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Abstract. Ovarian cancer affects females worldwide and 
is associated with poor patient prognosis. Identification of 
diagnostic biomarkers and effective therapeutic targets is vital 
for the diagnosis and treatment of ovarian cancer. Recently, 
researchers have found that microRNAs play several impor-
tant roles in carcinogenesis. The purpose of this study was to 
investigate the relationship between miR-148b expression in 
human ovarian cancer tissues and clinicopathological features. 
Seventy-seven ovarian carcinoma tissues and 17 normal ovary 
tissues were collected from the First Hospital of China Medical 
University. For quantitative detection of the expression levels 
of miR-148b, total RNA was extracted and then reverse 
transcription-polymerase chain reaction was performed. The 
relationship between miR-148b expression in ovarian cancer 
and clinicopathological features was analyzed. We found that 
miR-148b was overexpressed in 92.21% (71/77) of the ovarian 
cancer samples examined, and overexpression of miR-148b 
in ovarian cancer tissues was not associated with any of the 
clinicopathological features of patients with ovarian cancer. 
Taken together, miR-148b may be involved in the early stage 
of ovarian carcinogenesis and could be used as an efficient 
diagnostic biomarker.

Introduction

microRNAs (miRNAs) are endogenous non-coding RNAs, 
18-22 nucleotides in length, that modulate gene expression 
in a post-transcriptional manner (1). Studies have estimated 
that miRNAs are widely expressed in various species and 

tissues, which indicate that miRNAs play an important role in 
different biological processes, such as cell proliferation during 
development (2), cell growth (3), invasion (4) and apoptosis, 
as well as carcinogenesis, differentiation (5-7), biogenesis, 
transcription, signal transduction, cell cycle, neurogenesis and 
fat metabolism.

Ovarian cancer is one of the most common gynecological 
malignancies and the leading cause of death among females (8). 
Epithelial ovarian cancer, which accounts for 90% of ovarian 
cancers, is divided into several histological subgroups, such 
as serous, mucinous, endometrioid, clear cell, Brenner and 
undifferentiated carcinomas (9,10). Ovarian cancer manifests 
few symptoms in its early stage, for which trans-vaginal ultra-
sound and serum CA-125 remain poor tests for diagnosing 
the disease (11). Therefore, most patients are diagnosed at an 
advanced stage and have a 5-year survival rate of only 20-25% 
(12,13). Sensitive and specific biomarkers for the early detec-
tion of ovarian cancer are urgently required to reduce the high 
mortality of the disease. The overall 5-year survival rate can be 
improved to greater than 90% if ovarian cancer is confined to 
the ovary at the time of diagnosis.

Many miRNAs are implicated in ovarian cancers, but 
studies involving a large number of cases concerning the role 
of miR-148b in such cancers are lacking. Our previous study 
showed that miR-148b was down-regulated in gastrointestinal 
cancer (14).

Here, for the first time, we examined the expression of 
miR-148b in a large number of ovarian cancers. We found 
that miR-148b was up-regulated in cancer tissues compared 
to normal ovarian tissues. We also discussed the associations 
between increased expression of miR-148b and clinicopatho-
logical characteristics of epithelial ovarian cancer.

Patients and methods

Ethical approval of the study protocol. The present study was 
approved by the Research Ethics Committee of China Medical 
University (Shenyang, China). Written informed consent was 
obtained from all patients.

Patients. Seventy-seven ovarian cancer tissues from patients 
were collected at The First Affiliated Hospital of China 
Medical University. The median patient age was 54 years 
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(range 31-80). Tumor and normal tissue samples were freshly 
obtained from resected specimens, and included 17 samples of 
normal ovarian tissue and 77 epithelial ovarian tumors. One 
section of each specimen was stained with H&E for histo-
pathological evaluation. All tumors were staged according 
to the International Federation of Gynecology and Obstetrics 
(FIGO) standards.

