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Abstract: Objective: Overexpression of MicroRNA-196a (miR-196a) has recently been reported in different types of
human cancers. However, the prognostic value of miR-196a in ovarian carcinoma remains unknown. In this study,
we investigated the expression of miR-196a in ovarian carcinoma and its relationship with tumor progression and
clinical prognosis. Methods: The expression level of miR-196a was examined by quantitative Real-time PCR (qRT-
PCR) in surgically removed ovarian cancer tissues and ovarian cancer cell lines. The correlation between miR-196a
expression and clinical features and prognosis were statistically analyzed. Results: The results showed that the
miR-196a expression was significantly upregulated in tumor tissues and ovarian cancer cell lines compared with
that in normal ovarian surface tissues and normal ovarian epithelial cells. Moreover, miR-196a expression was
positively correlated with FIGO stage (P <0.001), tumor size (P =0.020), and lymph nodes metastasis (P =0.019).
Kaplan-Meier analysis demonstrated that high levels of miR-196a expression was associated with poorer overall
survival (P <0.001) and recurrent-free survival (P =0.003), especially in patients with advanced disease (P =0.002).
Multivariate analysis suggested that miR-196a expression was an independent prognostic factor for overall survival
of patients with ovarian carcinoma. Conclusions: In conclusion, miR-196a may play an important role in the progres-
sion of ovarian carcinoma, and could be used as an independent prognostic biomarker for patients with ovarian
carcinoma.
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Introduction

Ovarian cancer is the second most common
gynecologic malignancy among women and is
the fourth leading cause of cancer-related
deaths among women [1]. Despite significant
improvements have been achieved in the diag-
nostics and treatment strategies including sur-
gery, chemo-radiotherapy, targeted therapy,
and multidisciplinary treatments, the clinical
outcome of ovarian cancer patients is still very
poor, with an overall 5 year survival rate of less
than 50% from the time of diagnosis [2].
Furthermore, due to the lack of early symp-
toms, ovarian carcinoma is usually diagnosed
at an advanced metastatic stage when the sur-
vivability of the patient is seriously compro-
mised [3]. Therefore, it is necessary to develop
novel and reliable biomarker to evaluate the
prognosis and efficacy of therapeutic strate-
gies for ovarian cancer.

MicroRNAs (miRNAs) are small noncoding RNA
molecules of approximately 16-22 nucleotides
that regulate expression of their target gene by
inhibiting mMRNA translation or inducing mRNA
cleavage [4]. Although the precise functions of
miRNAs are limited, it has been revealed that
miRNAs play crucial roles in a variety of biologi-
cal processes, including cell proliferation, dif-
ferentiation, morphogenesis, embryo develop-
ment, and apoptosis [5-7]. In recent years,
numerous studies have implicated that certain
miRNAs are aberrantly expressed in human
cancers, and that dysregulation of miRNAs is
associated with carcinogenesis and tumor
development. In particular, miRNAs may func-
tion as oncogenes or tumor suppressors
depending on the functions of their targets [8].

Increasing evidence reveals that miR-196a
plays an important role in cell proliferation and
tumor progression. However, the expression
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Figure 1. miR-196a expression is increased in ovarian cancer tissues and cell lines. A. The expression of miR-196a
in 10 paired 10 pairs of ovarian cancer and normal human ovarian tissues. MiR-196a expression was normalized by
UG expression. Bars represent the means of three independent experiments. B. Real-time PCR analysis of miR-196a
expression in normal ovarian epithelial cells (NOEC) and ovarian cancer cell lines (SKOV3, OVCAR-3, ES-2, HO8910,

MCV152, A2780, and CAOV-3). *P <0.05.

