
Abstract. Background/Aim: Although microRNAs (miRNAs)
are known to influence messenger RNA post-transcriptional
control and contribute to human tumorigenesis, little is
known about the differences in miRNA expression between
primary and recurrent epithelial ovarian cancer (EOC). The
purpose of this study was to assess the differential miRNA
expression between primary and recurrent EOC and to
investigate whether miR-196b could regulate the expression
of the Homeobox A9 (HOXA9) gene, and thus affect the
invasiveness of cancer cells in recurrent EOC. Materials and
Methods: Microarrays were used to generate the expression
profiles of 6658 miRNAs from samples of 10 patients with
EOC. miRNA expression patterns were compared between
primary and recurrent EOC. Aberrantly expressed miRNA,
associated genes, and invasion activities were validated by
a luciferase assay and an in vitro invasion assay. Results:
miRNA microarray analysis identified 33 overexpressed
miRNAs (including miR-196b) and 18 under expressed
miRNAs in recurrent EOC from 6658 human miRNAs.
HOXA9 expression was inversely correlated with miR-196b
levels in recurrent EOC. We noted that miR-196b induced

ovarian cancer cell invasiveness in recurrent EOC by an in
vitro invasion assay. Conclusion: Overexpression of miR-
196b may contribute to invasion activities in recurrent EOC
by regulating the HOXA9 gene. Moreover, miR-196b can be
a potential biomarker in recurrent EOC.

Epithelial ovarian cancer (EOC) is the most lethal of all
gynecological cancers, the fourth leading cause of cancer-
related deaths in women in the United States, and the fifth
most common malignancy in women in developed countries
(1). In general, less than half (45%) of EOC patients can
survive for more than five years after the initial diagnosis
(2). The poor survival from EOC is due to the high
percentage of patients diagnosed at an advanced stage, who
often develop resistance to combined chemotherapy and
show substantially poor prognosis. 

Most patients with EOC are treated with platinum- and
taxane-based chemotherapy. Although initial treatment is
successful for 80-90% patients, most responders eventually
acquire resistance to a wide range of chemotherapeutic
agents. Prediction of patients that respond to a distinct
therapy would help to optimize tailored treatment. 

MicroRNAs (miRNAs) are small (~22 nucleotides) non-
coding RNAs that regulate gene expression at the transcriptional
and/or post-transcriptional levels (3). These molecules typically
reduce the translation and stability of messenger RNA (mRNA),
including that of genes mediating processes in tumorigenesis
such as inflammation, cell cycle regulation, stress response,
differentiation, apoptosis, and invasion. miRNA targeting is
initiated through specific base-pairing interactions between the
5’ end ("seed" region) of the miRNA and sites within the coding
and untranslated regions (UTRs) of mRNAs; target sites in the
3’-UTR lead to more effective mRNA destabilization (4).
miRNAs play a role in the tumorigenic process and are potential
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therapeutic targets and novel biomarkers in most human
cancers. Moreover, numerous miRNA profiling studies in EOC
have identified miRNAs associated with chemotherapy
resistance and disease progression (5-8). However, little is
known about the differences in miRNA expression between
primary and recurrent EOC. Previously, we reported aberrant
miRNA expression in recurrent EOC compared to that in
primary EOC. To understand the biology of recurrent ovarian
cancer, we examined the expression of 6658 miRNAs in both
primary and recurrent EOC samples. Among 6,658 human
miRNAs, 33 miRNAs were overexpressed and 18 miRNAs
were under expressed in recurrent EOC (9). 

The purpose of this study was to investigate the
expression level of miRNAs in recurrent EOC and to
examine the expression levels of key components of the
miRNA processing machinery.

