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Abstract. Small and large non-coding RNAs (ncRNAs) 
contribute to the acquisition of aggressive tumor behavior 
in diverse human malignancies. Two types of ncRNAs, 
miRNA‑10b (miR-10b) and homemobox (HOX) transcript 
antisense RNA (HOTAIR), can suppress the translation of 
the HOXD10 gene, an mRNA encoding a transcriptional 
repressor that inhibits the expression of cell migration/inva-
sion-associated genes. Using epithelial ovarian cancer cell 
lines and primary tumors, we investigated whether miR‑10b 
and/or HOTAIR can regulate the expression of HOXD10, 
and whether it permits gain of pro‑metastatic gene products, 
matrix metallopeptidase 14 (MMP14) and ras homolog family 
member C (RHOC). Overexpression of miR-10b induced a 
decrease in HOXD10 protein expression, and upregulated the 
migration and invasion abilities in ovarian cancer cell lines 
(P<0.05). In these cells, a significant increase of MMP14 and 
RHOC protein was observed. No significant upregulation of 
the HOXD10 protein was observed in cells with the treat-
ment of HOTAIR-siRNA. Positive signals for HOXD10 and 
MMP14 proteins were observed in 47 (69%) and 25 (37%) of 
68 patients with epithelial ovarian cancers. An inverse correla-
tion between HOXD10 and MMP14 immunoreactivities was 
observed (P<0.05), and miR-10b expression was also inversely 
correlated with HOXD10 protein expression (P<0.05). These 
results suggested that downregulation of HOXD10 expres-
sion by miR-10b overexpression may induce an increase of 
pro-metastatic gene products, such as MMP14 and RHOC, 
and contribute to the acquisition of metastatic phenotypes in 
epithelial ovarian cancer cells.

Introduction

Ovarian cancer has the highest mortality rate of all gynecologic 
tumors and represents the fifth leading cause of cancer death 
for women in the United States. More than 70% of patients 
present with disease that has spread beyond the ovaries (1). 
Ovarian cancer is a highly metastatic disease characterized by 
intraperitoneal spread (2,3). As disseminated ovarian cancer is 
usually confined to the surface epithelium within the peritoneal 
cavity, processes such as cell adhesion, migration, intraperito-
neal invasion and proliferation likely play a predominant role in 
ovarian cancer pathobiology (4). Therefore, the development of 
more effective treatments for inhibition of invasion/metastasis 
is urgently needed in patients with advanced ovarian cancer.

Molecular characterization of ovarian cancer makes it 
possible to develop multiple therapeutic approaches targeting 
various aspects of the malignancy and to expand the currently 
available treatment options (5). These include inhibitors of poly 
(ADP-ribose) polymerase (PARP) (6-8), histone deacetylases 
(HDACs) (9-11), ERBB family receptors (12,13), heat shock 
proteins (HSPs) (14), mechanistic target of rapamycin (mTOR)/
hypoxia inducible factor (HIF) (12,15,16) and vascular endothe-
lial growth factor (VEGF) (8,11,12). Some of these approaches 
might inhibit the migration and invasion of ovarian cancer cells 
through direct and/or indirect pathways, and their application 
to management of patients with advanced-stage ovarian cancer 
is anticipated. However, it has been shown that the efficacy of 
each agent is limited to a subset of patients exhibiting abnor-
malities specific to each target molecule. Intensive searches for 
other candidate molecules involved in the metastatic process 
are continuing, with the aim of utilizing them for personalized 
therapy of patients with advanced ovarian cancer (8,12,17).

