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  Introduction 

 Ovarian cancer is the sixth most common gynaecological malig-
nancy in women worldwide (over 230,000 new cases yearly), 
with a highly aggressive natural history and causing over 140,000 
deaths every year (Garcia et   al. 2007). While the survival rates of 
women with early stage ovarian cancer are high, most cases are 
diagnosed late, when the likelihood of successful therapy is low 
(Ahmed et   al. 1996; Piver et   al. 1992; Wright et   al. 2009). 

 Although various screening methods for early detection of 
endothelial ovarian cancer (EOC) are available, their diagnostic 
values are limited due to lack of sensitivity, high costs and incon-
venience. Women at high risk for ovarian cancer may typically 
undergo screening with transvaginal ultrasound and serum 
CA125. However, CA125 remains a poor marker for early stage 
disease with a documented sensitivity of 40% (Jacobs and Menon 
2004; Jacobs et   al. 1993). Specifi city is also a problem because 
approximately 1% of all healthy women seem to have elevated 
levels of this marker (Bast et   al. 1983). In addition, several benign 
conditions, such as endometriosis, pelvic infl ammations, ovar-
ian cysts or even pregnancy also result in increased CA125 levels 
(Duff y et   al. 2005). 

  Correspondence: L. Ayaz, Department of Biochemistry, Trakya University Faculty of Pharmacy, 22030, Edirne, Turkey. E-mail: lokmanayaz@yahoo.com    

 Th ese defi cits have created an urgent need to identify new 
diagnostic and prognostic biomarkers for EOC. Th e identifi cation 
of biomarkers that may assist in treatment and prognosis is highly 
desirable in this population of patients. Recent studies have shown 
that miRNAs are stably detectable in plasma or serum. Serum and 
plasma miRNAs are relatively easy to access. Circulating miRNAs 
also have great potential to serve as non-invasive biomarkers 
(Kosaka et   al. 2010). 

 MicroRNAs are non-coding RNA molecules that function in 
gene regulation. In humans, it has been estimated that nearly 
1,000 miRNAs (Bentwich et   al. 2005) in the genome regulate 
approximately 30% of all protein coding genes (Esquela-Kerscher 
et   al. 2006; Filipowicz et   al. 2008). Th ey regulate gene expression 
through several mechanisms, including perfect complimentary 
binding of the miRNA to the target mRNA, which results in 
endonucleolytic cleavage of the mRNA, or imperfect complimen-
tary binding to the target mRNA, which results in repression of 
translation. As a result, gene regulation by miRNA occurs at both 
the transcription and translation levels. A single miRNA may bind 
to as many as 200 gene targets; as a result, miRNAs control the 
expression of multiple human mRNA. Departures from normal 
patterns of miRNA expression are important in the development 
of cancer, and specifi c miRNAs act as tumour suppressor genes or 
oncogenes. In ovarian cancer, miRNA profi ling has identifi ed dif-
ferentially expressed miRNAs between malignant and normal tis-
sues (Iorio et   al. 2007; Nam et   al. 2008). Several miRNAs, including 
the miR-200 cluster, have been associated with survival (Hu et   al. 
2009). While miRNA research in gynaecological malignancies is 
in its infancy, the miRNA signature profi le of ovarian cancer has 
recently been published (Iorio et   al. 2007; Nam et   al. 2008; Zhang 
et   al. 2008). It has recently been demonstrated that the miRNA 
signature of circulating tumour exosomes of ovarian cancer 
patients demonstrates high correlation with miRNA expression of 
the primary tumour (Taylor et   al. 2008). Ovarian cancer remains 
a disease for which improved non-invasive, serum/plasma screen-
ing tests are highly desirable. We aim to investigate the diff erential 
expression of 740 miRNAs between patients and healthy controls 
and to assess the diagnostic potential of plasma miRNAs as 
biomarkers for early detection of ovarian cancer patients.   

