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Abstract 

 
Background: Ovarian cancer is the seventh most common cancer in women and the 

most frequent cause of gynaecological malignancy-related mortality in women. 

Currently, no standardized reliable screening test exists. MicroRNA profiling has 

allowed the identification of signatures associated with diagnosis, prognosis and 

response to treatment of human tumours. The aim of this study was to determine if a 

microRNA signature could distinguish between malignant and benign ovarian 

disease. 

 

Methods: A training set of 5 serous ovarian carcinomas and 5 benign serous 

cystadenomas were selected for the initial experiments. The validation set included 20 

serous ovarian carcinomas and 20 benign serous cystadenomas. The serum/plasma 

focus microRNA Exiqon panel was used for the training set. For the validation set a 

pick and mix Exiqon panel, which focuses on microRNAs of interest was used.  

 

Results: A panel of 4 microRNAs (let-7i-5p, miR-122, miR-152-5p and miR-25-3p) 

was significantly down regulated in cancer patients. These microRNAs target WNT 

signaling, AKT/mTOR and TLR-4/MyD88, which have previously been found to 

play a role in ovarian carcinogenesis and chemo resistance. 

 

Conclusion: let-7i-5p, miR-122, miR-152-5p and miR-25-3p could act as diagnostic 

biomarkers in ovarian cancer.  
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1. Introduction 

Ovarian cancer is the seventh most common cancer in women worldwide with 

239,000 new cases diagnosed in 2012 [1]. The incidence rates of the disease vary 

significantly across different regions of the world. In 2012 the rate of ovarian cancer 

was more than two times higher in Central and Eastern Europe compared with Eastern 

Asia [1]. The vast majority of women present in advanced stages and this is due to 

vagueness of symptoms. Early diagnosis is key as the 5 year survival rate for women 

diagnosed with late stage disease is less than 20% compared to up to 90% for women 

diagnosed at early stage disease [2-4]. 

 

Currently, no established screening program exists to reliably detect ovarian cancer. 

However, results are awaited from the UK screening trial, UKCTOCS in 2015. The 

only biomarker that is widely used in clinical practice is CA125 [5]. CA125 is found 

at abnormally high levels in 80% of patients with advanced stage disease. However, it 

is elevated in only 50% of women with early stage ovarian cancer.  

 

Recently, microRNAs; new biomarkers with diagnostic implications have been 

identified [6, 7]. MicroRNAs are endogenous non-coding RNA sequences of about 22 

nucleotides, which processed from 70-100 nucleotide hairpin pre-microRNAs [8-10]. 

MicroRNAs inhibit gene expression by inducing degradation or repressing translation 

of mRNAs when the nucleotide sequences of microRNAs are entirely or partially 

complementary to the 3′-untranslated regions of targeted mRNAs [11-13].  

An increasing number of studies have revealed the vital role microRNAs play in 

ovarian cancer carcinogenesis [14-21]. However, Most of these studies have been 

performed on ovarian tissue samples. Recent studies have demonstrated that 

microRNAs are circulating freely in serum and other body fluids in a highly stable, 

cell-free form [22-29]. Circulating microRNAs are highly tissue specific that can 

identify origin of metastasis and can be used as non-invasive biomarkers for cancers 

[22, 30, 31]. Several studies reported the association of circulating microRNAs with 

ovarian cancer detection, staging, grading of the disease, outcome and overall survival 

[32-35].  
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While microRNAs are abundant in tissues, they are often scarce in plasma and serum. 

For quantification of microRNA in plasma it is therefore essential to use a platform 

with high sensitivity and linear performance in the low concentration range. The 

performance of Exiqon and other available microRNA quantification platforms has 

been evaluated in one study. The reproducibility and sensitivity of Exiqon and other 

platforms was good and comparable for samples with abundant microRNAs. 

However, for the analysis of samples with low microRNAs such as serum and plasma, 

the miRCURY platform was significantly more sensitive than the other platforms 

[36]. Moreover, Exiqon platform developed a set of quality control for monitoring of 

haemolysis, which was not been addressed by other platforms. In this study we 

profiled microRNAs from serum of patients diagnosed with ovarian cancer and 

benign ovarian disease using Exiqon platform, which takes all of these factors into 

consideration. Our objectives were to assess the utility of microRNAs as diagnostic 

biomarkers for ovarian cancer and to determine if microRNAs could distinguish 

malignant from benign ovarian lesions. 

