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Abstract
Background: Ovarian cancer is a malignant gynecologic disease rarely diagnosed in the early stages.
Among ovarian cancers, clear cell carcinoma has a poor prognosis due to its malignant potential.
MicroRNAs (miRNAs) regulate gene expression in cells by suppressing the translation of the target gene
or by degrading the target mRNA. They are also secreted from the cells in the blood, binding to the
proteins or included in extracellular vesicles lipids and assisting in cell-cell communication. Hence, the
serum miRNAs can also be diagnostic biomarkers for ovarian cancer. This study investigated and
identi�ed speci�c miRNAs for ovarian cancer clear cell carcinoma and compared them to those of the
ovarian endometrioma in healthy controlpatients.

Results: CA125, an ovarian tumor marker, did not differ between ovarian clear cell carcinoma,
endometriosis, and healthy controlsthe three groups. Four miRNAs (miR-146a-5p, miR-191-5p, miR-484,
and miR-574-3p) were analyzed. The miR-146a-5p and miR-191-5p expression levels were signi�cantly
increased in the serum samples from the ovarian clear cell carcinoma subjects compared to the healthy
controlscontrols, but not in the subjects with endometriosis (P < 0.05). Furthermore, the bioinformatics
analysis showed that CCND2 and NOTCH2 were the candidate target genes of miR‐146a-5p and miR-191-
5p.

Conclusions: Our results showed that miR‐146a-5p and miR-191-5p might be useful as an early and non-
invasive diagnostic tool in ovarian clear cell carcinoma. These miRNAs can help in distinguishing
between ovarian clear cell carcinoma and ovarian endometrioma. To the best of our knowledge, no
studies have screened any candidates speci�cally for clear cell carcinoma.

Background
Ovarian cancer accounts for the highest fatality among gynecological malignancies with an
increasing number of patients worldwide [1]. Ovarian cancer accounts for 2.5% of all malignancies in
women, but 5% of all deaths due to cancer because four out of �ve patients are diagnosed at an
advanced stage [2]. For advanced-stage ovarian cancer, patients have achieved the best outcomes via
complete resection of the diseased tissues and combination chemotherapy [3]. However, the 5-year
survival rate of advanced ovarian cancer (stages III and IV) was only about 20% and was considered to
have the poorest prognosis among female genital malignancies [4].

Histopathologically, ovarian cancer comprises �ve major subgroups: clear cell, endometrioid, mucinous,
high-grade serous, and low-grade serous. Among them, clear cell carcinoma is common in
Japanese patients, but the etiology is still unclear. This group of ovarian cancer is more resistant to the
standard platinum and paclitaxel chemotherapy than the other advanced serous ones [5]. Hence, the
prognosis for advanced clear cell ovarian cancer is poor, compared to that of early-stage ovarian cancer
[4]. This necessitates the early diagnosis of clear cell ovarian carcinoma. To date, there has been no
speci�c test for the diagnosis of early-stage ovarian cancer. The patients suspected of ovarian cancer are
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conventionally tested using transvaginal sonography and tumor markers, such as CA125. CA125
assessment is the standard method for diagnosis, following response to treatment, for predicting
the prognosis in ovarian cancer like clear cell carcinoma [6]. The level of this marker does not increase at
an early stage and is not increased in the ovarian clear cell carcinoma, as reported previously [7]. To date,
no studies have screened any candidates speci�cally for clear cell carcinoma.

Extracellular RNA, including serum microRNAs (miRNAs), has received much attention recently. MiRNAs
comprise small non-coding RNAs of 20–25 nucleotides that regulate gene expression in cells by
suppressing the translation of the target gene or by degrading the target mRNA [8]. The miRNAs secreted
from cells are stably present in body �uids in extracellular vesicles containing exosomes or bind to the
proteins or lipids [9] playing an important role in cell-cell communication [10]. Many studies have reported
serum miRNAs as promising biomarkers for various diseases because they re�ect physiological and
pathological states [11, 12, 13].

There are some ovarian clear cell carcinoma-speci�c miRNAs. Recently, Ochiya et al.
reported some miRNAs to be speci�c to ovarian cancer [14]. On the other hand, histopathological
examination revealed endometriosis prevalent in middle-aged women to be associated with the risk of
ovarian cancer. Similarly, ovarian endometrioma is associated with the risk of endometriosis-associated
ovarian cancer, especially clear cell carcinoma [15, 16]. 

