
Introduction

Epithelial ovarian cancer (EOC) is the most lethal gyne-

cological cancer with over 204,000 new cases and 125,000

deaths per year [1]. Despite of the development of diag-

nostic and therapeutic technologies, approximately 70% of

EOC patients are diagnosed with advanced FIGO stages

(III or IV) and have a five-year survival rate of < 40% [2].

There is no optimal biomarker for early diagnosis of EOC

at present. Although carbohydrate antigen 125 (CA125) is

widely used in clinic, its sensitivity and specificity are in-

sufficient. CA125 is only elevated in about 50% of Stage I

EOC patients [3]. On the other hand, several benign condi-

tions such as endometriosis and ovarian cysts may also re-

sult in increased CA125 levels. Therefore, new biomarkers

with high sensitivity and specificity in early detection of

EOC are urgently needed.

MicroRNAs (miRs) are small, endogenous, non-coding

RNA molecules 18-25 nucleotides in length [4]. Accumu-

lating evidence has shown that miRs play crucial roles in

numerous biological processes, including development, cell

proliferation, differentiation, apoptosis, invasion, and an-

giogenesis[5]. miRs can function as either oncogenes or

tumor suppressors, and aberrant miR expression is highly

associated with cancer initiation and progression [6]. Fur-

thermore, many miRs are remarkably stable in the plasma

and other body fluids, and circulating miRs have been in-

vestigated as promising novel biomarkers for cancer diag-

nosis and prognosis [7]. For example, plasma miR-22-3p,

miR-642b-3p, and miR-885-5p are ideal early diagnostic

biomarkers for pancreatic cancer [8]. Serum miR-135a-5p

in colorectal cancer patients correlated with tumor differ-

entiation and clinical stage [9]. Low level of serum miR-

15a predicted shorter overall and disease-free survivals of

esophageal squamous cell carcinoma patients [10]. High

serum miR-21 expression was associated with chemother-

apeutic resistance in patients with osteosarcoma [11].

MiR-106a, located on chromosome X in humans, is one

of the cancer-related miRs. It is decreased in osteosarcoma

[12], bladder cancer [13], and astrocytoma [14], and shows

tumor suppressive effects in these tumors. On the contrary,

miR-106a is found to be up-regulated in colorectal cancer

[15], gastric cancer [16], non-small cell lung cancer [17],

hepatocellular carcinoma [18], and ovarian cancer [19], and

acts as a potential oncogene. MiR-106a was significantly

increased in ovarian cancer tissues, and high miR-106a lev-

els correlated with poor cancer differentiation [19, 20].

Overexpression of miR-106a significantly promoted ovar-

ian cancer cell proliferation and invasion and induced

chemoresistance [19, 21]. Recent studies have revealed

aberrant circulating miR-106a expression and its clinical

significance in patients with renal cell carcinoma [22], gas-

Revised manuscript accepted for publication May 16, 2017

EJGO European Journal of
Gynaecological Oncology

7847050 Canada Inc.
www.irog.net

Eur. J. Gynaecol. Oncol. - ISSN: 0392-2936

XXXIX, n. 5, 2018

doi: 10.12892/ejgo4240.2018

Expression of plasma miR-106a in epithelial ovarian cancer

and its diagnostic and prognostic significance

Jing Zhao

1

, Xue Dong

2

, Qing-cui Liu

3

, Qun Lu

4

1Department of Reproduction, 2Department of Obstetrics and Gynecology, 3Department of Obstetrics, 
The Children & Women's Healthcare of LaiWu City, LaiWu, Shandong Province

4Department of reproduction, Peking University People's Hospital, Beijing (China)

Summary

Aims: Circulating microRNAs (miRs) have been investigated as promising novel biomarkers for cancer diagnosis and prognosis.

The aim of this study was to evaluate the expression level of plasma miR-106a in patients with epithelial ovarian cancer (EOC) and in-

vestigate its clinical significance. Materials and Methods: By using qRT-PCR, the authors compared plasma miR-106a expression in

95 EOC patients and 100 healthy volunteers. The association between plasma miR-106a level and clinicopathological factors was also

analyzed. Furthermore, they explored whether plasma miR-106a could serve as a useful biomarker for EOC diagnosis and prognosis.

Results: Plasma miR-106a was up-regulated in EOC patients compared with healthy controls (p < 0.01). High plasma miR-106a levels

were significantly associated with advanced FIGO stage, high CA125 expression, poor cancer differentiation, and shorter overall sur-

vival. ROC curve analysis showed that plasma miR-106a was capable of distinguishing EOC from control subjects. Multivariate Cox

regression analysis confirmed high plasma miR-106a expression as an independent unfavorable prognostic factor for EOC. Conclusions:
Plasma miR-106a was upregulated in EOC patients and might serve as a novel non-invasive diagnostic and prognostic biomarker.
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tric cancer [16], colorectal cancer [23], and cholangiocar-

cinoma [24]. However, plasma miR-106a expression and

its potential diagnostic value in EOC remains unknown. In

the present study, the authors detected plasma miR-106a

levels in EOC patients and evaluated its association with

clinical parameters. Furthermore, they explored whether

plasma miR-106a could serve as a useful diagnostic and

prognostic biomarker for EOC.

