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Abstract
Background: Ovarian carcinoma is a highly lethal gynecological malignancy due to its frequent
relapses and adoption of chemoresistance. To develop new biomarkers for disease progression in
ovarian carcinoma, CSCs, which are considered to contribute to disease relapse and metastasis,
were isolated from human ovarian carcinoma tissues, and differentially expressed microRNAs
(miRNAs) in CSCs were identified and assessed the clinical implication of expression of these
miRNAs.
Methods: Primary cancer cells derived from human ovarian carcinomas were cultured and
spheroid-forming cells (SFCs) were isolated. Profiles of miRNA expression in CSC-like SFCs were
identified by miRNA microarray and the results were validated by quantitative real-time RT-PCR
(qRT-PCR). We also assessed the correlations between miRNA expression levels and
clinicopathological parameters in ovarian carcinomas.
Results: Five miRNAs (miR-5703, miR-630, miR-1246, miR-424-5p, and miR-320b) were
significantly dysregulated in CSC-like SFCs compared with primary cancer cells. The qRT-PCR
showed that miR-5703 and miR-1246 expression was significantly higher in ovarian cancer cells
than in normal control cells, whereas the miR-424-5p level was significantly lower. Decreased
expression of miR-424-5p was significantly associated with distant metastasis in high stage (stage IIII
& IV) carcinomas (35.5% vs. 72.2%, respectively, p=0.013)
Conclusion: Taken together, miR-5703, miR-630, miR-1246, miR-424-5p, and miR-320b are useful
markers for enriching ovarian CSCs. Decreased expression of miR-424-5p in ovarian carcinoma
might be a putative biomarker for distant metastasis in ovarian carcinoma.
Key words: Ovarian carcinoma; Cancer stem cell; microRNA; miR-424-5p, Prognosis.

Introduction
Ovarian carcinoma is the most lethal
gynecological malignancy in women [1]. Its high
mortality rate is due to difficulties in early detection
and disease recurrence. Despite the good response to
first-line chemotherapies such as taxol and
platinum-based combination therapy, the majority of
patients with advanced disease become refractory to
conventional chemotherapeutic agents [2], resulting

in disease recurrence and distant metastasis.
However, the mechanisms involved in disease
recurrence and distant metastasis remain unclear.
Increasing evidence indicates that cancer stem
cells (CSCs) comprise a small population of cells
within a heterogeneous tumor mass. They are the
most tumorigenic and resistant to chemotherapy [3-7].
CSCs express distinct surface markers and contribute
http://www.jcancer.org
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to heterogeneous tumor growth. Thus, they resemble
the functional hallmarks of genuine stem cells;
namely, the ability to self-renew, modulate and
balance the differentiation of various cell types [8-12].
In addition, CSCs can survive from conventional
treatments and contribute to disease recurrence,
resulting in more chemoresistant and aggressive
tumors [13]. However, the molecular mechanisms that
regulate CSCs are poorly understood.
Recent discoveries in the biology of microRNAs
(miRNAs) have provided new insights on the genes
implicated in tumorigenesis and CSC modulation
[14]. miRNAs are small non-coding RNAs that inhibit
the expression of multiple genes at the
post-transcriptional level via partial base pairing to
the 3 ′ untranslated region (UTR) of their targets.
miRNAs regulate various cellular processes,
including the cell cycle [15] and apoptosis [16].
Furthermore, aberrant miRNA expression promotes
tumorigenesis and metastasis of various human
cancers, including ovarian carcinoma [17, 18]. Gene
expression studies have identified hundreds of
dysregulated miRNAs in cancer cells, and their
control of oncogenes and tumor suppressors has been
demonstrated by functional studies [19]. Thus,
understanding the miRNA expression levels and their
clinical significance may provide insight into the
pathobiology of ovarian carcinoma on a molecular
level and reveal new prognostic biomarkers and
therapeutic targets.
Here, we isolated putative CSCs from fresh
tissues of high-grade ovarian serous carcinoma
(OSC)s using spheroid-forming assay. Differentially
expressed miRNAs in CSCs were identified by
high-throughput miRNA microarray analysis. We
also studied their expression patterns in high-grade
human OSC samples using qRT-PCR, and identified
correlations between their expression levels and
clinicopathological parameters to assess the clinical
impact of differentially expressed miRNAs in OSCs,
the most prevalent and lethal type of ovarian cancer
[20] .