 Material and methods  

 Patients and samples 

 Th is study includes ovarian cancer treated at the Department 
of Obstetrics and Gynecology at Mersin University in Mersin, 
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 MicroRNA (miRNA) is an abundant class of small non-coding 
RNAs that act as gene regulators. Recent studies have suggested 
that miRNA deregulation is associated with the initiation and 
progression of human cancer. However, information about 
ovarian cancer-related miRNA is mostly limited to tissue miRNA. 
The aim of this study was to fi nd specifi c profi les of plasma-
derived miRNAs of ovarian cancer. In this present study, the 
expression profi les of 740 miRNAs in plasma from 18 patients 
and 24 healthy women subjects were evaluated using micro-
fl uidic based multiplex qRT-PCR. Our results demonstrated that 
expression levels of 8 miRNAs were signifi cantly upregulated 
in patients with ovarian cancer when compared with a control 
group ( p    �     0.05). Expression levels of 4 miRNAs were found 
signifi cantly downregulated in patients with ovarian cancer 
( p    �     0.05). In addition, 10 miRNAs were expressed only in the 
ovarian cancer group and miR-138-5p of these miRNAs is ovarian 
specifi c. In conclusion, our study suggests that detecting these 
ovarian cancer specifi c miRNAs in plasma might serve as novel 
non-invasive biomarkers for ovarian cancer.  
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Turkey. Th e 18 newly diagnosed ovarian cancer patients and 24 
healthy female controls were recruited from fi les of Obstetrics 
and Gynecology of Mersin University. Control subjects were 
selected among healthy people with no history of cancer, chronic 
degenerative neurological disease, diabetes, hypertension, atopy, 
autoimmune diseases or allergies. 

 All ovarian cancer cases were classifi ed and assessed accord-
ing to the American Joint Committee on Cancer (AJCC) and 
International Federation of Gynecology and Obstetrics (FIGO) 
classifi cation. Histopathological classifi cation, including the 
stage and tumour type was performed by an experienced 
pathologist. Patients who had received neoadjuvant chemo-
therapy or radiation therapy were excluded from this study. 
Data were collected through a medical interview, based on a 
standardised questionnaire. Information on tumour site was 
abstracted from the medical records of the patients. All sub-
jects were systematically interviewed about their current and 
lifetime smoking status and occupational risk factors for ovar-
ian cancer. Th e investigations were approved by the Medical 
Ethical Review Committee of the Academic Hospital of the 
Mersin University, and informed consents were obtained from 
all patients and controls according to the Helsinki Declaration 
II (1975, revised 1983).   

 Plasma preparation and RNA isolation 

 By venepuncture, 3 ml venous blood was collected into sterile 
siliconised 7.5% EDTA containing tubes. Plasma samples were 
collected via centrifuging EDTA blood samples at 4,000 rpm 
for 15 min within 2 h of collection. Plasma samples were trans-
ferred into a clean microcentrifuge tube, followed by a second 
high-speed centrifugation step at 13,000 rpm for 5 min at 10 ° C 
to remove cell debris and fragments. Th e plasma samples were 
aliquoted and stored at  � 80 ° C until RNA extraction. Total RNA 
(including miRNAs) was extracted from plasma by using High 
Pure miRNA Isolation Kit (Roche diagnostic GmbH, Mannheim, 
Germany) according to the manufacturer ’ s instructions and 
then stored at  � 80 ° C for further process.   

 Reverse transcription (RT) reaction 

 Total RNA samples (2  μ l) were reverse transcribed, using TaqMan 
MicroRNA Reverse Transcription Kit in combination with Mega-
plex RT primer Human pool set A and B (Applied Biosystems, 
Foster City, CA), allowing simultaneous reverse transcription of 
740 miRNAs. Briefl y, 2  μ l of total RNA was supplemented with 
Megaplex RT primer mix (10X), RT buff er (10X), MultiScribe 
Reverse Transcriptase (50 U/ μ l), dNTPs with dTTP (100 mM), 
MgCl 2  (25 mM) and RNase inhibitor (20 U/ μ l) in a total reac-
tion volume of 5  μ l. RT reaction was used (40 cycles of 16 ° C for 
2 min, 42 ° C for 1 min and 50 ° C for 1 s, followed by a fi nal reverse 
transcriptase inactivation at 85 ° C for 5 min). cDNA samples were 
kept at  – 80 ° C until PCR analysis.   