Materials and Methods

This study was approved by the Medical Ethics Committee of

The Children & Women’s Healthcare of LaiWu City and all par-

ticipants provided informed consent. All specimens were handled

and made anonymous according to ethical and legal standards.

A total of 95 histopathologically confirmed EOC patients who

underwent surgery at the Department of Obstetrics and Gynecol-

ogy, The Children & Women’s Healthcare of LaiWu City (LaiWu

271100, Shandong Province, China) between January 2009 and

December 2011 were included in this study. None of the patients

had previously undergone chemotherapy, radiation therapy, or im-

munotherapy. Eight milliliters of peripheral venous blood was ob-

tained at diagnosis without any treatment. The samples were

collected in EDTA-containing tubes and centrifuged at 2,000 g
for 20 minutes at 4°C. Then, the supernatant fluids were trans-

ferred into fresh tubes and stored at -80°C until RNA extraction.

Plasma samples from 100 healthy volunteers were used as control.

The clinicopathological information of EOC patients is summa-

rized in Table 1. All the patients were followed up at regular in-

tervals for up to five years. Survival time was calculated from the

date of diagnosis to the date of death or last follow-up.

Total RNA was extracted from 400 μL of plasma samples and

then eluted by 50 μL RNase-free water. The reverse transcription

was performed with a microRNA reverse transcription kit. The

reaction solutions were incubated at 16°C for 30 minutes, subse-

quently at 42°C for 30 minutes, and then at 85°C for 30 minutes,

and finally held at 4°C. The qRT-PCR was carried out on a IQ5s

system using human microRNA assay kits. Shortly after an initial

denaturation at 95°C for ten minutes, the amplification was re-

peated for 45 cycles at 95°C for 15 seconds and at 60°C for 60

seconds. The expression of miR-106a was normalized to RNU6B,

and relative expression of miR-106a was calculated using 2

−ΔΔCt

method.

SPSS 16.0 and Medcalc 12.0 were employed for statistical

analysis. The Mann-Whitney U test was performed to compare

the expression level of plasma miR-106a between EOC patients

and healthy controls. Associations between clinicopathological

parameters and plasma miR-106a expression were evaluated

using chi-square test. Survival curves were made by using the Ka-

plan-Meier method, and compared by the log-rank test. Cox re-

gression analysis was used to assess predictors related to survival.

Receiver-operating characteristic (ROC) curves and the area

Table 1. — The correlations of plasma miR-106a and clin-
ical characteristics of EOC patients.

High plasma Low plasma p-value

miR-106a  miR-106a 

Age (years)

≥ 50  25 (48.1%) 27 (51.9%)   

< 50  22 (51.2%) 21(48.8%) 0.838  

Histological type 

Serous 18 (54.5%) 15 (45.5%)   

Mucinous 19 (44.2%) 24 (55.8%)   

Others 10 (52.6%) 9 (47.4%) 0.639

Tumor differentiation 

Moderate-well 14 (35.0%) 26 (65.0%)   

Poor 33 (60.0%) 22 (40.0%) 0.014  

FIGO Stage 

I/II 15 (43.1%) 29 (56.9%)   

III/IV 32 (62.7%) 19 (37.3%) 0.007

Serum CA 125 level (U/L) 

< 5.0 x 10

5 

11 (32.4%) 23 (67.6%)   

≥ 5.0 x 10

5 

36 (59.0%) 25 (41.0%) 0.011  

Ascites 

No  12 (41.4%) 17 (58.6%)   

Yes 35 (53.0%) 31 (47.0%) 0.374  

Figure 1. — Plasma miR-106a expression levels in 95 epithelial

ovarian cancer (EOC) patients and 100 healthy controls (HC)

were determined by qRT-PCR (p < 0.01, Mann-Whitney U test).

Figure 2. — Receiver-operating characteristic (ROC) curve analy-

sis for plasma miR-106a as a diagnostic marker for epithelial

ovarian cancer (EOC).
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under the ROC curve (AUC) were used to assess the diagnostic

value of plasma miR-106a. The levels of statistical significance

were set at least at p < 0.05 (two-sided).

Results

The plasma miR-106a expression levels in 95 patients

with EOC and 100 healthy controls were analyzed by real-

time qRT-PCR. The present authors found that plasma miR-

106a expression levels in the EOC patients were

significantly higher than those in the healthy volunteers (p
< 0.01, Figure 1). Then, they evaluated the diagnostic value

of plasma miR-106a. The ROC curve analyses revealed that

the plasma levels of miR-106a may differentiate EOC from

healthy controls, with AUC of 0.879 (95% CI: 0.830-0.928;

Figure 2). At a cut-value of 1.74, the sensitivity was 72.9%

and specificity was 98.0%.

