989
http://dx.doi.org/10.5037/jomr.2013.4102
http://www.ncbi.nlm.nih.gov/pubmed/24422025
http://dx.doi.org/10.1016/j.clinbiochem.2014.11.020
http://dx.doi.org/10.1016/j.clinbiochem.2014.11.020
http://www.ncbi.nlm.nih.gov/pubmed/25485932
http://dx.doi.org/10.1038/bjc.2014.451
http://dx.doi.org/10.1038/bjc.2014.451
http://www.ncbi.nlm.nih.gov/pubmed/25117812


journal of cancer. 2012; 106(4):740–7. Epub 2012/01/21. doi: 10.1038/bjc.2011.588 PMID: 22262318;
PubMed Central PMCID: PMCPMC3322946.

33. Maclellan SA, Lawson J, Baik J, Guillaud M, Poh CF, Garnis C. Differential expression of miRNAs in
the serum of patients with high-risk oral lesions. Cancer medicine. 2012; 1(2):268–74. Epub 2013/01/
24. doi: 10.1002/cam4.17 PMID: 23342275; PubMed Central PMCID: PMCPMC3544450.

34. Pritchard CC, Kroh E,Wood B, Arroyo JD, Dougherty KJ, Miyaji MM, et al. Blood cell origin of circulating
microRNAs: a cautionary note for cancer biomarker studies. Cancer Prev Res (Phila). 2012; 5(3):492–
7. Epub 2011/12/14. doi: 10.1158/1940-6207.capr-11-0370 PMID: 22158052; PubMed Central PMCID:
PMCPMC4186243.

35. de Planell-Saguer M, Rodicio MC. Detection methods for microRNAs in clinic practice. Clinical bio-
chemistry. 2013; 46(10–11):869–78. Epub 2013/03/19. doi: 10.1016/j.clinbiochem.2013.02.017 PMID:
23499588.

36. Kroh EM, Parkin RK, Mitchell PS, Tewari M. Analysis of circulating microRNA biomarkers in plasma
and serum using quantitative reverse transcription-PCR (qRT-PCR). Methods (San Diego, Calif). 2010;
50(4):298–301. Epub 2010/02/12. doi: 10.1016/j.ymeth.2010.01.032 PMID: 20146939; PubMed Cen-
tral PMCID: PMCPMC4186708.

37. Gleber-Netto FO, Yakob M, Li F, Feng Z, Dai J, Kao HK, et al. Salivary biomarkers for detection of oral
squamous cell carcinoma in a Taiwanese population. Clinical cancer research: an official journal of the
American Association for Cancer Research. 2016. Epub 2016/02/06. doi: 10.1158/1078-0432.ccr-15-
1761 PMID: 26847061.

38. Yen TC, Lin WY, Kao CH, Cheng KY, Wang SJ. A study of a new tumour marker, CYFRA 21–1, in
squamous cell carcinoma of the head and neck, and comparison with squamous cell carcinoma anti-
gen. Clinical otolaryngology and allied sciences. 1998; 23(1):82–6. Epub 1998/05/01. PMID: 9563673.

39. Kosaka N, Yoshioka Y, Hagiwara K, Tominaga N, Katsuda T, Ochiya T. Trash or Treasure: extracellular
microRNAs and cell-to-cell communication. Frontiers in genetics. 2013; 4:173. Epub 2013/09/21. doi:
10.3389/fgene.2013.00173 PMID: 24046777; PubMed Central PMCID: PMC3763217.

40. Kosaka N, Iguchi H, Yoshioka Y, Hagiwara K, Takeshita F, Ochiya T. Competitive interactions of cancer
cells and normal cells via secretory microRNAs. The Journal of biological chemistry. 2012; 287
(2):1397–405. Epub 2011/11/30. doi: 10.1074/jbc.M111.288662 PMID: 22123823; PubMed Central
PMCID: PMC3256909.

41. Janssen HL, Reesink HW, Lawitz EJ, Zeuzem S, Rodriguez-Torres M, Patel K, et al. Treatment of HCV
infection by targeting microRNA. The New England journal of medicine. 2013; 368(18):1685–94. Epub
2013/03/29. doi: 10.1056/NEJMoa1209026 PMID: 23534542.

42. Bouchie A. First microRNAmimic enters clinic. Nature biotechnology. 2013; 31(7):577. Epub 2013/07/
11. doi: 10.1038/nbt0713-577 PMID: 23839128.

43. Chi KN, Gleave ME, Fazli L, Goldenberg SL, So A, Kollmannsberger C, et al. A phase II pharmacody-
namic study of preoperative figitumumab in patients with localized prostate cancer. Clinical cancer
research: an official journal of the American Association for Cancer Research. 2012; 18(12):3407–13.
Epub 2012/05/04. doi: 10.1158/1078-0432.ccr-12-0482 PMID: 22553344.

Circulating miR-223 in Oral Cancer

PLOS ONE | DOI:10.1371/journal.pone.0159693 July 21, 2016 15 / 15

http://dx.doi.org/10.1038/bjc.2011.588
http://www.ncbi.nlm.nih.gov/pubmed/22262318
http://dx.doi.org/10.1002/cam4.17
http://www.ncbi.nlm.nih.gov/pubmed/23342275
http://dx.doi.org/10.1158/1940-6207.capr-11-0370
http://www.ncbi.nlm.nih.gov/pubmed/22158052
http://dx.doi.org/10.1016/j.clinbiochem.2013.02.017
http://www.ncbi.nlm.nih.gov/pubmed/23499588
http://dx.doi.org/10.1016/j.ymeth.2010.01.032
http://www.ncbi.nlm.nih.gov/pubmed/20146939
http://dx.doi.org/10.1158/1078-0432.ccr-15-1761
http://dx.doi.org/10.1158/1078-0432.ccr-15-1761
http://www.ncbi.nlm.nih.gov/pubmed/26847061
http://www.ncbi.nlm.nih.gov/pubmed/9563673
http://dx.doi.org/10.3389/fgene.2013.00173
http://www.ncbi.nlm.nih.gov/pubmed/24046777
http://dx.doi.org/10.1074/jbc.M111.288662
http://www.ncbi.nlm.nih.gov/pubmed/22123823
http://dx.doi.org/10.1056/NEJMoa1209026
http://www.ncbi.nlm.nih.gov/pubmed/23534542
http://dx.doi.org/10.1038/nbt0713-577
http://www.ncbi.nlm.nih.gov/pubmed/23839128
http://dx.doi.org/10.1158/1078-0432.ccr-12-0482
http://www.ncbi.nlm.nih.gov/pubmed/22553344