Materials and Methods
Patients and tissue collection
To quantify the miRNA expression levels by
real-time
PCR,
fresh
and
formalin-fixed-paraffin-embedded (FFPE) tissues
from 59 high-grade OSCs were obtained from patients
who underwent an oophorectomy at the Bundang
CHA Medical Center. The fallopian tubes from
patients who underwent a hysterectomy with
salpingectomy due to benign leiomyoma served as a
control. The histological diagnosis and clinical stage
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were determined using the World Health
Organization classification system. The samples were
histopathologically graded by a pathologist at the
Department of Pathology according to a two-tiered
grading system and tumor staging was carried out
according to a tumor-node-metastasis staging system.
Each sample was assigned to either the
chemosensitive or chemoresistant group according to
the responsiveness of patients to first-line
chemotherapy
(taxol
and
platinum-based
combination therapy) after surgery based on the
NCCN guidelines. This study was approved by the
Ethics Committee of the Bundang CHA Medical
Center. Informed consent was obtained from each
patient before surgery.

Primary ovarian carcinoma cell culture and
isolation of spheroid-forming cells (SFCs)
Procedures were performed as described by
Kwon et al. [21]. To isolate and characterize CSCs,
high-grade OSC cells isolated from the ovary of 4
patients who underwent oophorectomy were
primarily cultured and a spheroid formation assay
was performed using cultured primary ovarian
carcinoma cells.
Tumors were mechanically dissected into small
pieces and enzymatically digested into single cell
suspensions in Ca2+/Mg2+-free PBS containing 50
U/ml collagenase A (Roche, Pleasanton, CA, USA) at
37°C for 1 h. Cells were incubated with
Ber-EP4-coated
magnetic
Dynabeads
(Life
Technologies, Carlsbad, CA, USA) for 30 min to select
epithelial cells, which were then cultured in RPMI
medium (Gibco, Grand Island, NY, USA) containing
10% fetal bovine serum, 1% penicillin–streptomycin,
and 20 ng/ml epidermal growth factor (Life
Technologies). For the spheroid formation assay,
single cells were plated on Corning ultra-low-binding
6-well culture plates (Corning, NY, USA) at a density
of 1 × 103 cells/cm2 in serum-free DMEM/F12
medium (Life Technologies) containing 20 ng/ml
epidermal growth factor (Life Technologies), 10
ng/ml basic fibroblast growth factor, 0.4% bovine
serum albumin, and 5 µg/ml insulin (all from
Sigma-Aldrich, St. Louis, MO, USA). The formation of
spheroids, each containing approximately 50–100
cells, was assessed at 7 days after cell plating. The
morphology and evidence for enriching CSCs in
spheroid-forming cells were shown in our previous
report [21] by demonstrating the constant
spheroid-forming efficiency of 2.17 ~2.37% in the
subsequent generation, and upregulation of stem cell
markers, such as ALDH1, CD24, CD44, CD133, and
Sox2.

http://www.jcancer.org
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RNA extraction
RNA was isolated from cultured primary
ovarian carcinoma cells and SFCs using TRIzol
reagent (Life Technologies), as instructed by the
manufacturer. Total RNA from FFPE tissues was
isolated using the miRNeasy FFPE kit (QIAGEN,
Hilden, Germany), as instructed by the manufacturer.
RNA purity and concentration were determined
using a NanoDrop spectrophotometer (NanoDrop
Technologies, Inc., Wilmington, DE, USA).