Materials and Methods
Patients and tissue samples. Between September 2013 and May 2014,
tumor tissue specimens were obtained from 10 Korean patients with
EOC (primary EOC, n=5; recurrent EOC, n=5) who underwent
surgery at the Kyungpook National University Medical Center, Daegu,
Korea. Histopathologic diagnoses were established using the World
Health Organization criteria, and the tumor histotype was determined
as serous cystadenocarcinoma in all patients. The primary and
recurrent EOC cases were different patient populations. The 5 patients
with recurrent EOC had received at least 6 cycles of platinum-based
combination chemotherapy (paclitaxel plus carboplatin). Tissue
specimens were obtained during surgery, and they were rapidly frozen
in liquid nitrogen and stored at −80˚C until analysis. Tissue samples
were histologically confirmed by hematoxylin-eosin staining. The
Institutional Review Board approved the study protocol, and written
informed consent was obtained from all patients.

miRNA microarray. Total RNA (2 μg) was extracted from the
transduced cells using Trizol and the RNeasy Miniprep kit
(Qiagen, Hilden, Germany) according to the manufacturers’
protocols. The RNA quality was verified with the Agilent RNA
Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA).
Biotinylated cRNA was amplified using double in vitro
transcription in accordance with the Affymetrix small sample
labeling protocol VII (Affymetrix, Santa Clara, CA, USA). Total
RNA was then hybridized onto an Affymetrix GeneChip® miRNA
4.0 as per standard protocols of the provider. Fluorescence
intensities were quantified and analyzed using the Genechip
operating software (Affymetrix). Raw data were normalized by the
Robust Multi-array Average (RMA) method to remove systematic
variations. Briefly, RMA corrects raw data for background by
using a formula based on normal distribution and uses a linear
model to estimate values on a log-scale. Transcripts whose log-
transformed expression ratios differed by at least two-folds
between recurrent and primary EOC tissues, were identified. 

Cell culture and growth conditions. Ovarian cancer cell lines SK-OV-
3 and 293T were purchased from American Typical Culture
Collection (ATCC®, HTB-77™, CRL-3216™, respectively,
Manassas, VA, USA) and were maintained in DMEM (high glucose)

(Gibco®, Rockville, MD, USA) with 10% fetal bovine serum (FBS)
and antibiotics (penicillin 100 units/ml and streptomycin 100 mg/ml). 

Construction of plasmid and luciferase assay. To investigate
whether miR-196b modulates HOXA9 expression by binding its 3’-
UTR, a luciferase assay was performed using psiCHECK2 plasmid
containing the HOXA9 3’-UTR. The 1,035 bp fragment of HOXA9
3’-UTR was synthesized by PCR and cloned into a dual luciferase
vector, psiCHECK2 (Promega, Madison, WI, USA). The forward
primer with a XhoI restriction site (5’-CCA CTC GAG AAA GAA
CTG TCC GTC CCC CT-3’) and the reverse primer with the NotI
restriction site (5’-CCA GCG GCC GCG GTC AGT AGG CCT
TGA GGT AAC-3’) were used to amplify the HOXA9 3’-UTR
region. The correct sequence of the clone was verified by DNA
sequencing. The 293T cells were seeded in 12-well plates in DMEM
supplemented with 10% heat-inactivated FBS and then transfected
with psiCHECK2-HOXA9 constructs containing the 3’-UTR of
HOXA9, in the presence of a miR-196b mimic or scrambled
miRNA (Ambion) using the Effectene (Qiagen, Hilden, Germany)
transfection reagent. The cells were harvested at 48 hours after
transfection and the cell lysates were prepared according to
Promega instruction manual. Renilla luciferase activity was
measured using a Lumat LB953 luminometer (EG & G Berthhold,
Bad Wildbad, Germany), and the results were normalized using
luciferase activity. All experiments were performed in triplicate.