Total RNA extraction. Total RNA and enrichment of small 
RNA from fresh samples was isolated using the mirVana 
miRNA Isolation kit (Ambion, Austin, TX, USA) according to 
the manufacturer's instructions, and then stored at -70˚C until 
use. Total RNA from fresh cultured cells was carried out with 
TRIzol reagent (Invitrogen, Karlsruhe, Germany) following 
the manufacturer's protocol. The concentration and purity of 
RNA were controlled by UV spectrophotometry (A260/A280 
>1.9) using a Nano-Photometer UV/Vis spectrophotometer 
(Implen, Schatzbogen, Munich, Germany).

Polyadenylation and reverse transcription-polymerase chain 
reaction (RT-PCR). Total RNA was polyadenylated with ATP 
by Escherichia coli poly(A) polymerase (E-PAP) at 37˚C for 
30 min following the manufacturer's instructions for a Poly(A) 
Tailing kit (Ambion) (15). cDNA was generated using the 
PrimeScript™ RT reagent kit (Perfect Real-Time; Takara 
Bio, Kyoto, Japan). After extraction with phenol-chloroform 
and precipitation with ethanol, RNA was dissolved in diethyl 
pyrocarbonate-treated water and reverse transcribed with the 
PrimeScript RT reagent kit (Perfect Real-Time).

Real-time PCR. Real-time RT-PCR method was used to 
assess the expression levels of miR-148b with Express SYBR® 
GreenER qPCRs supermix Universal kit (Invitrogen) on a 
Rotor-gene 6000 system (Qiagen, Valencia, CA, USA). U6 
RNA was used as an endogenous reference for normalizing 
the expression levels of miR-148b. Initially, we calculated a 
∆Ct (target-reference), which is equal to the difference between 
threshold cycles for miR-148b (target) and those for U6 RNA 
(reference). The fold-change between cancer tissues and 
normal ovary tissue control for miR-148b was calculated with 
the 2∆∆Ct method, in which ∆∆Ct = ∆Ct (target-reference in 
tumor samples) - ∆Ct (target-reference in normal samples). The 
relative expression levels of miRNAs in cancer compared to 
their non-tumorous controls were calculated using the method 
of 2-ΔΔCt (16). The value of the relative expression ratio >1.0 
was considered as high expression in cancer relative to the 
normal sample (17). Each sample was measured in triplicate 
and repeated three times. The investigators were blinded to the 
results of the clinical and pathological diagnoses.

Statistical analysis. Statistical analysis was performed using 
the Statistical Program for Social Sciences (SPSS) soft-
ware 16.0 (SPSS Inc., Chicago, IL, USA). The Student's t-test 
was used to analyze the differences in miR-148b expression 
between the tumor and normal tissues. Correlations between 
miRNA expression and clinicopathological features were 
analyzed by a non-parametric test: Mann-Whitney U test 
between two groups and Kruskal-Wallis test for three or 
more groups. P<0.05 was considered to indicate statistical 
significance.

Results

miR-148b is overexpressed in ovarian cancer tissues compared 
to normal ovary tissues. From the results of real-time quanti-
tative RT-PCR, we found that miR-148b was overexpressed in 
92.21% (71/77) of the patients with ovarian cancer compared 
to normal tissues (Fig. 1). The ∆Ct value of miR-148b in the 
cancer tissues ranged from 7.68 to 11.14, and that in normal 
tissues from 11.13 to 12.59 (Fig. 2). The average ∆Ct value 
of miR-148b in the cancer tissues was 9.41, while that in the 
normal tissues was 11.86 (P<0.001; Fig. 2).

Expression levels of miR-148b are not associated with clini-
copathological features of patients with ovarian cancer. We 
next performed a preliminary analysis to identify whether 
miR-148b expression is associated with clinicopathological 
features using a non-parametric test. No association was found 
between miR-148b expression levels and clinicopathological 
features, such as age, FIGO stage, histological subtypes and 
degree of differentiation (Table I).