miRNA microarray analysis
The miRNA expression profiles of four
independent primary OSC cell cultures and their
corresponding SFC cultures were compared using the
Agilent Human miRNA 8 × 60K platform (Agilent,
Inc., Santa Clara, CA, USA) based on the miRBase
software package (v18.0). miRNA microarray analysis
was performed as instructed by the manufacturer. In
brief, 100 ng of total RNA per sample was labeled
with cyanine 3-pCp (Cy3) using the miRNA Complete
Labeling and Hyb kit (Agilent, Inc.). Cy3-labeled
RNAs were hybridized to a miRNA microarray
containing 1887 human miRNAs. The miRNA
microarray was then scanned using the Agilent
G2600D microarray scanner. Raw data for the same
gene in primary OSCs and SFCs were summarized in
the Agilent Feature Extraction software package
(v11.0.1.1), which generated the gene view file and
provided expression data for each gene probed on the
array. Array data were filtered using gIsGeneDetected
= 1 for all samples (1: detected). Logarithmicallytransformed miRNA gtotalGeneSignal values were
normalized using the quantile method. The
comparative analysis of results from primary cancer
cells and SFCs was based on -fold changes. All data
analysis and visualization of differentially expressed
genes were conducted using the R statistical language
software package (v. 2.15.0).

Bioinformatics analysis
To identify relevant target genes, severely
dysregulated miRNAs showing ≥ 2.0 fold change or <
0.5 fold with a P-value < 0.05 based on microarray
data were included in the analysis. Identification of
miRNA target genes was performed using Target
Scan 7.1(http://www.targetscan.org) and miRDB
(http://mirdb.org/miRDB/, v4.0). The list of target
genes was further reduced by selecting those genes
targeted by five or more miRNAs.
Bioinformatics analysis for gene set enrichment
was performed using the DAVID database (DAVID
Functional Annotation Bioinformatics Microarray
Analysis, http://david.abcc.ncifcrf.gov/) [22] and
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KEGG database. The KEGG pathways were regarded
to be significant when the adjusted P-value by
Benjamini-Hochberg procedure was less than 0.05.

Quantitative real-time polymerase chain
reaction (qRT-PCR)
The miRNA expression levels were measured by
qRT-PCR using the TaqMan microRNA reverse
transcription kit (Applied Biosystems, Foster City,
CA, USA) and a Bio-Rad CFX96 real-time PCR
detection system (Bio-Rad Laboratories, Hercules,
CA, USA). The thermal cycling conditions used were
recommended by the manufacturer. RNU48 served as
the control for miRNA normalization. All PCR
reactions were run in duplicate and relative miRNA
expression levels were calculated using the 2-ΔΔCt
method.

Statistical analysis
Statistical analysis was performed using the
SPSS software package (IBM Analytics, Armonk, NY,
USA). Correlations between miRNA expression levels
and clinicopathological parameters were evaluated
using the chi-squared test. Differences in miRNA
expression levels between groups were expressed as
the mean ± standard deviation (SD). Data were
analyzed using Student’s t-test and P-values < 0.05
were considered statistically significant.

Results
Clinicopathological characteristics of
chemosensitive and chemoresistant patients
To validate the miRNA microarray results, 59
high-grade OSC samples were subjected to qRT-PCR.
The clinicopathological characteristics of the patients
are summarized in Table 1. Of 59 OSC patients, 39
cases (66.1%) were chemosensitive, and 20 cases
(33.9%) were chemoresisant. The mean age of
chemosensitive and chemoresistant patients was 54.7
and 57.2 years, respectively. Approximately 25.6%
(10/39) of chemosensitive patients were diagnosed
with stage I or II cancer, whereas 74.4% (29/39) of
patients had stage III or IV cancer. All chemoresistant
patients were diagnosed with stage III or IV cancer.
Nodal metastasis was identified in 43.6% (17/39) of
chemosensitive patients and in 70% (14/20) of
chemoresistant patients. Distal metastasis was
identified in 25.6% (10/39) and 40% (8/20) of patients
with chemosensitive and chemoresistant carcinomas,
respectively. Disease recurrence was observed in 59%
(23/39) and 85% (17/20) of chemosensitive and
chemoresistant patients, respectively.