In vitro invasion assays. The invasion assay was performed in
triplicate using 48-well microchemotaxis chambers (Neuro. Probe,
Inc., Gaithersburg, MD, USA) with 8-μm pore membranes (Neuro.
Probe, Inc., Gaithersburg, MD, USA) pre-coated with 10 μg/ml
Matrigel (BD Bioscience). SK-OV-3 cells (1×104) in 50 μl of
serum-free medium were seeded in the upper chamber, and the
lower chamber was filled with 26-27 μl medium containing 10%
FBS. After incubation for 24 h at 37˚C, cells that migrated to the
lower surface of the membranes were stained with a Diff-Quick kit
(Sysmex, Kobe, Japan) and then counted under a microscope. The
chambers were stained with 0.2% crystal violet and analyzed by
photography. The migration assay was performed with the same
procedure using membranes coated with 5 μg/ml collagen IV
(TRAVIGEN, Gaithersbug, MD, USA).

Statistical analysis. For Genechip microarray analysis, statistical
comparisons were made using the Student’s t-test. Differentially
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Figure 1. Relative Renilla luciferase activity.



expressed miRNAs between primary and recurrent EOC were
detected through the t-test and data were considered statistically
significant when p<0.05.

Results
Selection of biomarkers of recurrent EOC. In the
Affymetrix miRNA 4.0 analysis, 4 miRNAs including miR-
551b, miR-19b, miR-196b, and miR-3198, were
significantly overexpressed in recurrent EOC from among
6,658 human miRNAs. We chose miR-196b for further
studies because it was suggested to be a potential marker
in patients with lung adenocarcinoma (10) and in gastric
and oral cancer (11, 12). However, the role of miR-196b in
EOC is not fully investigated. The result of the microarray
analysis showed that miR-196b transcription level was
significantly higher in recurrent EOC than that in primary
EOC. The expression level of miR-196b was 138.5
(average score) in recurrent EOC and 6.5 (average score)
in primary EOC (p=0.031). 

Repression of HOXA9 transcription by miR-196b. To identify
a direct target gene of miR-196b, we searched public
databases such as TagetScan and then selected HOXA9 from
the top 10 target genes including HOXA7, HOXC8, SMC3,
SLC9A6, HOXA9, HMGA2, CTBS, ZMYND11, C1arf88, and
COL16A1. In the female reproductive system, HOXA9,
HOXA10, HOX11, and HOXA13 are expressed along the
Müllerian duct axis (13). Especially, HOXA9 is expressed in

the fallopian tubes and has a functional role in normal
development and in adult tissues, as well as in cancer (14).
Therefore, HOXA9 might be a candidate target of miR-196b.
To verify whether miR-196b could regulate the HOXA9
gene directly, we generated a Renilla luciferase reporter
plasmid cloned downstream of the HOXA9 3’-UTR
containing the putative miR-196b binding sequences, which
was predicted to contain two binding sites, position 940-959
bp and 1973-1995 of HOXA9 3’-UTR. The constructs were
then co-transfected into 293T cells along with miR-196b, or
scrambled miRNA, and Renilla luciferase activity was
measured after 48 h. As shown in Figure 1, Renilla activity
with the miR-196b mimic was significantly lower than that
with scrambled miRNA (p=0.003). This suggests that miR-
196b represses HOXA9 transcription by directly binding to
its 3’-UTR.

Induction of cancer cell invasion by miR-196b. To
determine whether miR-196b has an effect on ovarian
cancer progression, an invasion assay was performed with
SK-OV-3 ovarian cancer cells in vitro. miR-196b was
significantly overexpressed in recurrent EOC. The miR196b
mimic and scrambled miRNA were transfected into SK-OV-
3 ovarian cancer cells. The invasion assays indicated that
overexpression of miR-196b could significantly induce
invasiveness in SK-OV-3 cells (Figure 2), suggesting that
HOXA9 might be involved in inhibiting aggressive behavior
in recurrent EOC.
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Figure 2. Increased SK-OV-3 cell invasion by miR-196b transfection. (A) Crystal violet (0.2%) staining of invading cells in the upper chamber. (B)
Number of invading cells.