 

2. Material and Methods 

2.1 Samples  

Peripheral blood samples were collected in St. James’s Hospital. Ethical approval was 

obtained from St. James’s Hospital and Adelaide and Meath Hospital, Dublin 

Incorporating the National Children’s hospital research Ethics Committee.  

Whole blood collected in VACUETTE® tubes was centrifuged at 7500 rpm for 10 

minutes. Serum was removed, aliquoted and stored at -80°C.  

 

2.2 RNA isolation  

 

Serum was thawed on ice and centrifuged at 3000 g for 5 min in a 4 °C 

microcentrifuge. Total RNA was extracted from serum using the Qiagen miRNeasy® 

Mini Kit according to manufacturer’s instruction. The RNA was stored at -80 °C. 
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2.3 microRNA real-time qPCR 

RNA was reverse transcribed using the miRCURY Locked Nucleic Acid (LNA™) 

Universal Reverse Transcription (RT) microRNA PCR, Polyadenylation and cDNA 

synthesis kit-Exiqon. cDNA was diluted 50 x and assayed in 10 ul PCR reactions 

according to the protocol; each microRNA was assayed once by qPCR on the 

microRNA Ready-to-Use PCR serum/plasma panel for the pilot study and custom 

Pick-&-Mix for the validation study. Negative controls excluding template from the 

reverse transcription reaction was performed and profiled like the samples.  

 

The amplification was performed in a LightCycler® 480 Real-Time PCR System 

(Roche) in 384-well plates. The amplification curves were analyzed using the Roche 

LightCycler software, both for determination of Cp (or Ct depends on PCR machine) 

(by the 2nd derivative method) and for melting curve analysis. 

5 serous ovarian carcinomas and 5 benign serous cystadenomas were selected for the 

pilot study. A validation study included 20 serous ovarian carcinomas and 20 benign 

serous cystadenomas. The characteristics of study subjects are given in Table 1. 

 

2.4 Data quality control 

2.4.1 Signals from negative controls 

The data set that passed the quality controls was compared to a blank purification 

sample; negative control (No Template Control, NTC), which was included in the RT 

step. NTC detects RNA contamination in the RT step. An assay is required to be 

detected 5 Cp’s lower than the negative control to include it in the data analysis. For 

assays that do not yield any signal on the negative control, the upper limit of detection 

is set to Cp =37  

2.4.2 Spike-ins (technical controls) 

An RNA spike-in kit for quality control of the cDNA synthesis has been applied. The 

cDNA synthesis control (UniSp6) was added in the reverse transcription reaction 

giving the opportunity to evaluate the RT reaction. In addition to this a DNA spike-in 

(Sp3) was present in triplicate on all panels. The DNA spike-in consists of a premixed 

combination of DNA template and primers. Deviations in this reaction will indicate 
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inhibitions at the qPCR level.  

2.4.3 Assessing hemolysis 

To assess hemolysis two microRNAs are used; miRNA-451a that is expressed in red 

blood cells and miRNA-23a-3p that is relatively stable in serum and plasma and not 

affected by hemolysis. The dCp value of miR-23a-3p/miR-451a was calculated. The 

ratio between these two microRNAs correlates to degree of hemolysis. Samples with 

ratios above 8.0 will have an increased risk of being affected by hemolysis. Samples 

with lower ratios are generally not affected by hemolysis.  

2.5 Data analysis 

The amplification efficiency was calculated using algorithms similar to the 

LinRegPCR software. All assays were inspected for distinct melting curves and the 

melting temperature (Tm) was checked to be within known specifications for the 

assay. Furthermore assays must be detected with 5 Cp’s less than the negative control, 

and with Cp<37 to be included in the data analysis. Data that did not pass these 

criteria were omitted from any further analysis. 

2.6 Normalization 

Normalization of serum/plasma microRNA qPCR data is challenging. It adjusts for 

technical biases (RNA amount, quality etc). Normalization is necessary to make 

expression values comparable across samples. No housekeeping genes are stably 

expressed in all situations. With qPCR panels, no prior assumptions are made about 

housekeeping genes. Normalization is performed based on the average of the assays 

detected in all samples as this is shown to be the best normalization for qPCR studies 

involving numerous assays [37]. For the training set, this included 95 assays.  