 Pre-amplifi cation of cDNA 

 For pre-amplifi cation, 2  μ l of cDNA samples were transferred 
into a clean 96-well plate and 8  μ l of DNA suspension buff er 
was added on the top of cDNAs and mixed by pipetting up and 
down 5 – 6 times; 1/5 diluted RT product (2  μ l) was pre-amplifi ed 
using Applied Biosystems ’  TaqMan PreAmp Master Mix (2X) 
and Megaplex PreAmp Primers (5X) in a 5  μ l PCR reaction. Th e 
primer pool consisted of forward primers specifi c for each of the 
740 miRNAs and a universal reverse primer (Applied Biosystems). 
Th e pre-amplifi cation cycling conditions were as follows: 95 ° C for 
10 min, 55 ° C for 2 min and 75 ° C for 2 min, followed by 14 cycles 
of 95 ° C for 15 s and 60 ° C for 4 min.   

 miRNA expression determination using Fluidigm   ®    
microfl uidic high-throughput qRT-PCR 

 Each chip profi led 42 samples in duplicate for the expression 
level of 96 diff erent microRNAs. Pre-amplifi ed cDNA samples 
were diluted with low-EDTA (0.1 mM) TE buff er (1:5). About 
490  μ l Taqman universal PCR master mix (no AmpErase UNG) 
(Applied Biosystems) and 49  μ l (20X) GE sample loading reagent 
(Fluidigm, PN 85000746) were mixed, and 3.85  μ l was pipetted 
into a 96-well plate and added 3.15  μ l of diluted pre-amplifi ed 
cDNA into each well and mixed; then 5  μ l of this mixture was 
pipetted into sample inlets of a 96.96 dynamic array (Fluidigm, 
South San Francisco, CA), and 4.5  μ l of miRNA Taqman probe 
and primers (Applied Biosystems) was pipetted into assay inlets 
of a 96.96 dynamic array (Fluidigm). Th e biomark IFC controller 
HX (Fluidigm) was used to distribute the assay mix and sample 
mix from the loading inlets into the 96.96 dynamic array reac-
tion chambers for qRT-PCR by Fluidigm ’ s integrated microfl uidic 
circuit technology. qRT-PCR was performed using the high-
throughput biomark real-time PCR system (Fluidigm). Cycling 
conditions were as follows: fi rst, thermal mix protocol followed by 
50 ° C for 2 min, 70 ° C for 30 min and 25 ° C for 5 min. Th en UNG 
and Hot start protocol followed by 50 ° C for 2 min and 95 ° C for 
5 min. Finally, PCR cycle followed by 40 cycles of 95 ° C for 15 s 
(denaturation) and 60 ° C for 60 s (annealing). Th e real-time qPCR 
analysis soft ware provides amplifi cation curves, colour-coded 
heat maps and cycle threshold (Ct). Th reshold and linear baseline 
correction were automatically calculated for the entire chip.   

 Normalisation and relative quantifi cation 
of plasma miRNA expression 

 In order to eliminate a normalisation problem for miRNA expres-
sion in plasma, depending on absence of stable RNA, we used 
global mean normalisation method for normalisation of plasma 
miRNA expression. miRNA expression data were normalised 
according to the global mean normalisation strategy (Mestdagh 
et   al. 2009). Global mean normalisation of miRNA qRT-PCR 
data was performed with GenEx Professional 5 soft ware (MultiD 
Analyses AB, Goteborg, Sweden). Th e relative expression of 
miRNAs was calculated by the comparative  Δ CT ( Δ  Δ CT) 
method. Fold change (FC) was calculated by the equation 2  �  Δ  Δ Ct  
(Pfaffl   2001).   

 Statistical analysis 

 Statistical analysis was performed with SPSS soft ware package, 
version 17.0 for Windows (SPSS Inc. Chicago, IL). Power calcula-
tions for testing the sample size were performed using PASS soft -
ware package program (Utah, version 11.0 for Windows) (desired 
study power, 80%;  α -error    �    0.05, two-tailed). Expression data 
were controlled for normal distribution by Shapiro – Wilk test 
and according to test results; all data were not normally distrib-
uted. Mann – Whitney  U  test was used to detect the diff erences of 
expression of plasma miRNAs between patients and healthy sub-
jects. Results are expressed as mean  �  standard deviation (SD). A 
 p  value of    �    0.05 was considered as signifi cant.    