Discussion

Management of EOC has improved over the last 20 years due
to effective surgery and optimized combinational
chemotherapy, i.e. platinum-based drugs combined with
taxanes (15). However, the overall cure rate is only 30%. The
issues of tumor recurrence, drug resistance, enhanced
invasion, and metastasis remain a challenge in the treatment
and clinical management of EOC. While existing therapies
are considered relatively effective in the treatment of ovarian
tumors, mesenchymal/stem cell-like metastasizing EOC cells
are generally resistant to these therapies and are considered
largely responsible for EOC recurrence (16-18). Several
miRNAs are involved in response to chemotherapy. Low
levels of miR-200c have been associated with a mesenchymal
phenotype and may thus be associated with chemoresistance
(19). Furthermore, low levels of miR-199a may be a reliable
predictor for chemoresistance in recurrent tumors (7). These
miRNAs can affect the response to chemotherapeutic drugs
and might have both prognostic, as well as predictive value.
However, the mechanism of tumor recurrence and
chemoresistance in EOC remains poorly understood.
Moreover, only a few studies have reported the differential
miRNA profiles between primary and recurrent EOC. Laios
et al. demonstrated that miR-9 and miR-223 could be of
potential importance as biomarkers in recurrent EOC (20). 

To understand the biology of recurrent EOC and evaluate
recurrent EOC-specific biomarkers, we investigated the
expression of miRNAs in primary and recurrent EOC.
Among the overexpressed miRNAs, miR-19b has a role in
oncogenic progression via targeting TP53 (11, 21, 22). miR-
551b and miR-3198 were poorly discovered with
tumorigenesis. miR-196b was demonstrated to have
oncogenic functions in many cancers except ovarian cancer.
miR-196b promotes invasiveness in oral cancer through the
NME4-JNK-TIMP1-MMP signaling pathway (11), and miR-
196b overexpression in gastric cancer was correlated with
poor prognosis (23).

The homeotic or HOX genes share a common 120 base pair
DNA sequence or the homeobox, which encodes a 61-amino
acid peptide called the homeodomain. HOX genes are
involved in the development of various cancers. HOX genes
act not only as transcriptional activators in cancers but also as
transcriptional repressors. Thus, both up-regulation and down-
regulation of the members of the HOX family of transcription
factors appear critical for the promotion of tumorigenesis (24).
Aberrant expression of HOX genes has been reported in
various cancers including EOC. Ko et al. reported that
HOXA9 stimulated the ability of EOC cells to attach to
peritoneal cells and to migrate. Thus, HOXA9 contributes to
poor outcomes by promoting intraepithelial dissemination via
induction of P-cadherin (25). However, HOXA9 was
expressed at lower levels in cancerous tissues compared to

normal tissues in the context of breast cancer (26). Recent
review articles demonstrated that HOX genes are essential
regulators of tissue identity and drive tumorigenesis and
progression through their involvement in regulating processes
such as differentiation, proliferation, adhesion, migration, and
apoptosis in EOC (27). Our data revealed that HOXA9 down-
regulation led to invasiveness by miR-196b in EOC. Thus, it
is not yet known whether HOXA9 functions as an oncogene
or as a tumor suppressor, and its role in ovarian tumorigenesis
and progression is not yet identified. Genomic analysis of
tumors from large cohorts of EOC patients with documented
treatment and outcome data are needed to further elucidate the
mechanisms underlying HOX gene dysregulation, establish
their functional prognostic and predictive roles in EOC
development, and replicate previous clinical findings.

In the present study, 21 miRNAs were overexpressed and
16 miRNAs were under expressed in recurrent EOC.
HOXA9 was directly regulated by miR-196b through
binding of its 3’-UTR. miR-196b was overexpressed in
recurrent EOC and induced ovarian cancer cell invasiveness.
Based on these data, miR-196b can be used a biomarker
predicting EOC recurrence. HOXA9 plays a central role in
controlling the aggressive behavior of recurrent EOC. 
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