Clinically, it is di�cult to distinguish between ovarian endometriosis and clear cell carcinoma because of
the evident similarities on ultrasound and increasing CA125 levels in both endometrioma and clear cell
carcinoma. In this report, we independently investigated and explored the speci�c miRNAs in the clear cell
carcinoma compared to the ovarian endometrioma and healthy controls.

Methods
Study design

The present study was approved by the internal review boards of the Tokyo Medical University. The
written informed consent was obtained from all the patients before the collection of specimens,
according to the Declaration of Helsinki. The patient backgrounds were obtained through interviews. The
blood samples were collected before operation, chemotherapy, and radiation therapy. The ovarian clear
cell carcinoma and endometriosis were diagnosed based on the histological examinations.

A total of 64 subjects participated in the research conducted at the Tokyo Medical University Hospital
from February 2010 to January 2019 and at the Jikei University School of Medicine between August 2008
and November 2011. 29 patients had ovarian clear cell carcinoma, 17 had endometriosis, and 18 were
healthy controls. The patients were diagnosed with ovarian clear cell carcinoma, 6 with stage Ia, 5 with
stage Ic1, 5 with stage IC2, 2 with stage IC3, 1 with stage IIa, 2 with stage IIb, 1 with stage IIIa1, 4 with
stage IIIb, 2 with stage IIIc, and 1 with stage IVb.
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Serum preparation and total RNA extraction

The blood samples were collected from the patients with ovarian clear cell carcinoma, and endometriosis,
as well as from the healthy controls. We measured the CA125 levels in patients with endometriosis and
ovarian cancer before surgery. The blood serum was separated by centrifugation at 400 xg for 10 min
and stored at -80 °C. The total RNA was extracted from the serum using the miRNeasy Serum/Plasma
Advanced Kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocol.

Search for candidate miRNAs with TaqMan Array Human microRNA Cards

We used TaqMan™ Array Human MicroRNA A+B Cards Set v3.0 (Thermo Fisher Scienti�c, Inc.) to search
for candidate miRNAs in 20 samples (16 samples of ovarian clear cell carcinoma and four healthy
controls). Using a volcano plot, we identi�ed target miRNAs with signi�cantly different expression levels
in control and ovarian clear cell carcinoma patients. Then, using an ampli�cation plot, we narrowed down
the miRNAs that were ampli�ed in almost all targets. Finally, we determined the target miRNAs based on
relative gene expression.

miRNA expression analysis by qPCR and receiver operating characteristic curves

Four miRNAs (miR-146a-5p, miR-191-5p, miR-484, and miR-574-3p) were analyzed by the TaqMan miRNA
expression analysis (Thermo Fisher Scienti�c, Inc.) and real-time quantitative reverse transcriptase-
polymerase chain reaction (qRT-PCR). The expression analyses were performed using the TaqMan
Advanced miRNA assays for human miR-146-5p (478399_mir), miR-191-5p (477952_mir), miR-484
(478308_mir), miR-574-3p (478163_mir), and miR-16 (477860_mir) as an endogenous control [17]. The
cDNA was synthesized using the TaqMan Advanced miRNA cDNA Synthesis Kit (Thermo Fisher
Scienti�c, Inc.).

Quantitative PCR (qPCR) was performed with RT primers using the Universal Master Mix and speci�c
miRNAs using the Applied Biosystems StepOnePlus ™ real-time PCR system (Thermo Fisher Scienti�c,
Inc.). The sequence detection was performed according to the manufacturer's protocol. 

The reaction mixtures were incubated at 95 °C for 2 min, followed by 40 cycles at 95 °C for 15 s and 60 °C
for 1 min. The miRNA expression levels in subjects with ovarian clear cell carcinoma and endometriosis
compared to healthy controls were calculated using the comparative 2-ΔΔCt method [18, 19]. Receiver
operating characteristic (ROC) curves were generated using the miR-146a miR-191 expression pro�le. The
graphical plots of the true and false positive rates are shown. The area under the ROC curve represents
the identi�cation accuracy.

Statistical analysis

The statistical analyses of the causal association between the clinical background, the expression level
of the miRNAs, and the ROC curve analysis were performed using SPSS-27 software. The statistical
signi�cance was determined by a Kruskal-Wallis test with signi�cance set at P < 0.05.
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Analysis of miRNA 146a-5p and miRNA 191-5p MiRTarBase

Subsequent to the identi�cation of differentially expressed miRNAs, the predicted target genes for these
altered miRNAs were subjected to experimental validation using the miRNA‐target interaction database
MiRTarBase (http://mirtarbase.cuhk.edu.cn/php/index.php) [20].