 Results 

 A total of 42 women were enrolled in the present study, which 
included 18 women with ovarian cancer and 24 controls. Stage 
breakdown was as follows: stage I (4), stage II (2), stage III (11) 
stage IV (1). Histological breakdown was as serous (%100). 
Similar to most groups with ovarian cancer, the majority (66.6 
%) had stage III or IV disease. Table I presents the characteristics 
of the subjects. Women with ovarian cancer were similar in age 
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(58.8    �    16.77 years) compared with the control group (53.7    �    9.42 
years). Plasma samples from 18 patients with ovarian cancer 
and 24 healthy female subjects were examined for the expression 
of the 740 miRNAs using high-throughput qRT-PCR. A total of 
36 miRNAs were expressed in both groups (Table II). Among 

these miRNAs, 12 miRNAs were found to be aberrantly expressed, 
of which four miRNAs were signifi cantly downregulated and 
eight upregulated in ovarian cancer when compared with the 
control group (Figure 1). Also, we determined 10 miRNAs which 
showed an ovarian cancer specifi c expression (miR-140-3p, 133a, 
34a-5p, 146b-5p, 125a-3p, 95, 16-5p, 138-5p, 17-5p and 323a-3p, 
respectively).   

 Discussion 

 Th ere have also been several studies that analyse ovarian-cancer 
specifi c miRNAs as other cancer types (Dahiya et   al. 2008; 
Iorio et   al. 2007; Nam et   al. 2008; Zhang et   al. 2008). Previously 
reported were two researches about the blood-derived miRNAs as 
ovarian cancer biomarkers failed to demonstrate concordance in 
the results (H ä usler et   al. 2010; Resnick et   al. 2009). Also, plasma/
serum-derived miRNA profi les specifi c to ovarian cancer have not 
yet been established. In previous studies, all miRNA profi les were 
not studied. Th erefore, the aim of the present study was to detect 
plasma-miRNAs profi les specifi c to ovarian cancer. We included 
the updated names of miRNAs in parenthesis, according to the 
miRBase database (www.mirbase.org). 

 In the present study, eight serum miRNAs (miR-191-5p, 206, 
548a-3p, 320a, 574-3p, 590-5p, 34c-5p, 106b-5p) were observed 
to be signifi cantly upregulated and four miRNAs (miR-19a-3p, 
30a-5p, 645, 150-5p) downregulated in cancer patients compared 
with the control subjects. 

 Resnick et   al. (2009) have determined that miR-126 and 29a 
(last name: miR-126-3p and 29a-3p) were signifi cantly over-
expressed in the serum from ovarian cancer patients compared 
with controls ( p    �     0.01). Consistent with this data, in the present 
study, we found that miR-126-3p and 29a-3p was over-expressed 
in the plasma of ovarian patients compared with control subjects, 
but the diff erence was not statistically signifi cant (FC:1.41 and 
2.16,  p    �   0.05). Th ere have been a number of tumour suppressor 
activities proposed for both miR-126 and 29a. miR-126 has been 
implicated as a  ‘ metastatic-suppressor ’  in breast cancer with loss 
associated with poor outcome (Tavazoie et   al. 2008). miR-29a has 
been found to be under-expressed in lung cancers (Fabbri et   al. 
2007). While over-expression of these miRNAs would tend to 
suggest they behave as oncomirs, TargetScan (4.2) does predict 
PTEN as a potential target of miR-29a. Whether or not these 
miRNAs exhibit predominant  ‘ tumour suppressor ’  or  ‘ oncogenic ’  
activity remains to be seen. 

 Iorio et   al. (2007) determined that compared with the nor-
mal tissue, ovarian carcinoma also shows expression of miR-19a 
(last name: miR-19a-3p). Similarly, we found plasma miR-19a-3p 
signifi cantly downregulated in ovarian cancer (FC: 4.36,  p     �    0,009). 
Th erefore, miR-19a-3p may be as a tumour suppressor for ovarian 
cancer. Wyman et   al. (2009) showed that expression of miR-30a 
(last name: miR-30a-5p) was specifi c to the clear cell histologi-
cal type. Also, Marchini et   al. (2011) reported that miR-30a were 
downregulated in with epithelial ovarian cancer tissue samples 
from relapsers relative to non-relapser. In this study, miR-30a-3p 
were signifi cantly downregulated in ovarian cancer patients com-
pared with controls (FC: 4.66  p     �    0.027). Decreased expression 
of miR-30a-5p shows a correlation with tissue studies. Shih et   al. 
(2011) showed that miR-645 is negatively associated with overall 
survival in advanced serous ovarian cancer. In our study, miR-645 
was signifi cantly downregulated in plasma patients with ovarian 
cancer (FC: 14.71,  p     �    0.001). Zhang et   al. (2008) determined 
that miR-150 (last name: miR-150-5p) was under expressed in 
EOC lines. In our study, we found signifi cantly downregulated 
miR-150-5p in ovarian cancer (FC: 21.13,  p     �    0.001). Th erefore, 

  Table I. Characteristic of control and patients with ovarian cancer.  