http://www.jcancer.org
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Figure 1. MicroRNA microarray analysis of spheroid-forming cells (SFCs) and primary cancer cells from cultured ovarian serous carcinoma (OSC) cells. (A) Hierarchical
clustering of 37 significantly altered miRNAs with a ≥2.0-fold difference in expression between OSC SFCs and primary cancer cells. The clustered expression data are displayed
on a heat map, with individual tumors and miRNAs listed on x- and y-axes, respectively. The x-axis indicates four SFC samples and their respective primary cancer cell samples.
(B) Twenty-four miRNAs were significantly upregulated, whereas 13 miRNAs were downregulated, in the four SFC samples when compared with the control. Individual blocks
are color-coded to indicate changes in miRNA expression: red indicates upregulation, green indicates downregulation, and black indicates no change. SCN, cultured primary
cancer cell; SFC, spheroid-forming cells. (C) KEGG pathway analysis of genes targeted by the dysregulated miRNAs in CSC-like SFCs compared with primary OSC cells. Genes
targeted by five or more miRNAs were selected for pathway enrichment analysis. The enrichment score of each pathway is expressed as −log (P-value).
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miRNA expression profiles of SFCs identified
by miRNA microarray and qRT-PCR analyses
The miRNA expression profiles of CSC-like SFCs
and their corresponding primary cancer cells were
examined by miRNA microarray analysis (Fig. 1A).
Table 1. The clinicopathological characteristics of high-grade
ovarian serous carcinoma (n = 59)
Age, years
Stage
Nodal metastasis
Distant metastasis
Recurrence
Total

I / II
III / IV
Absent
Present
Absent
Present
Absent
Present

Patients
55.5±11.1
10 (16.9%)
49 (83.1%)
28 (47.5%)
31 (52.5%)
41 (69.5%)
18 (30.5%)
19 (32.2%)
40 (67.8%)
59

Chemosensitive
54.7±11.2
10 (25.6%)
29 (74.4%)
22 (56.4%)
17 (43.6%)
29 (74.4%)
10 (25.6%)
16 (41.0%)
23 (59.0%)
39 (66.1%)

Chemoresistant
57.2±10.9
0 (0.0%)
20 (100%)
6 (30.0%)
14 (70.0%)
12 (60.0%)
8 (40.0%)
3 (15.0%)
17 (85.0%)
20 (33.9%)

The functional roles played by dysregulated
miRNAs identified by miRNA microarray analysis
were further analyzed. We summarized the
expression levels of 37 miRNAs significantly altered
with a ≥2-fold increase or decrease in CSC-like cells
compared with their corresponding parental cancer
cells from highest to lowest (Table 2). The hierarchical
clustering of these 37 significantly altered miRNAs is
shown in Figure 1B. In addition, target genes were
predicted from 37 miRNAs (24 upregulated and 13
downregulated)
using
miRDB
(http://mirdb.org/miRDB/,
v4.0),
PicTar-Vert
(http://pictar.mdc-berlin.de/), and Target Scan
(http://www.targetscan.org) databases. In total, 1762
genes were used for functional annotation analysis.
After KEGG pathway enrichment analysis, the ErbB
signaling pathway, various cancer-related pathways,
and pathways regulating stem cell pluripotency were
the highest ranked out of 17 pathways identified. The
pathways for specific cancers were associated with
glioma, chronic myeloid leukemia, prostate cancer,
acute myeloid leukemia, and endometrial cancer. The
significantly related signaling pathways were ErbB-,
p53-, Ras, T-cell receptor, and neurotrophin-signaling
pathways (Fig. 1C).
Of 37 miRNAs, we chose five miRNAs whose
levels were the most increased (miR-5703, miR-630
and miR-1246) and the most decreased (miR-320b and
miR-424-5p) for further validation with human OSC
samples. To further explore the functional
distribution of these five miRNAs, we performed
genome-wide miRNA target prediction databases.
The major target genes of each miRNA involved in
oncogenesis are summarized in Table 3.