Table 1. Correlation between miR-196a expression with

clinicopathologic features of EOC

patients who underwent surgery at
Cangzhou Central Hospital of Hebei

miR-196a level Medical University between January

Parameters Category  No- L low 2004 and December 2007. None of
Age (y) <50 57 30 27 0.658 these patients had received chemo-
>50 89 43 45 radiotherapy before surgery. For all

FIGO stage I 62 9 53 <0.001 cases, EOC specimens were dissected
Y 84 64 20 from the resected tumqrs, and non-

Differentiation 1/2 o7 45 52 0.220 tumor tissues .were obtained from the
normal-appearing ovary removed from

) 3 49 28 21 patients. All resected 146 EOC tissues,

Tumor size <5cm 64 25 39 0020 10 paired EOC, and corresponding nor-
>5cm 82 48 34 mal ovarian surface tissue specimens

Histological type ~ Serous 78 41 37 0.859 were immediately frozen in liquid nitro-
Endometrioid 48 22 26 gen after surgical removal and stored at

Mucinous 13 7 6 -80 degree until analysis. The speci-

Clear cell 7 3 4 mens were stained with hematoxylin

LN Metastasis No 119 54 65 0.019 and eosin and examined histopathologi-
Yes 27 19 8 cally. The present study was approved

pattern and clinical significance of miR-196a in
ovarian cancer remain unknown. In the present
study, we investigated the expression levels of
miR-196a in epithelial ovarian cancer (EOC)
and ovarian cancer cell lines. We also assessed
the relationship between miR-196a levels and
clinicopathologic features of EOC. Moreover, we
evaluated its relation with clinical prognosis of
patients.

Materials and methods

Patients and clinical samples

All tumor and matched normal ovarian surface
tissue samples were obtained from 156 EOC
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by the Institutional Review Board of

Cangzhou Central Hospital. Written
informed consent was obtained from all the
members who participated in this study.

Cell lines

Primary normal ovarian epithelial cells (NOEC),
obtained from normal ovaries, were cultured in
Ham’s F-12 (Gibco, NY) supplemented with
20% fetal calf serum (Gibco, NY) and antibiot-
ics (120 mg/ml streptomycin and 120 mg/ml
penicillin). Ovarian cancer cell lines (SKOV3,
OVCAR-3, ES-2, HO08910, MCV152, A2780,
CAOV-3) were grown in the DMEM medium
(Invitrogen) supplemented with 10% fetal
bovine serum (HyClone, Logan, UT) and 1%
penicillin/streptomycin (Invitrogen).
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Figure 2. Correlation between expression levels of miR-196a and patients’ survival. Patients with higher miR-196a
expression were closely correlated with poorer overall (A) and recurrence-free survival (B) than patients with tumor
with lower miR-196a expression. (C, D) Overall survival in relation to the miR-196a status in stage I-1l (C) and stage

-V (D) patients.

Quantitative real-time reverse transcriptase-
PCR

Total RNA was extracted from cultured cells
and frozen ovarian cancer tissues using Trizol
reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions. All of the
manipulations of the RNA were carried out
under RNase-free conditions. The concentra-
tion and purity of RNA were measured spectro-
photometrically at 260 and 280 nm. cDNA were
generated from 1 pl total RNA using One Step
PrimeScript miRNA cDNA Synthesis Kit (Takara,
Japan) according to the manufacture’s instruc-
tions. Then, quantitative real-time PCR was per-
formed using SYBR RT-PCR kit (Takara) on an
ABI 7500 Real-Time PCR System (Applied
Biosystems, USA). U6 small nuclear RNA
(snRNA) was used as an internal control. The
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threshold cycle (Ct) is defined as the fractional
cycle number at which the fluorescence passes
the fixed threshold. The fold change of miRNA
expression was calculated using the 224t
method after normalization to U6 expression.