Characteristic

Control 

( n     �    24)

Ovarian cancer 

( n     �    18)

 p  value n (%)  n (%)

Age (years) 53.73    �    9.42 58.88    �    16.77 0.10

Alcohol consumption

Yes 3 12.5 4 22.2 0.438

No 21 87.5 14 77.8

Smoking

Yes 2 8.3 3 16.7 0.636

No 22 91.7 15 83.3

Tumour staging

I  – 4 22.2

II  – 2 11.1

III  – 11 61.1

IV  – 1 5.6

  Table II. Expression of plasma miRNAs in patients with ovarian cancer as 
compared with control.  

miRNAs

Control  Δ Ct 

(mean  �  SD)

Ovarian cancer 

 Δ Ct (mean  �  SD)  p  value FC

miR-19a-3p 1.24    �    1.09 3.36    �    2.19 0.009 0.23

miR-29a-3p 6.14    �    1.13 5.03    �    1.53 0.13 2.16

miR-19b  � 0.45    �    1.61 1.56    �    3.26 0.123 0.25

miR-20a-5p 1.11    �    2.22 0.06    �    3.82 0.328 2.07

miR-29c-3p 4.60    �    1.78 3.57    �    1.57 0.198 2.04

miR-30b-5p 1.63    �    0.94 1.54    �    1.73 0.455 1.07

miR-30c-5p  � 2.35    �    1.59  � 3.74    �    2.75 0.055 2.62

miR-106b-5p 0.65    �    1.05  � 0.84    �    1.57 0.001 2.79

miR-146a-5p 4.27    �    1.18 3.56    �    1.18 0.212 1.63

miR-24-3p  � 1.94    �    1.07  � 2.23    �    0.97 0.55 1.22

miR-25-3p  � 5.20    �    1.69  � 4.18    �    2.59 0.339 0.49

miR-34c-5p 6.09    �    0.95 4.53    �    4.50 0.004 2.82

miR-92a-3p  � 3.74    �    1.10  � 4.74    �    2.01 0.219 1.99

miR-27a-3p 4.15    �    1.30 3.76    �    2.17 0.635 1.31

miR-125b-5p 2.31    �    0.23 3.22    �    1.32 0.897 0.53

miR-27b-3p 3.27    �    3.17 3.34    �    1.11 0.662 0.95

miR-126-3p 1.00    �    0.66 0.52    �    2.13 0.06 1.41

miR-150-5p  � 5.51    �    1.86  � 1.11    �    3.78 0.001 0.05

miR-193b-3p 5.63    �    1.40 4.73    �    4.13 0.091 1.86

miR-218-5p  � 2.89    �    1.90  � 1.50    �    3.00 0.159 0.38

miR-320a 5.97    �    1.14 2.91    �    1.63 0.023 8.33

miR-324-3p 4.84    �    1.76 3.73    �    1.89 0.134 2.16

miR-223-3p  � 1.13    �    3.33 0.97    �    3.19 0.06 0.23

miR-191-5p 5.03    �    1.73 0.57    �    8.47 0.030 22.01

miR-328 5.82    �    1.05 4.89    �    2.74 0.429 1.91

miR-451  � 6.76    �    1.15  � 5.40    �    2.63 0.162 0.39

miR-574-3p 1.31    �    6.62  � 1.51    �    11.18 0.041 7.08

miR-576-3p 3.60    �    2.58 3.21    �    1.32 0.435 1.32

miR-548a-3p 6.09    �    1.00 2.15    �    2.99 0.009 15.42

miR-548c-3p 0.27    �    1.02 2.16    �    0.91 0.667 0.27

miR-590-5p  � 1.93    �    2.16  � 4.68    �    1.35 0.042 6.78

miR-30a-5p  � 2.35    �    2.31  � 0.13    �    2.96 0.027 0.21

miR-645  � 5.77    �    2.37 1.91    �    1.34 0.001 0.068

miR-720 5.08    �    1.69 4.17    �    2.50 0.443 1.88

miR-206  � 2.49    �    1.83 6.89    �    1.53 0.001 21.26

miR-601  � 12.85    �    2.17  – 13.39    �    1.99 0.533 1.45

    FC, fold change;  Δ Ct, delta threshold cycle.   
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it is probable that miR-150-5p may be as a tumour suppressor for 
ovarian cancer. Zhang et   al. (2008) have determined that miR-191 
(last name: miR-191-5p) was signifi cantly upregulated in whole 
blood patients with ovarian cancer. We found miR-191-5p over 
expression (FC: 22.01,  p     �    0.03). Laios et   al. (2008) showed that 