Small and large non-coding RNAs (ncRNAs) contribute 
to acquisition of aggressive tumor behavior in a wide range 
of human malignancies. miR-10b is a particularly interesting 
candidate given its close correlation with metastatic behavior 
in human malignancies including breast  (18) and gastric 
cancers (19), renal cell (20,21) and urothelial carcinomas (22), 
and glioblastoma (23,24). In mammary epithelial cells and 
breast cancer cells, miR-10b can directly suppress the transla-
tion of homeobox  D10 (HOXD10), an mRNA encoding a 
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transcriptional repressor that inhibits expression of several 
genes involved in cell migration and extracellular matrix remod-
eling, such as RHOC and MT1-MMP (MMP14) (18,24,25). 
Interestingly, HOXD10 is not only targeted by miR-10b, but 
also by a long ncRNA termed HOX transcript antisense RNA 
(HOTAIR), which has also been shown to promote breast 
cancer metastasis. HOTAIR reprograms the chromatin state, 
causing increased polycomb repressive complex-2 (PRC2) 
occupancy on promoters of genes that inhibit breast cancer 
progression, including HOXD10 (26). HOXD10 is a member 
of the Abd-B homeobox family encoding a protein with a 
homeobox DNA-binding domain, and its expression is reduced 
in both breast and endometrial tumors (27). Overexpression of 
HOXD10 significantly impairs breast tumor cell motility and 
invasiveness, indicating that HOXD10 may serve as a tumor 
suppressor  (28,29). Although the biological significance of 
HOXD10 has not been well defined in ovarian cancer, over­
expression of MMP14 (30) and RHOC (31), which are negatively 
regulated by HOXD10, has been observed during progression of 
the disease. If the miR-10b and/or HOTAIR/HOXD10/MMP14 
and/or RHOC axis is involved in the migration/invasion activity 
of ovarian cancer cells, these would become good candidate 
target molecules for the development of new personalized thera-
pies for patients with ovarian cancer.

Here, using cell biological methods, we first investigated 
whether miR-10b and/or HOTAIR could regulate the expression 
of HOXD10 protein, and thus affect the migration and invasion 
activities of human ovarian cancer cell lines. We then examined 
these abnormalities in samples from primary tumors.

Materials and methods

Cell lines and culture conditions. We used three clear cell 
adenocarcinoma cell lines (JHOC-5, JHOC-7 and JHOC8), 
three serous adenocarcinoma cell lines (JHOS-2, JHOS-3 
and JHOS-4), one mucinous adenocarcinoma cell line 
(JHOM-1) and OVCAR-3. They were obtained from Riken 
Cell Bank (Tsukuba, Japan). All cell lines except OVCAR3 
were maintained in DMEM/F12 medium supplemented 
with 10 or 15% (JHOS3) fetal bovine serum (FBS), 0.1 mM 
MEM-non-essential amino acid solution (Life Technologies 
Inc., Gaithersburg, MD, USA) and 100 µl/ml penicillin‑strep-
tomycin. OVCAR3 was maintained in RPMI-1640 (Life 
Technologies) with 10% FBS. All tissue culture reagents were 
obtained from Life Technologies.

Tissue samples. Tissue samples from 68 patients with ovarian 
cancer and 10 patients with benign ovarian cyst were used 
for immunohistochemistry and/or real-time quantitative PCR 
for miR-10b. They were obtained from the Department of 
Obstetrics and Gynecology, School of Medicine, Iwate Medical 
University, Morioka, Japan, between 2005 and 2011. The 
surgical specimens had been fixed in 10% buffered formalin 
solution and embedded in paraffin wax. Permission for the study 
was obtained from the Institutional Review Board (School of 
Medicine, Iwate Medical University, Iwate, Japan) and written 
consent had been obtained from all patients before surgery.

Transfection with pre-miRNA precursor and siRNA. Cells were 
transfected with pre-miR-10b precursor (50 nM) or pre-miR 

miRNA precursor negative control using Lipofectamine™ 
2000 (50 nM, Life Technologies) in accordance with the manu-
facturer's protocol. siRNA oligonucleotides (50 nM) targeting 
HOTAIR were used as designed by Gupta et al (no. 1 and 2) (26) 
and predesigned HOTAIR-specific siRNA (no. 3, n272224, Life 
Technologies) and control non-specific human siRNA (Silencer 
Select Predesigned siRNA Negative Control no. 2, 4390844, 
Life Technologies) using Lipofectamine 2000 in accordance 
with the manufacturer's protocol.

RNA isolation and reverse transcription. Human Ovarian 
Surface Epithelial Cell total RNA (HOSEipC total RNA) was 
purchased from ScienCell Research Laboratories (San Diego, 
CA, USA). Total RNA was extracted from cells using TRIzol 
reagent in accordance with the manufacturer's protocol (Life 
Technologies), and transcribed to cDNA with a SuperScript® III 
First-Strand Synthesis System (Life Technologies). Otherwise, 
total RNA was extracted from 80-µm sections of the 
formalin-fixed paraffin-embedded material samples (FFPE) 
using a RecoverAll™ Total Nucleic Acid Isolation kit (Life 
Technologies), and reverse-transcribed using a TaqMan 
microRNA Transcription kit (Life Technologies) and TaqMan 
Universal PCR Master mix II w/o UNG (Life Technologies) in 
accordance with the manufacturer's protocol.