Statistical analysis

All statistical analyses were carried out using
the software of SPSS version 19.0 for Windows
(SPSS Inc, IL, USA). Data were expressed as
mean * SD. Student’s t test was performed to
evaluate the difference of miR-196a expres-
sion between EOC and non-tumor tissues.
Cases were divided into two groups, high or
low, using the median expression level of miR-
196a in cancer tissues as a cutoff. The Fisher’s
exact test and chi-square test were performed
to evaluate the associations between miR-
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Table 2. Multivariate Cox regression analysis of OS and RFS in EOC patients

Prognostic variables

0S

RFS

HR (95% ClI) P HR (95% ClI) P
Age (>50 vs. <50) 1.346 (0.216-4.159) 0.647 1.417 (0.257-5.247) 0.672
FIGO Stage (IlI-IV vs. I-1) 2.448 (0.813-6.276) 0.036 2.549 (0.974-7.172) 0.045
Differentiation (Grade 3 vs. 1/2) 1.245 (0.024-4.367) 0.757 1.313 (0.025-6.211) 0.424
Tumor size (>5 cm vs. <5 cm) 2.465 (1.158-5.560) 0.074 2.624 (1.160-6.720) 0.085
Histological type (Serous vs. others) 1.874 (0.365-2.172) 0.765 1.679 (0.449-1.861) 0.895
LN Metastasis (+ vs. -) 3.084 (1.155-7.831) 0.014 3.376 (1.714-8.517) 0.054
miR-196a expression (high vs. low) 2.731 (0.804-9.637) 0.025 2.432 (0.638-8.537) 0.076

196a expression and different clinicopathologi-
cal characteristics. Survival analyses were per-
formed using the Kaplan-Meier method, and
differences between curves were compared by
the log-rank test. Differences were considered
statistically significant when P was less than
0.05.

Results

Upregulation of miR-196a in human ovarian
cancer

In order to explore the role of miR-196a in the
development of ovarian cancer, we detect the
expression level of miR-196a in 10 pairs of
ovarian cancer and normal human ovarian tis-
sues by qRT-PCR assay. As shown in Figure 1A,
after normalization to U6 expression levels, the
expression level of miR-196a in EOC tissues
was significantly lower than that in normal
human ovarian tissues (median fold change of
T/NT = 6.38, P <0.05). To further characterize
the expression of miR-196a in ovarian cancer,
we performed real-time RT-PCR analyses and
found that miR-196a was markedly up-regulat-
ed to various levels in all seven ovarian cancer
cell lines examined compared with NOEC
(Figure 1B).

Relationship between miR-196a expression
and clinicopathological characteristics

To further investigate the role of miR-196a in
the development and progression of ovarian
cancer, we summarized the association
between miR-196a expression and clinicopath-
ological characteristics of EOC patients. As
shown in Table 1, miR-196a expression was
correlated with tumor stage, tumor size, and
lymph nodes metastasis. miR-196a expression
level was high in EOC patients with advanced
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stage tumors (P <0.001). In addition, high
expression of miR-196a was more frequently
detected in patients with large tumor (P
=0.020). Moreover, low expression of miR-196a
was more frequently detected in patients with
lymph nodes metastasis (P =0.019). However,
there were no significant correlations between
miR-196a expression and other clinicopatho-
logic features, such as age, histological type, or
grade.

Association of miR-196a expression with prog-
nosis of EOC patients

To evaluate the prognostic value of miR-196a
expression in EOC, survival curves were con-
structed by Kaplan-Meier method and com-
pared by the log-rank test. As shown in Figure
2, patients with higher miR-196a expression
had shorter overall (P <0.001, Figure 2A) and
recurrence-free (P =0.003, Figure 2B) survival
time than that with lower miR-196a expression.
Among patients with stage llI-IV EOC, the 5-year
overall survival rate was significantly lower in
patients with high miR-196a tumors than in
those with low miR-196a tumors (P =0.002,
Figure 2D). However, no difference was
observed in the survival of patients with stage
-l EOC according to miR-196a status (P
=0.389, Figure 2C). Multivariate analysis
showed that miR-196a expression was an inde-
pendent prognostic factor for the overall sur-
vival of EOC patients (Table 2). These results
suggested that miR-196a expression could be
used as a powerful independent prognostic
factor in EOC patients.