Table 2. List of differentially expressed microRNAs in cancer
stem cell-like spheroid-forming cells compared with primary
cancer cells
miRNA
Up-regulated
hsa-miR-5703
hsa-miR-630
hsa-miR-1246
hsa-miR-4459
hsa-miR-3679-5p
hsa-miR-4532
hsa-miR-1268a
hsa-miR-4466
hsa-miR-1275
hsa-miR-1207-5p
hsa-miR-3960
hsa-miR-5006-5p
hsa-miR-762
hsa-miR-146b-5p
hsa-miR-320c
hsa-miR-4484
hsa-miR-4281
hsa-miR-3940-5p
hsa-miR-4270
hsa-miR-4530
hsa-miR-3653
hsa-miR-423-5p
hsa-miR-1915-3p
hsa-miR-4763-3p
Down-regulated
hsa-miR-27b-3p
hsa-miR-1273g-3p
hsa-miR-513a-5p
hsa-miR-130a-3p
hsa-miR-320a
hsa-miR-3676-5p
hsa-miR-494
hsa-miR-324-3p
hsa-miR-4428
hsa-miR-21-3p
hsa-miR-17-5p
hsa-miR-320b
hsa-miR-424-5p

Fold Change

P-value

Chromosome

29.223
19.996
13.709
12.681
4.387
4.157
3.366
3.201
3.166
3.038
2.829
2.789
2.762
2.602
2.585
2.444
2.405
2.361
2.357
2.239
2.2
2.17
2.032
2.003

0.014
0.008
0.024
0.008
0.035
0.005
0.017
0.013
0.02
0.041
0.026
0.028
0.034
0.023
0.043
0.046
0.002
0.046
0.023
0.028
0.023
0.023
0.031
0.018

2
15q24.1
2q31.1
5
2
20
15q11.2
6
6
8
9
13
16
10q24.32
18
10
5
19
3
19
22
17
10
22

-2.145
-2.153
-2.159
-2.357
-2.454
-2.495
-2.558
-2.604
-2.645
-2.757
-2.843
-3.634
-4.905

0.036
0.005
0.033
0.006
0.002
0.009
0.012
0.006
0.003
0.041
0.05
0.001
0.045

9
1
chrX
11
8p21.3
17
14q32.31
17
1
17
13
1
chrX

miRNA: microRNA.

miR-5703, miR-1246, and miR-424-5p
expression levels were significantly altered in
OSCs
miR-5703, miR-630, miR-1246, miR-424-5p, and
miR-320b expression was measured in 59 human OSC
samples by qRT-PCR (Fig. 2). The control was used
with normal fallopian tubes, which are known to be
the origin of OSC [23-25]. As shown in Figure 2A, the
expression profiles of miR-5703 (upregulated),
miR-424-5p, and miR320b (both downregulated) were
similar to SFCs. Compared with that in the control,
expression of miR-5703 was upregulated in 73%
(42/59) and miR-424-5p was downregulated in 98%
(58/59) of OSC samples, respectively. In addition,
miR-5703 (22.23-fold), miR-1246 (4.75-fold), and
miR-424-5p (0.17-fold) expression levels were
significantly altered in OSC samples than in the
control (Fig. 2B). However, there was no significant
http://www.jcancer.org
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difference between chemosensitive and chemoresistant groups.

Decreased expression of miR-424-5p is
associated with distant metastasis in high stage
OSCs
Correlations between miRNA expression levels
and clinicopathological parameters, including clinical
stage, nodal and distant metastasis, chemoresistance,
and disease recurrence were identified only for the

high
stage
OSCs
(n=49),
because
other
clinicopathological parameters are related with
clinical stage. Decreased expression of miR-424-5p
(<0.1-fold) was significantly associated with distant
metastasis (35.5% vs. 72.2%, respectively, p=0.013)
(Table 4). However, there was no correlation between
the aberrant expression of other miRNAs and clinical
stage, nodal metastasis, or disease recurrence.