Real-time quantitative PCR assay. For quantitative evalu-
ation of the relevant mRNAs, we used Custom TaqMan 
Gene Expression Assays (HOXD10, Hs00157974_m1; 
MMP14, Hs01037009_g1; RHOC, Hs00747110_s1; HOTAIR, 
Hs03296680_s1, Life Technologies) and an ABI PRISM 
7500 (Life Technologies). For normalization of the target, 
glyceraldehydede-3-phosphate dehydrogenase (GAPDH, Life 
Technologies) was used as an internal control. Triplicate reac-
tions were run per sample, and average fold differences were 
calculated by normalizing the relative expression (∆∆Ct values) 
to the User Bulletin no. 2 (Life Technologies).

miRNA detection. The relative expression levels of miR-10b 
were measured by a two-step TaqMan assay in accordance 
with the manufacturer's instructions. Reverse transcrip-
tion of hsa-miR-10b or the internal control, human U6 were 
carried out by a TaqMan microRNA reverse transcription 
kit (Life Technologies). Then, real-time PCR reactions 
were performed using standard TaqMan® PCR reagents 
and TaqMan® MicroRNA assays for hsa-miR-10b and U6 
(Life Technologies). The expression of miR-10b relative to U6 
was determined using the ∆∆Ct method.

Western blot analysis. Seventy-two hours after transfec-
tion, nucleic and cytoplasmic proteins were collected using 
NE-PER™ Nuclear and Cytoplasmic Extraction Reagent 
(Pierce, Thermo Fisher Scientific Inc., Rockford, IL, USA). 
Equal amounts of protein sample were separated by 4-12% 
Nu-PAGE and transferred to PVDF membranes by electrob-
lotting. The primary antibodies used were anti-HOXD10 
(ABE128; Millipore, Billerica, MA) and anti-MMP14 (ab3644; 
Abcam, Cambridge, MA, USA), both diluted in immunoreac-
tion enhancer solution (Can Get Signal Solution1, Toyobo, 
Osaka, Japan). We also used primary antibodies against RhoC 
(#3430; Cell Signaling, Beverly, MA, USA), GAPDH (Clone 



INTERNATIONAL JOURNAL OF ONCOLOGY  43:  63-71,  2013 65

1D4; Covance, Princeton, NJ, USA) and lamin B (sc-6217; 
Santa Cruz Biotechnology, Santa Cruz, CA, USA). Signals 
were detected using an ECL Prime Western Blotting Detection 
kit (GE Healthcare, Buckinghamshire, UK) and ChemidDoc 
XRS (Bio-Rad Laboratories, Hercules, CA, USA). The inten-
sity of the detected signals was measured by using Image J 
(freely available java-based public-domain image processing 
and analysis program developed at the National Institutes of 
Health).

In  vitro migration and invasion assays. For Transwell 
migration assays, 2.5-5x104 cells were placed in the top 
chamber on a non-coated membrane (24-well insert; pore 
size, 8 µm; BD Bioscience, San Jose, CA, USA). For inva-
sion assays, 2.5-5x104 cells were placed in the top chamber 
on a Matrigel‑coated membrane (24-well insert; pore size, 
8 µm; BD Bioscience). In both assays, the cells were placed 
in medium containing 1% FBS, and medium supplemented 
with 20% FBS was used as a chemoattractant in the lower 
chamber. The cells were incubated for 72 h, and those that 
did not migrate or invade through the pores were removed 
with a cotton swab. Cells were fixed with methanol, stained 
with DAPI (Dojindo Laboratories, Kumamoto, Japan) and 
counted. Individual experiments had triplicate inserts, and five 
randomly selected fields were counted per insert.