To better understand the potential roles of plasma miR-

106a in EOC development and progression, the relation-

ships between plasma miR-106a and various clinical

features of EOC were determined. The median value of

plasma miR-106a was chosen as a cutoff and used to as-

sign the EOC patients to high or low plasma miR-106a ex-

pression group. Table 1 showed that high plasma miR-106a

levels were significantly associated with advanced FIGO

stage (p = 0.007), higher CA125 expression level (p =

0.011), and poor cancer differentiation (p = 0.014). No sig-

nificant difference was observed between plasma miR-106a

expression and patient’s age, ascites, and histological type.

As determined by Kaplan-Meier method and log-rank

test, EOC patients with high plasma miR-106a expression

had significantly poorer overall survival than those with

low expression of plasma miR-106a (p < 0.001; Figure 3).

The survival benefits were also found in those with well

tumor differentiation (p = 0.027) and early FIGO stage (p
= 0.005). Multivariate Cox regression analysis enrolling the

aforementioned significant parameters revealed that plasma

miR-106a expression (HR 4.985; p = 0.009) and clinical

stage (HR 3.976; p = 0.021) were independent prognostic

markers for EOC patients (Table 2).

Discussion

Emerging evidence indicates that miRs play important

roles in the biology of human cancers. In terms of EOC,

abnormal expression of several miRs and their functions

have been reported. For example, miR-203 was upregulated

in EOC samples, and high expression of miR-203 was sig-

nificantly correlated with advanced FIGO stage and poor

cancer differentiation [25]. Decreased miR-613 expression

predicted shorter progression-free and overall survivals of

ovarian cancer patients [26]. Serum miR-7, miR-25, and

miR-93 may act as potential biomarkers for EOC diagno-

sis[27]. miR-383 inhibited ovarian cancer cell proliferation,

invasion and aerobic glycolysis [28]. Enhanced expression

of miR-135a-3p in EOC cells induced drug sensitivity to

cisplatin and paclitaxel [29]. Thus, functional miRs may be

applied for EOC diagnosis, prognosis, and therapeutics.

The early diagnosis of cancer provides the opportunity

to increase its cure rate and improve quality of life. How-

ever, the traditional tumor markers for EOC have limited

utility due to the lack of sufficiently high sensitivity and

specificity. Recent studies have demonstrated that miRs are

detectable and relatively stable in human peripheral circu-

lation system. The detection of circulating miRs could be

utilized as a non-invasive diagnostic tool for human dis-

eases including cancer [7]. In this study, the authors re-

vealed that levels of plasma miR-106a were higher in EOC

patients than in healthy controls. Increased plasma miR-

106a expression correlated with advanced clinical stage,

high CA125 expression, and poor cancer differentiation.

Moreover, plasma miR-106a could differentiate EOC pa-

tients from healthy controls. Patients in high plasma miR-

106a group had a poorer prognosis than those in low

plasma miR-106a group. These results suggest that plasma

miR-106a may serve as a useful diagnostic and prognostic

biomarker for EOC.

Table 2. — Univariate and multivariate analysis of overall
survival in 95 patients with epithelial ovarian cancer
(EOC).
Variables Univariate analysis Multivariate analysis

HR p-value HR p-value

Age (years)( ≥50 / <50) 1.16 0.558 -- --  

Histological type 

0.94 0.613 -- --

(serous/non-serious)

Differentiation  

3.89 0.027 1.204 0.082 

(Moderate-well / poor)

FIGO Stage (III+IV/I+II) 5.96 0.005 3.976 0.021  

Ascites (yes/no) 0.87 0.629 -- --

Plasma miR-106a  

6.12 <0.001 4.985 0.009

(low/high)

Figure 3. — Kaplan-Meier curves for overall survival time of

EOC patients divided according to plasma miR-106a expression

levels.
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Aberrant circulating miR-106a expression has been re-

ported in patients with several kinds of tumors. The level of

serum miR-106a in renal cell carcinoma patients were higher

than in healthy controls, and serum miR-106a decreased sig-

nificantly after surgery [22]. Plasma expression of miR-106a

was significantly increased in gastric cancer patients, and its

upregulation was associated with advanced stage, large

tumor size, poor cancer differentiation, and lymph node

metastasis [16]. In addition, circulating miR-106a was capa-

ble of distinguishing colorectal cancer patients from control

subjects [23], and could act as a novel prognostic biomarker

for cholangiocarcinoma [24]. The potential diagnostic and

prognostic values of blood miR-106a in other human malig-

nancies is worthy of study in future work.

In summary, the current study showed that the level of

plasma miR-106a was upregulated in EOC patients, and as-

sociated with aggressive clinicopathological characteristics.

More importantly, increased plasma miR-106a could dis-

tinguish EOC from healthy controls and predict poor over-

all survival. Based on these results, plasma miR-106a might

serve as a non-invasive biomarker for EOC diagnosis and

prognosis. Prospective studies with larger sample size

should be carried out to confirm these conclusions in future.
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