Table 3. The putative target genes of the most highly dysregulated miRNAs in spheroid- forming cells compared with primary cancer
cells.
ID
hsa-miR-5703

Fold change
29.223

P-value
0.014

Chr
2

hsa-miR-630

19.996

0.008

15q24.1

hsa-miR-1246

13.709

0.024

2q31.1

hsa-miR-424-5p

-4.905

0.045

X

hsa-miR-320b

-3.634

0.001

1

Genes
SYNPO2L
PDE1C
GFRA1
ADAM19
DAB2
ENTPD1
DOCK8
CD200
F3
NEXN
CARD16
VEPH1
TNFRSF8
FGL2
MARCH3
FRMD6
EDA
PTPLAD2
USP42
SLC5A3
AXIN2
FECH
PTPRD
PHKA1
FAM81A
NTRK2
BCAS1
TMEM100
ITGA10
PDE3B
UNC5B
DLL1
PTHLH
TMEM215
SLC5A3
PCDHA2
SLC2A12
RNPC3
ZNF780A
DLX1
RUFY2
TMEM100
ST6GAL2
BAALC
ETV1
GRIN2A

synaptopodin 2 like
phosphodiesterase 1C
GDNF family receptor alpha 1
ADAM metallopeptidase domain 19
Dab, mitogen-responsive phosphoprotein, homolog 2 (Drosophila)
ectonucleoside triphosphate diphosphohydrolase 1
dedicator of cytokinesis 8
CD200 molecule
coagulation factor III, tissue factor
nexilin (F actin binding protein)
caspase recruitment domain family member 16
ventricular zone expressed PH domain containing 1
tumor necrosis factor receptor superfamily member 8
fibrinogen like 2
membrane associated ring-CH-type finger 3
FERM domain containing 6
ectodysplasin A
protein tyrosine phosphatase-like A domain containing 2
ubiquitin specific peptidase 42
solute carrier family 5 (sodium/myo-inositol cotransporter), member 3
axin 2
ferrochelatase
protein tyrosine phosphatase, receptor type, D
phosphorylase kinase, alpha 1 (muscle)
family with sequence similarity 81 member A
neurotrophic tyrosine kinase, receptor, type 2
breast carcinoma amplified sequence 1
Transmembrane Protein 100
integrin subunit alpha 10
phosphodiesterase 3B
unc-5 netrin receptor B(UNC5B)
delta-like 1 (Drosophila)(DLL1)
parathyroid hormone-like hormone(PTHLH)
transmembrane protein 215(TMEM215)
solute carrier family 5 (sodium/myo-inositol cotransporter), member 3
protocadherin alpha 2
solute carrier family 2 member 12
RNA binding region (RNP1, RRM) containing 3
zinc finger protein 780A
distal-less homeobox 1
RUN and FYVE domain containing 2
transmembrane protein 100
ST6 beta-galactosamide alpha-2,6-sialyltranferase 2
brain and acute leukemia, cytoplasmic
ETS variant 1
glutamate ionotropic receptor NMDA type subunit 2A

chr: chromosome.