Discussion
Growing evidence has strongly implicated miR-

NAs have the ability to regulate a large number
of genes in cancer development, which explains
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the control of multiple critical functions, includ-
ing cancer cell proliferation, migration, and
resistance to therapeutic interventions [9].
Identification of miRNAs associated with clini-
copathological features and prognosis of can-
cer patients may underlying biologic mecha-
nisms involved in the development of human
cancer. In the present study, we investigated
the relationships between miR-196a expres-
sion and clinical features, and the prognosis of
patients with EOC. Our data suggest a critical
role of miR-196a in the progression of human
ovarian carcinoma.

Numerous studies have shown that miRNAs
may function as oncogenes or tumor suppres-
sors to regulate the expression of their down-
stream target genes at the post-transcriptional
level [10-12]. Recent, several studies have
demonstrated that miRNAs display diverse
functions in ovarian cancer, depends on indi-
vidual miRNA-mRNA pairs. Li et al. found that
miR-17-5p modulates the cell cycle progression
and apoptosis in human ovarian cancer by up-
regulating YES1 expression [13]. Feng et al.
suggested that miR-25 remarkably promotes
proliferation, migration, and invasion of ovarian
cancer cells by direct targeting large tumor sup-
pressor 2 [14]. In contrast, Ge et al. proposed
that miR-302b functions as a tumor suppressor
by targeting RUNX1 and modulating the activity
of the STAT3 signaling pathway in EOC [15]. Li
et al. reported that overexpression of miR-128
resensitized ovarian cancer cells to cisplatin
and reduced the expression of cisplatin-resis-
tant-related proteins ABCC5 and Bmi-1, where-
as miR-128 inhibitors increased cisplatin resis-
tance in tumor cells [16]. These findings under-
line the complex effects of miRNAs in EOC
development and progression. In our present
study, we showed that miR-196a was markedly
up-regulated in both ovarian cancer cell lines
and ovarian cancer specimens as compared
with normal ovarian cells and paired normal
ovarian surface tissues, respectively. These
data suggest that miR-196a play critical roles
in the pathogenesis in cervical cancer.

MiR-196a is located in the intergenic regions in
HOX gene clusters, which are major regulators
of embryogenesis and oncogenesis [17]. It has
been reported to be involved in the develop-
ment and progression of a several malignant
tumors, including breast cancer, leukemia,
colorectal cancer, and cervical cancer [18-21].
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Here, we associated clinicopathological char-
acteristics of the patients with miR-196a
expression and observed that miR-196a
expression correlated with tumor stage, tumor
size, and lymph nodes metastasis, which
strongly suggested that miR-196a is involved in
the development and progression of EOC. Our
data is supported by Huang et al., who demon-
strated that miR-196a may play a crucial role in
pancreatic cancer proliferation and migration
through its downstream target, nuclear factor-
kappa-B-inhibitor alpha [22]. Zhang et al. also
shown that miR-196a could regulates cervical
cancer cell proliferation and migration by tar-
geting netrin 4 [23]. Collectively, these studies
suggested an oncogenic role of miR-196a in
EOC.

Importantly, our study demonstrated that miR-
196a expression was significantly associated
with overall and recurrent-free survival of
patients with EOC. Kaplan-Meier analysis of
clinical survival showed that miR-196a expres-
sion was associated with poor clinical survival
of patients with EOC, especially in Stage llI-IV
patients, indicating that high miR-196a expres-
sion cells might be more aggressive and prog-
ress more quickly and less sensitive to therapy
[24]. Moreover, multivariate Cox analysis
proved that miR-196a was an independent
prognostic indicator for EOC patients. Thus,
miR-196a could be used as a marker of poor
prognosis for patients with EOC.

In summary, this is the first report demonstrat-
ing that the upregulation of miR-196a was
associated with advanced clinicopathological
features and poor prognosis of EOC, implying
that it may serve as a promising prognostic bio-
marker and potential therapeutic target for
EOC. Further studies are needed to elucidate
the function and underlying mechanism of miR-
196a in EOC.
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