Immunohistochemistry. Four-micrometer-thick sections 
were cut from formalin-fixed, paraffin-embedded samples, 
and stained with hematoxylin and eosin. Serial sections were 
stained using the avidin-biotin system and antigen retrieval 
methods on a Ventana automated immunostainer with the 
Ventana immunohistochemistry detection system (Ventana 
Medical Systems, Tucson, AZ, USA), in accordance with the 
manufacturer's manual. The primary antibody used for MMP14 
immunostaining was a rabbit polyclonal anti-MMP14 antibody 
(Abcam), and for HOXD10 immunostaining a mouse mono-
clonal anti‑HOXD10 antibody (Santa Cruz Biotechnology). 
Quantitative comparative analysis of immunohistochemical 
staining was carried out in each case. Two independent 
pathologists performed quantitative assessment of immunohis-
tochemical staining. For HOXD10, staining in nuclei was graded 
as follows: 0, no immunoreactive cells evident; 1, proportion of 
immunoreactive cells <20%; 2, 20-70%; 3, >70%. For the final 
estimation of HOXD10 immunoreactivity, patients with a score 
of 0/1 were considered negative, and those with a score of 2/3 
as positive. MMP14 imunoreactivity was graded according to 
the number of immunoreactive cells (proportion score) and 
staining intensity (intensity score). In brief, proportion scores 
were graded as follows: 0, no immunoreactive cells evident; 
1, <20%; 2, 20-70%; 3, >70%. Intensity scores were graded as 
follows: 0, no immunoreactivity; 1, staining intensity weak; 2, 
intermediate; and 3, strong. The finally estimated immunore-
activity was considered negative if the sum of the proportion 
and intensity scores ranged from 0 to 3 and positive if the sum 
ranged from 4 to 6.

Statistical analysis. Data were analyzed by the Mann‑Whitney 
U  test for non-parametric samples or Fisher's exact test. 
Differences at p<0.05 were considered to be statistically 
significant.

Results

Expression of miR-10b, HOTAIR and HOXD10 protein in 
ovarian cancer cell lines. We first examined the expression 
of miR-10b and HOTAIR in 8 ovarian cancer cell lines and 
RNAs extracted from human normal ovary (Fig. 1A and B). 
The expression level of both ncRNAs varied among the cell 
lines. Gain of miR-10b was observed in 2 cell lines (JHOM1 

Figure 1. Quantitative results for miR-10b, HOTAIR and HOXD10 protein 
expression in epithelial ovarian cancer cell lines and/or normal ovary. Relative 
expression of (A)  miR-10b and (B)  HOTAIR in comparison with RNA 
extracted from normal ovary (NO) was evaluated by real-time quantitative 
PCR. (C) Quantification of HOXD10 protein expression using western blot 
analysis is presented as a ratio relative to the expression level of JHOM1.
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and JHOC7) in comparison with normal ovary (Fig.  1A). 
Overexpression of HOTAIR was observed in 4 cell lines 
(JHOS2, JHOS4, JHOC8 and OVCAR3) in comparison with 
normal ovary (Fig. 1B). We examined the correlation between 
the expression level of miR-10b and/or HOTAIR, and HOXD10 
protein (Fig. 1C) in these cell lines, but no significant relation-
ship between the expression of ncRNAs and HOXD10 protein 
was evident.

Next, using a cell biological approach, we investigated 
whether ovarian cancers showed an inverse correlation between 
the expression of miR-10b and/or HOTAIR, and HOXD10 
protein, which has been proven previously in other tumors.

Overexpression of precursor miR-10b in ovarian cancer cell 
lines. Overexpression of precursor miR-10b induced a decrease 
of HOXD10 protein in the ovarian cancer cell lines JHOM1 and 
JHOC8 (Fig. 2A). We also examined cytoplasmic extracts for 
expression of MMP14 and RHOC protein. A significant increase 
of both proteins was observed in each cell line (Fig. 3). In these 
cells, both migration and invasion activities were markedly 
upregulated 72 h after transfection, in comparison with the 
controls (Fig. 2B).

We used a locked nucleic acid (LNA; Exiqon, Vedbaek, 
Denmark) approach to knockdown miR-10b in cells (JHOM1 

Figure 2. Expression of HOXD10 protein and results of in vitro migration and 
invasion assays of ovarian cancer cell lines after induction of pre‑miR‑10b 
oligonucleotides. (A) MiR-10b was overexpressed by introducing pre‑miR‑10b 
oligonucleotides into JHOM1 and JHOC8, and it decreased the expression 
of HOXD10 in both cell lines. (B) Induction of pre-miR-10b significantly 
increased the migration/invasion activity of JHOM1 and JHOC8.

Figure 3. Expression of MMP14 and RHOC proteins in ovarian cancer cell lines 
after induction of pre-miR-10b oligonucleotides. Induction of pre‑miR‑10b also 
increased expression of MMP14 and RHOC in JHOM1 and JHOC8.
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and JHOC8) showing relative overexpression of miR-10b, but 
this failed to upregulate HOXD10 protein expression in these 
cell lines (Fig. 4).