http://www.jcancer.org

Journal of Cancer 2017, Vol. 8

3544

Figure 2. Comparison of miRNA expression levels (miR-5703, miR-630, miR-1246, miR-424-5p, and miR-320b) in OSCs using two approaches; namely, miRNA
microarray analysis and qRT-PCR. (A) The left panel shows the relative miRNA expression levels determined by miRNA microarray analysis. Five miRNAs were
dysregulated in CSC-like SFCs when compared with primary cancer cells. The right panel shows relative miRNA expression levels determined by qRT-PCR. The
expression profiles of miR-5703 (upregulated), miR-424-5p, and miR320b (both downregulated) were similar between OSC and SFC samples. (B) The expression
levels of candidate miRNAs in OSCs relative to fallopian tubes (control). miR-5703 and miR-1246 expression levels were significantly higher in OSCs than in fallopian
tubes, whereas the miR-424-5p expression level was lower in OSCs than in the control. Data are presented as the mean ± SD. (*P < 0.05).
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Table 4. Relationship between microRNA expression and clinicopathologic parameters in ovarian serous carcinomas with stage III & IV
hsa-miR-5703
up-regulated
Age
<55
17/25
≥55
15/24
Nodal metastasis
Absent
15/20
Present
17/29
Distant metastasis
Absent
22/31
Present
10/18
Recurrence
Absent
6/12
Present
26/37

†

†

P-value

hsa-miR-630
up-regulated

P-value

hsa-miR-1246
up-regulated

§

†

P-value

hsa-miR-424-5p
down-regulated

§

P-value

hsa-miR-320b
down-regulated

P-value

0.686

6/25
2/24

0.138

14/25
7/24

0.058

12/25
12/24

0.889

3/25
3/24

0.957

0.236

4/20
4/29

0.563

9/20
12/29

0.801

10/20
14/29

0.906

3/20
3/29

0.625

0.275

5/31
3/18

0.961

15/31
6/18

0.305

11/31
13/18

0.013*

4/31
2/18

0.854

0.200

3/12
5/37

0.350

5/12
16/37

0.924

6/12
18/37

0.935

2/12
4/37

0.591

hsa-miR-5703, hsa-miR-630 and hsa-miR-1246 upregulation of microRNAs was determined when the level of expression is 2.5-fold or more†; and hsa-miR-424-5p,
hsa-miR-320b, 0.1 or less§. Pearson's chi-squared test (*, P < 0.05)

Discussion
In spite of relatively small population
(0.01–1.0%) of CSCs, CSCs contribute disease
recurrence because these cells are resistant to
conventional treatments that target rapidly dividing
cells, such as chemotherapy and radiotherapy [13, 26].
Therefore, identifying CSCs and characterizing their
molecular phenotype may provide insight into new
therapeutic strategies for lethal human cancers such
as ovarian carcinoma. From this point of view,
ovarian CSCs are considered to be involved in disease
relapse [5] as well as cancer development and
chemoresistance; thus, CSC-specific molecular
changes may be disease biomarkers or novel
therapeutic targets [12].
A growing body of evidence indicates that
miRNAs regulate most human genes involved in
critical biological processes, including tumorigenesis,
progression, and therapy resistance. miRNAs also
control CSC self-renewal and differentiation,
according to several studies that reported
differentially expressed miRNAs in CSCs of various
human cancers [22, 27, 28]. Recently, the
dysregulation of miR-200a, miR-199a and miR-214
was reported in CD133 (+) and CD44 (+) ovarian
CSCs [29]. We previously demonstrated that miR-23b,
miR-27b, miR-424, and miR-503 expression is
dysregulated in ovarian cancer cells positive for
ALDH1 [30], a biomarker of CSCs. However, there are
few data regarding miRNA expression profiles in
ovarian CSCs.
To identify predictive biomarkers for disease
recurrence and poor prognosis, and to provide new
treatment strategies for life-threatening ovarian
carcinoma, we identified ovarian CSC-specific
miRNAs using high-throughput miRNA microarray
and qRT-PCR. We also assessed the clinical
implications of CSC-specific miRNAs by evaluating
correlations between differentially expressed miRNAs