We subsequently evaluated the relationship between 
miR-148b expression and the response to chemotherapy 
according to RECIST criteria. Among all 77 patients, 49 
receiving chemotherapy were followed up. Thirty-one patients 
showed complete response (CR) to chemotherapy, and 18 
progressive disease (PD); no significant difference was noted 
(Table I). We used the Kaplan-Meier estimator to evaluate 
the significance of miR-148b and short-term survival time; 
however, log-rank P-value was 0.98.

Discussion

The discovery that miRNAs are regulated at different levels 
in normal vs. malignant tissues offers the possibility of iden-
tifying new methods for diagnosing ovarian cancer at early 
stages. Iorio et al (18) analyzed 69 ovarian epithelial carci-
nomas and 15 normal ovarian tissue sections; they identified 
4 up-modulated and 25 down-modulated miRNAs. Moreover, 
this study also identified miRNAs which were correlated 
with specific ovarian cancer biopathological features, such 
as histotype, lymphovascular and organ invasion. Resnick 
et al (19) reported that miRNA-21, -29a, -92, -93 and -126 
were overexpressed in the serum of ovarian cancer patients 
compared to controls. This indicates that the serum miRNA 
levels of the patients may be used to potentially diagnose 
ovarian cancer. Additionally, miRNA-21, -92 and -93 were 
also overexpressed in patients with normal CA125 levels. 
This suggests that miRNA-21, -92 and -93 are known onco-
genes with therapeutic and biomarker potential. Yang et al 
(20) studied 36 miRs in normal ovarian cells and epithelial 
ovarian tumors; miR-199a*, miR-214, miR-200a and miR-100 
were the most highly differentially expressed candidates and 
their expression was associated with high-grade and late-stage 
tumors. Our previous study also found that the expression of 
miR-148a and miR-152 was altered in ovarian cancer and was 
related to cell proliferation (21).

The miR-148b gene is located at 12q13.13. Its mature 
sequence, which has been confirmed by experimental and 
microarray methods, is: UCAGUGCAUCACAGAACUUUGU. 
To date, little is known about its function. Zhao et al (22) found 
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that miR-148b was down-regulated in a hepatic cancer cell 
line compared to a hepatic cell line. Zhang et al (23) reported 
marked up-regulation of 25 serum miRNAs in esophageal 
squamous cell carcinoma (ESCC) patients compared to 
healthy individuals. RT-qPCR analysis identified a profile of 
7 serum miRNAs, including miR-148b as ESCC biomarkers.

Liu et al (24) reported that three members of the 
miRNA-148 family, miR-148a, miR-148b and miR-152, are 
negative regulators of the innate response and Ag-presenting 
capacity of dendritic cells (DCs). miRNA-148/152 acts as a 
fine-tuner in regulating the innate response and Ag-presenting 
capacity of DCs, which may contribute to immune homeo-
stasis and immune regulation.

Yet, the detailed expression pattern and potential role of 
miR-148b in ovarian cancer has never been determined. In 
the present study, we compared miR-148b expression levels 
in ovarian cancer and normal tissues. By real-time RT-PCR, 
we found that miR-148b was significantly overexpressed 
in ovarian cancer compared to normal tissues. Among 
the 77 samples assessed, miR-148b was upregulated in 71 
samples and downregulated in 6 cases. The result suggests 

that elevated miR-148b is a frequent event in human ovarian 
cancer tissues. While miR-148b increased in ovarian cancer 
and decreased in hepatic cancer, these differences observed 
with the same miRNA in different tissues suggest that a single 
miRNA may have multiple targets; the targets of the miRNA 
having different functions. For example, the miR-17 cluster 
was amplified in human non-small cell lung cancer (25), 
whereas the cluster was frequently deleted in hepatocellular 
carcinoma (26).