Results
Characteristics of the subjects

Of the 64 subjects, 18 were healthy controls, 17 had endometriosis, and 29 had ovarian cancer. The mean
age of all patients was 47.5 years (range 31–82 years), mean age for endometriosis patients was 35
years (range 22–56 years), and mean age for ovarian clear cell carcinoma patients was 53 years (range
31–81 years). Table 1 shows the clinical characteristics and the values of CA125 in the patients with
ovarian clear cell carcinoma (One patient did not check CA125 before the operation).

Table 2 shows the clinical characteristics and the value of CA125 in patients with endometriosis. CA125
varied differently in each endometriosis and ovarian clear cell carcinoma patients.

Identifying the candidate miRNAs

Based on the volcano plot, 18 miRNAs were identi�ed (Fig. 1). In the ampli�cation plot, 7 miRNAs (mir-
146a-5p, mir-191-5p, mir-223-3p, mir-24-3p, mir-320a-3p, mir-484, 574-3p) were con�rmed as ampli�ed.
The results of gene expression analysis showed that hsa-miR-191-5p and hsa-miR-574-3p were more
than 100-fold differentially expressed in the carcinoma patients compared to the controls. Differential
expression was also observed for hsa-miR-146a-5p and hsa-miR-24-3p (Fig. 2). Among the 16 samples
of ovarian clear cell carcinoma, 12 samples with similar miRNA ampli�cation were again analyzed using
a volcano plot, and four miRNAs (mir-146a-5p, mir-191-5p, mir-484, 574-3p) were listed.

miRNA expression status in ovarian clear cell carcinoma

The expression of miR-484 and miR-574-3p were not different among the three groups. However, the miR-
146a-5p and miR-191-5p expression levels were signi�cantly increased in the serum samples from the
ovarian clear cell carcinoma subjects compared to the healthy controls, but not in the subjects with
endometriosis (P < 0.05).

The median serum miR-146a-5p expression level was 0.72 in the healthy controls, 0.57 in the
endometriosis subjects, and 4.42 in the ovarian clear cell carcinoma patients, respectively (P < 0.01, Fig.
3, Kruskal-Wallis test). 

The ROC curve showed that the miR-146a-5p serum levels may differentiate the ovarian clear cell
carcinoma patients from the healthy controls, and the ROC curve area was 0.762 (95% con�dence
interval: 0.629–0.896, Fig. 4).
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When the cut-off value was 0.652 (relative expression value), miR-146a-5p was 79.3% sensitive to the
ovarian clear cell carcinoma and 50.0% speci�c compared to the healthy controls. In contrast, the median
serum miR-191-5p expression level was 0.833 in the healthy controls, 1.00 in the endometriosis subjects,
and 3.58% in the ovarian clear cell carcinoma patients (P < 0.01, Fig.5, Kruskal-Wallis test). The ROC
curve showed that the miR-191-5p serum levels may differentiate the ovarian clear cell carcinoma
patients from healthy controls, and the ROC curve area was 0.830 (95% con�dence interval: 0.714–
0.945) (Fig. 6). When the cut-off value was 0.723 (relative expression value), the miR-191-5p was 89.7 %
sensitive to ovarian clear cell carcinoma and 50.0% speci�c compared to the healthy controls. Comparing
by cancer stage, the expression of miR-146a-5p and miR-191-5p was not different.

The MiRTarBase was used to identify the predicted target genes of miR‐146a-5p and miR-191-5p to
determine their biological signi�cance. More than 50 target genes were extracted by the MiRTarBase, and
the target genes that showed strong evidence are summarized in Additional �le 1. The CCND2 and
NOTCH2 genes were the candidate targets of miR‐146a-5p and miR-191-5p.

Discussion
The early detection of cancer may contribute to improved patient survival rates. Biomarkers that
can be used to detect cancer at an early stage are important for the diagnosis and prognosis of cancer.

This study aimed to investigate the novel miRNAs in ovarian clear cell carcinoma. As previously reported,
CA125 levels were not distinguishable between endometriosis and clear cell carcinoma [21]. The
expression levels of miR‐146a-5p and miR-191-5p were signi�cantly elevated in the patients with
the ovarian clear cell carcinoma in the three groups. In the ROC analysis, miR-146-5p and miR-191-5p
revealed around 0.8 sensitivity for ovarian clear cell carcinoma. This indicated that miR-146-5p and miR-
191-5p were useful for exclusion diagnosis.