and clinicopathological parameters. We found that
miR-5703, miR-630, miR-1246, miR-424-5p, and
miR-320b were aberrantly expressed in CSC-like
SFCs. We also demonstrated that miR-5703 and
miR-1246 expression increased, and that miR-424-5p
expression decreased, significantly in OSCs compared
with the control, indicating that these miRNAs are
involved in the development of OSCs. We then
analyzed correlations between miRNA expression
levels and various clinicopathologic parameters to
identify putative prognostic biomarkers as for the
high stage OSCs (Table 4). Regarding that resistance
to chemotherapy is due mainly to CSCs, and that
miRNAs are responsible for the maintenance and
regulation of CSCs properties and drug resistance by
several recent studies [31], we postulated that
chemoresistance is associated with changes in
miR-5703, miR-1246 and miR-424-5p expression.
However, we could not find evidence to support this
postulation in our analysis. Thus, further studies are
required to understand the roles of these miRNAs in
human ovarian carcinoma.
However, we revealed for the first time that
miR-424-5p was associated with distant metastasis of
OSC. Tumor metastasis is a multi-step process that
involves many critical factors because tumor
heterogeneity and the mechanisms underlying distant
metastasis may be completely different, even where
primary tumors have similar clinical manifestations
and histological types. CSCs are considered to be one
of the causative factors of distant metastasis [32]. As
for miR-424-5p, several studies reported the role of
miR-424 in different physiological and pathological
conditions. For example, expression of miR-424 is
higher in distant metastasis than in primary mouse
and human pancreatic neuroendocrine tumors [33].
Another study for non-small cell lung cancers shows
that upregulation of miR-424 is related to a poor
prognosis [34]. On the other hand, lower expression of
miR-424 is positively correlated with advanced
http://www.jcancer.org
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clinical stage, lymph node metastasis, and other poor
prognostic parameters in cervical cancers [35],
indicating that it functions as a tumor suppressor. The
present study also showed that expression of
miR-424-5p was significantly lower in OSCs than in
the control, and decreased expression of miR-424-5p
significantly correlated with distant metastasis. Taken
together, the function of miR-424-5p is cell type- or
context-specific, and it may function as a tumor
suppressor and could be a potential predictive
biomarker for distant metastasis in OSCs.
As for miR-5703, which was upregulated in
OSCs, its roles in tumor development and progression
remain unclear. To predict the roles of miR-5703 in
tumor development and progression, we searched for
predicted target genes associated with apoptosis and
tumor
suppression
using
the
web-based
computational programs PicTar and Target Scan.
ADAM19, a putative miR-5703 target gene, is a
member of the Notch pathway. Its dysregulation
results in neoplastic proliferation and stem cell
regulation in many human cancers [36, 37]. The
cleavage of the Notch transmembrane domain by
ADAM proteases, which are multi-functional,
multi-domain proteins involved in cell adhesion, cell
signaling, and the proteolytic processing of other
transmembrane proteins results in activation of the
Notch pathway [38, 39]. Recent studies show that
several ADAMs are highly expressed in cancer cells
and tissues [40]. Of these, ADAM19 is highly
expressed in human primary brain tumors and its
upregulation
is
associated
with
increased
invasiveness [41]. However, the function of ADAM19
in other cancers remain unclear. Therefore, further
studies are necessary to determine whether miR-5703
induces
ovarian
cancer
cell
growth
or
migration/invasion, and whether ADAM19 is a direct
target gene of miR-5703.
MiR-1246 was reported to promote migration
and invasion of hepatocellular carcinoma [42].
Another study demonstrated that miR-1246, a
putative target of the p53 transcription factor, inhibits
Down syndrome-associated DYRK1A, thereby
activating NFAT and leading to tumorigenesis [43].
Serum miR-1246 was reportedly a novel diagnostic
and prognostic biomarker of esophageal squamous
cell carcinoma [44]. The further study is needed to
investigate the role of miR-1246 in this subset of
ovarian cancer.
In summary, we found that miR-5703, miR-630,
miR-1246,
miR-424-5p, and
miR-320b
were
dysregulated in CSC-like cells of OSC. Of these,
decreased expression of miR-424-5p was associated
with distant metastasis of OSCs. Our results indicate
that these microRNAs are putative CSC markers, and
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that miR-424-5p is a potential predictive biomarker
for poor prognosis and a possible therapeutic target in
OSC.
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