Microarray analysis recently confirmed that ovarian 
carcinoma of different histotypes (serous, mucinous, endo-
metrioid and mixed) exhibits alteration of different pathways, 
probably reflecting the gene expression pattern of the organ of 
origin. Considering that ovarian epithelial carcinomas occur 
as different histological subtypes characterized by distinct 
morphologic and molecular genetic alterations, we aimed to 
compare the miR-148b expression of each of them with normal 
ovary tissue to evaluate whether miRNA expression is different 
in distinct histotypes of ovarian carcinomas. However, no 
statistically significant associations were observed.

Figure 1. Expression of miR-148b in ovarian cancer patients. miR-148b expres-
sion levels were quantified using SYBR Green real-time PCR. Data are presented 
as the log2 fold change of ovarian cancer relative to normal tissues. Each sample 
was analyzed in triplicate and experiments were repeated three times.

Figure 2. Expression of miR-148b in ovarian cancer tissues compared to 
normal ovarian tissues. miR-148b expression levels were normalized by 
U6 RNA. ΔCT = CT miR-148b - CT U6 RNA. The ΔCT of miR-148b was 
significantly lower in ovarian cancer tissues than normal tissues (P<0.001, 
independent-sample t-test).

Table I. Correlation between the expression of miR-148b and 
clinicopathological features in patients with ovarian cancer.

 No. miR-148ba

Age (years)
  ≤54 17   5.93 (2.51-11.57)
  >54 60   5.00 (1.82-12.31)
  P-value  0.713
FIGO stage
  I 16 8.22 (2.34-14.2)
  II   5   5.40 (3.32-24.75)
  III 48 4.76 (1.70-9.22)
  IV   8   5.39 (3.21-11.68)
  P-value  0.609
Histological subtypes
  Serous 57     4.90 (11.99-13.21)
  Mucinous   2 1.44 (0.94-1.94)
  Endometrioid   3 4.96 (1.54-7.51)
  Clear cell   7     9.40 (12.98-33.96)
  Other   8 0.19 (0.13-0.65)
  P-value  0.585
Grade
  Grade 1 44 4.93 (2.20-9.28)
  Grade 2 28     5.21 (11.99-12.71)
  Grade 3   4 18.38 (1.40-46.39)
  Grade 4   1 11.46
  P-value  0.818
Responseb

  CR 31   5.89 (2.21-13.66)
  PD 18   5.77 (2.07-13.90)
  P-value  0.803

aMedian value of relative expression, with the 25-75th percentile in 
parenthesis. bForty-nine patients were followed up. CR, complete 
response; PD, progressive disease.
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We next performed analysis to identify whether miR-148b 
expression is associated with other clinicopathological 
features. We found that overexpression of miR-148b was not 
associated with poor prognosis of patients with ovarian cancer 
(Table I). Based on our observations of miR-148b expression 
levels and clinical analysis, we conclude that miR-148b may 
play a key role during the early-stage of ovarian carcinogen-
esis, but alone is not enough to affect or contribute to tumor 
progression. We found that miR-148b is potentially an efficient 
biomarker for the diagnosis of ovarian cancer.

Studies demonstrate that many factors regulate the 
expression of miRNAs, including inactivation by deletion or 
mutation and altered DNA methylation. In colorectal carci-
noma, Han et al found that the expression of approximately 
10% of miRNAs was regulated by DNA methylation, and 
partial methylation reduction was not sufficient for miRNA 
re-expression. Iorio et al (18) found that the levels of miR-21, 
miR-203 and miR-205 were up-modulated in ovarian carci-
nomas compared to normal tissues, and they were significantly 
increased in OVCAR3 cells after 5-aza-2'-deoxycytidine 
demethylating treatment. After the treatment of demethylating 
agent 5-aza-2'-deoxycytidine, re-expression of miR-148 and 
miR-152 was observed in various breast cancer cell lines. 
Therefore, we speculated that demethylation may be one of the 
mechanisms of up-regulation of miR-148b in ovarian cancer. 
However, this requires further investigation.

In conclusion, the finding that miR-148b was overexpressed 
in ovarian cancer suggests that miR-148b may be used as a 
potential diagnostic biomarker for ovarian cancer.
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