miR-206 and 34c (last name: miR-34c-5p) was upregulated in 
recurrent serous papillary ovarian cancer tissue samples. In the 
study, we observed plasma miR-206 and 34c-5p were signifi cantly 
upregulated when compared with control (FC:21.26,  p     �    0.001 
and FC:2.82,  p     �    0.004, respectively). As other plasma miRNAs 
alterations in our study, miR-206 and 34c-5p may also be a tumour 
derived alteration of plasma miRNAs. 

 In the present study, miR-548a-3p and 320a were signifi cantly 
over expressed in the plasma of ovarian cancer patients compared 
with control subjects (FC:15.20,  p     �    0.009 and FC:8.33,  p     �    0.023). 
Upregulation of miR-548a-3p and 320a in ovarian cancer has not 
been reported to the best of our knowledge. 

 H ä usler et   al. (2010) have determined that miR-574-3p was 
signifi cantly upregulated in whole blood patients with ovarian 
cancer (FC: 3.23). In this study, we detected over-expression in 
ovarian cancer group (FC: 7.08,  p     �    0.041). Th e expression of 
miR-590-5p was upregulated in hepatocellular carcinoma tissues 
(Yang et   al. 2013). 

 In the present study, miR-590-5p was signifi cantly over-ex-
pressed in the plasma of ovarian cancer patients compared with 
control subjects (FC: 6.78,  p     �    0.042). Plasma miR-106b (last 
name: miR-106b-5p) was signifi cantly elevated in gastric cancer 
patients than in healthy controls ( p    �     0.05) (Cai et   al. 2013). We 
determined that plasma miR-106b-5p was signifi cantly upregu-
lated in ovarian cancer patients (FC: 2.79,  p     �    0.001). 

 Th e early studies on the search for serum miRNA-based can-
cer biomarkers generally focussed on individual cancer-specifi c 
miRNAs. Th erefore, although one particular miRNA serum alone 
may help to distinguish between patients and healthy controls, a 
panel of miRNAs has a greater potential to off er a more specifi c 
diagnosis. In the validation phase of the present study, excitingly 
we determined 10 miRNAs which showed an ovarian cancer 
specifi c expression (miR-140-3p, 133a, 34a-5p, 146b-5p, 125a-3p, 
95, 16-5p, 138-5p, 17-5p and 323a-3p, respectively). Zhang et   al. 
(2008) determined that miR-323 and miR-140 (last name: 323a-3p 
and 140-3p) were expressed in EOC lines. Also, they found miR-
133a, miR-95 and 34a (last name: miR-34a-5p) were expressed in 
early and late stage ovarian cancer. Iorio et   al. (2007) showed that 
miR-125a (last name: miR-125a-3p) were downregulated normal 
compared with ovarian cancer. Dahiya et   al. (2008) reported that 

miR-146b (last name: miR-146b-5p) found upregulated in both 
tissues and cell lines compared with normal. 

 In conclusion, these diff erentially expressed miRNAs might 
be novel targets for the further investigation of the molecular 
pathogenesis and management of ovarian cancer. We suggest that 
miR-138-5p may be potential candidates for novel biomarkers in 
ovarian cancer. Th ese results should be confi rmed by larger stud-
ies and further studies for investigating the biological function 
and origin of circulating plasma miRNAs should be undertaken 
in the future.          
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