Knockdown of HOTAIR in ovarian cancer cell lines. Next, we 
tested the knockdown efficiency of HOTAIR expression using 
siRNAs (no. 1, 2 and 3). Only si-HOTAIR no. 1 was able to 
achieve significant downregulation of HOTAIR expression 
by 80% in comparison with the control siRNAin JHOS4 cells 
(Fig. 5). We then treated JHOS4 and OVCAR3, which express 

high levels of HOTAIR, with si-HOTAIR no. 1. No significant 
upregulation of HOXD10 protein expression was observed in 
either of the cell lines after treatment with HOTAIR siRNA 
(Fig.  6A). But, knockdown of HOTAIR was significantly 
induced decreasing of only cell migration activity of JHOS4 
(Fig. 6B). Although both cell lines showed a tendency for 
decreased migration and/or invasion activities, the difference 
was not significant relative to that achieved with control siRNA 

Figure 4. Relative expression levels of HOXD10 protein in two ovarian cancer 
cell lines transfected with miRCURY LNA inhibitor targeting miR‑10b. 
HOXD10 protein levels did not increase after transfection with miRCURY 
LNA inhibitor targeting miR-10b.

Figure 5. Relative levels of HOTAIR in ovarian cancer cell lines after trans-
fection with siRNA targeting HOTAIR (three individual duplexes). Only 
si-HOTAIR no. 1 was able to achieve significant downregulation of HOTAIR 
expression by 80% in comparison with the control siRNA in JHOS4 cells.

Figure 6. Expression of HOXD10 protein and results of in vitro migration and 
invasion assays of ovarian cancer cell lines after knockdown of HOTAIR. 
(A) The siRNA treatment did not alter HOXD10 expression in either ovarian 
cancer cell line (showing relative overexpression of HOXD10). (B) Knockdown 
of HOTAIR significantly induced a decrease of cell migration activity of 
JHOS4. Although a tendency for a decrease of migration and/or invasion activi-
ties was found in both cell lines, it was not statistically significant.
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(Fig. 6B). Therefore, we concluded that the decrease of the 
migration and invasion activities resulting from treatment with 
HOTAIR siRNA might not be attributable to alterations of 
HOXD10 protein.

Immunohistochemistry for HOXD10 and MMP14 proteins and 
its relationship with miR-10b expression. We next investigated 
miR-10b expression in primary ovarian cancers. As in vitro 
data had suggested that upregulation of miR-10b expression had 
induced a decrease of HOXD10 protein expression followed 
by overexpression of MMP14, we immunohistochemically 
examined the expressions of HOXD10 and MMP14, and also 
miR-10b, using real-time quantitative PCR in 68 patients with 
primary ovarian cancer.

In normal ovaries, positive immunoreactivity for HOXD10 
protein was observed in the nuclei of mesothelial surface lining 
cells, while MMP14 was negative (Fig. 7A and B). Positive 

signals for HOXD10 and MMP14 proteins were observed in 
47 (69%) and 25 (37%) of 68 patients. A significant inverse 
correlation between immunoreactivity of HOXD10 and 
MMP14 was observed (Fig. 7C-F, Table I). We also examined 
the correlations between HOXD10 and/or MMP14 immunore-

Table I. Immunohistochemistry for HOXD10 and MMP14 in 
68 ovarian cancers.

	 MMP14
	 -------------------------------------------------------
	 Positive	 Negative	 P‑value

HOXD10
  Positive	 12	 35			   0.005
  Negative	 13	   8

Figure 7. Immunohistochemistry for HOXD10 and MMP14 proteins in normal ovary and ovarian cancers. Positive immunoreactivity for HOXD10 protein was 
observed (A) in the nuclei of normal ovary mesothelial surface lining cells, whereas MMP14 was negative (B). The immunoreactivities of HOXD10 and MMP14 
(C-F) were inversely correlated in the two ovarian cancers. Scale bar, 20 µm.
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activity and clinicopathological parameters in the patients, but 
no significant relationship was found (Table II). However, as 
48 (70%) of the 68 studied patients had stage I/II cancer, and 
various histological subtypes of ovarian cancer were included, 
some bias was probably present, making them unsuitable for 
statistical evaluation. The expression level of miR-10b was 
inversely correlated with HOXD10 protein expression (Fig. 8A), 
but not with MMP14 expression (Fig. 8B).