Using bioinformatics analysis, MiRTarBase showed that the CCND2 and NOTCH2 genes were the
candidate targets of miR‐146a-5p and miR-191-5p (Additional �le 1). CCND2 belongs to the cyclin family,
which functions in cell cycle progression [22]. CCND2 forms a complex with the cyclin-dependent kinase
CDK4 or CDK6 and functions as the regulatory subunit of the complex, whose activity is required for the
cell cycle G1/S transition [23]. As CCND2 shortens the G1 phase and participates in cell progression, the
CCND2 gene is suspected to be involved in cancer cell growth [24].

Several studies have demonstrated that CCND2 is associated with tumorigenesis [25]. Chang et al.
revealed that CCND2 is involved in stimulating the proliferation, cell cycle progression, migration, and
invasion of ovarian cancer cells [26]. NOTCH2 promotes cell proliferation and epithelial-mesenchymal
transition in the epithelial ovarian cancer cell lines [27]. MiR-146-5p and MiR-191-5p may be upregulated
in the ovarian cancer patients to inhibit the function of NOTCH2 and prevent the progression of ovarian
cancer. 
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Our results showed that CCND2 and NOTCH2 are the candidates for both miRNAs. Thus, it was
hypothesized that in ovarian cancer clear cell carcinoma patients, miR-146-5p and miR-191-5p were
upregulated to inhibit the function of CCND2 and NOTCH2. 

A major limitation of this study was small sample size. We would research larger samples in the future.

Conclusions
Our results showed that miR‐146a-5p and miR-191-5p may be useful as an early and non-invasive
diagnostic tool in the search for ovarian clear cell cancer. These miRNAs can also distinguish between
ovarian clear cell carcinoma and ovarian endometrioma.

Abbreviations
miRNA, microRNA, qRT-PCR, real-time quantitative reverse transcriptase-polymerase chain reaction, qPCR,
quantitative PCR, ROC, receiver operating characteristic 
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Tables
Table 1 Characteristics of patients with ovarian clear cell carcinoma 

Characteristics Ovarian clear cell carcinoma 
 (n = 29)

Age, years  

Median 53

Range 31–81

Clinical stage  

IA 6

IC1 5

IC2 5

IC3 2

IIA 1

IIB 2

IIIA1 1

IIIB 4

IIIC 2

IVB 1

Serum CA125 antigen, ng/mL  

Median 407

Range 13–5877
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Table 2 Characteristics of the patients with ovarian endometriosis

Characteristics Endometriosis
 (n = 17)

Age, years

Median 35

Range 22–56

BMI

Median  21.6

Range 17.7–34.7

tumor size

Median 62

Range 30–150

Serum CA125 antigen, ng/mL

Median  55.1

Range 10.7–555.6

BMI, body mass index

Figures
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Figure 1

Volcano plot Target miRNAs with signi�cantly different expression levels in healthy controls and ovarian
clear cell carcinoma patients were listed. As a result, 18 miRNAs were identi�ed as candidates.
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Figure 2

Gene Expression Hsa-miR-191-5p and hsa-miR-574-3p were differentially expressed by more than 100-
fold compared to the control. Differential expression was also observed for hsa-miR-146a-5p and hsa-
miR-24-3p.
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Figure 3

The serum miR 146a-5p expression level in the subjects The serum miR 146a-5p expression levels in the
subjects with ovarian clear cell carcinoma and ovarian endometriosis at various stages by a quantitative
polymerase chain reaction. The asterisk indicates statistical difference (P < 0.05) is signi�cant.
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Figure 4

ROC for miR-146a-5p in the normal and ovarian clear cell carcinoma The area under the receiver
operating characteristic curve for miR 146a-5p based on quantitative polymerase chain reaction data.
The cut-off level of plasma miR 146a-5p was 4.42, the sensitivity was 79.3%, and the speci�city was
50.0%.
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Figure 5

The serum miR 191-5p expression level in subjects The serum miR 191-5p expression levels in the
subjects with ovarian clear cell carcinoma and ovarian endometriosis at various stages by a quantitative
polymerase chain reaction. The asterisk indicates statistical difference (P < 0.05) is signi�cant.
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Figure 6

ROC for miR-191-5p in the normal and ovarian clear cell carcinoma The area under the receiver operating
characteristic curve for miR 191-5p based on quantitative polymerase chain reaction data. The cut-off
level of plasma miR 191-5p was 3.58, the sensitivity was 89.7%, and the speci�city was 50.0%.
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