Discussion

Many studies have investigated the association between 
miRNA alterations and the biological characteristics of ovarian 
cancer, and several candidate miRNAs have been nominated 
(32-39). These miRNAs hold promise for the detection of early-
stage ovarian cancer, evaluation of prognosis/drug resistance, 
and development of targeted cancer treatment. In vitro and 
in vivo studies have suggested that miR-7 (34,38), miR-21 (38), 

miR-34 (40,41), miR-22 (39), and miR-429 (members of the 
miR-200 family) (37) may directly and/or indirectly control the 
expression of metastasis-associated genes related to invasion/
migration and epithelial-mesenchymal transition (EMT). The 
present study newly highlighted miR-10b as a novel inducer of 
metastasis in ovarian cancers.

As mentioned in the introduction, miR-10b is a strong 
inducer of metastasis in breast cancer cells (18), and is also one 
of the most upregulated miRNAs in human pancreatic adenocar-
cinomas (42,43) and glioblastomas (24,44-46), which are both 
highly metastatic and/or invasive cancers. miR-10b suppresses 
the synthesis of the HOXD10 protein, permitting expression of 
the pro-metastatic gene products RHOC urokinase plasminogen 
activator receptor (uPAR), α3-integrin, and MMP14 (18,25). In 
addition, TWIST, a wel-known transcriptional factor related to 
EMT, activates the transcription of miR-10b by binding directly 
to an E-box sequence proximal to its putative promoter (18). 
Although miR-10b does not trigger EMT by itself, it might be 

Table II. Correlation between HOXD10 or MMP14 immunoreactivity and clinicopathological factors in 68 patients with ovarian 
cancer.

	 HOXD10	 MMP14
	 -----------------------------------------------------------------------------------------	 -----------------------------------------------------------------------------------------
Factor	 Positive	 Negative		  Positive	 Negative
	 (n=47)	 (n=21)	 P‑value	 (n=25)	 (n=43)	 P‑value

Age	 53.6	 55		  52.32	 55.18
	 (25-80)	 (34-80)		  (34-80)	 (25-80)
Stage
  I	 32	 12	 0.353	 18	 26	 0.244
  Other	 15	   9		    7	 19
Histology
  Serous	 12	   9	 0.955	   9	 12	 0.592
  Other	 35	 12		  16	 31
Node status
  Positive	   6	   3	 0.557	   3	   6	 0.647
  Negative	 36	 17		  21	 32
  Not done	   5	   1		    1	   5

Figure 8. Relationship between miR-10b expression and immunohistochemical expression of HOXD10 and MMP14 in 68 ovarian cancers. (A) An inverse 
correlation between miR-10b and HOXD10 immunoreactivity was observed, (B) but no such correlation was evident for MMP14.
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required for TWIST-induced cell motility and invasiveness in 
ovarian cancer cells (18).

Evidence for a significant role of HOTAIR in metastasis 
of several malignancies has been increasing. Since Gupta 
et al (26) first documented that loss of HOTAIR can inhibit 
the invasiveness of cancer cells, particularly those possessing 
excessive PRC2 activity, similar evidence has been detected 
not only in breast cancer (47) but also gastrointestinal stromal 
tumors  (48), and colorectal  (49) and hepatocellular carci-
nomas (50). HOTAIR reprograms the chromatin state, causing 
increased PRC2 occupancy on promoters of genes, including 
HOXD10 (26), inhibiting breast cancer progression. In the 
present study, although we failed to demonstrate that HOTAIR 
can repress HOXD10 expression in ovarian cancer, and did 
not examine the promoter status of HOXD10, knockdown of 
HOTAIR appeared to decrease the migration/invasion activity 
of ovarian cancer cells (Fig. 6B). The effect of HOTAIR on 
invasion and migration might be exerted via pathways other 
than HOXD10, such as MMP9 and VEGF (50).

Targeting of metastasis-promoting miRNAs is emerging 
as a novel therapeutic strategy for cancer treatment. The effect 
of the miR-10b antagomir has been reported in a 4T1 mouse 
mammary tumor metastasis model (51,52). Administration of 
miR-10b antagomirs to mice bearing highly metastatic cells 
does not reduce primary mammary tumor growth, but blocks 
dissemination of cancer cells from the primary tumor (52).

Because the miR-10b antagomir would prevent metastatic 
intraperitoneal dissemination, it would be worth investigating 
whether it can be added as a prophylactic therapy for patients 
with early-stage ovarian cancer. Moreover, further studies using 
clinical samples would be warranted to clarify whether quan-
tification of miR-10b in intraperitoneal fluid and/or peripheral 
blood would be applicable as a biomarker of intraperitoneal 
dissemination of ovarian cancers.
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