 

Normalization for the validation set is performed based on the average of the 

normalizer assays and this included has-miR-103a-3p, miR-27b-3p, miR-30b-5p and 

miR-101-3p. The stability of the average of 95 microRNAs is higher than any single 

microRNA in the data set as measured by the normfinder software [37]. The formula 

used to calculate the normalized Cp values are: 

Normalized Cp = average Cp (n=10)–assay Cp (sample) A higher value thus indicates 

that the microRNA is more abundant in the particular sample.  
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2.7 Bioinformatics 

Validated targets were identified using the MIRWALK database focusing on 

validated targets, which were then uploaded into DAVID pathway analysis software. 

ENTREZ_GENE_ID was selected as a gene identifier and Gene List as the list type. 

KEGG PATHWAY was chosen to see a list of enriched pathways described in the 

KEGG database. 
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3. Results 

3.1 Controls (NTC and RNA spike-in) indicated good technical performance of 

the profiling experiment 

Signals from negative controls were compared with data set readings that passed 

quality control showing there was no contamination in the RT step, hence indicating 

efficient extraction. (Figure 1 a&b).  

 

RNA and DNA spike-in are used as technical controls to check if the technical 

performance of all samples is similar. The steady level of these assays for both the 

Sp3 and Sp6 assays indicate that both RT and qPCR were successful (Figure 1 c&d 

and Tables 2&3). 

 

3.2 Evaluation for potential hemolysis of the blood samples 

The ratio between miRNA-23a-3p and miRNA-451a, which monitor haemolysis was 

calculated. The dCp (23a-3p /451a) were lower than 8.0 in all samples showing 

minimal signs of hemolysis problems (Figure 2 a, Table 4). 

 

3.3 Number of assays detected in all samples 

Of the 176 assays included in miRCURY LNA™ Universal RT Serum Panel 95 

assays were detected in all samples. Based on the results of the pilot study the top 23 

deregulated microRNAs (based on fold changes and p-value) were validated (Table 

5). Of the 23 microRNAs included in the panel 8 microRNAs were detected in all 

samples. 

To crudely determine data quality for each sample the number of microRNAs 

detected as well as the average Cp for each sample was compared in all samples. In 

this study the samples were alike in microRNA content, suggesting that the samples 

were of similar quality and have been processed reproducibly (Figure 2 b&c).  

 

3.4 microRNAs are downregulated in the malignant group 

When comparing malignant and benign groups using a Students t-test, five 

microRNAs were differentially expressed using a cutoff of p-value< 0.05. Four of 

these p-values passed a Benjamini Hochberg correction for multiple testing. Table 6 

shows the individual results for the top 8 microRNAs. 
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3. 5 Hierarchical clustering 

The heat map diagram shows the result of the two-way hierarchical clustering of 

microRNAs and samples. Each row represents one microRNA, and each column 

represents one sample. The microRNA-clustering tree is shown on the left. The color 

scale shown at the bottom illustrates the relative expression level of a microRNA 

across all samples: red color represents an expression level above mean, green color 

represents expression lower than the mean. 

The top 50 microRNA have been included in the two-way hierarchical clustering of 

microRNAs (Figure 3). Heat Map and Unsupervised Hierarchical Clustering is 

performed on all samples, and on the top 50 microRNAs with highest standard 

deviation. The normalized (dCp) values have been used for the analysis.  

 

3.6 Bioinformatic analysis of the validated targets for the four-downregulated 

microRNAs revealed numerous pathways involved in cancer 

 

Bioinformatic analysis of the deregulated microRNAs in cancer patients in our study 

demonstrated several pathways. Validated targets were identified using the 

MIRWALK database. 919 validated targets were identified for the top four 

microRNAs. 578 validated targets for let-7i-5p, 212 for miR-122-5p, 81 for miR-25-

3p and 48 targets for miR-152 have been found.  

 

The validated targets were then uploaded into the DAVID pathway analysis software. 

KEGG PATHWAY was chosen to see a list of enriched pathways described in the 

KEGG database. To avoid over counting duplicated genes, the Fisher Exact statistics 

is calculated based on corresponding DAVID gene IDs by which all redundancies in 

original IDs are removed. All result of Chart Report has to pass the thresholds (by 

default, Max.Prob.<=0.1 and Min.Count>=2) in Chart Option section to ensure only 

statistically significant ones displayed, the smaller the p value the more enriched the 

pathway. Tables 7,8,9,10 and 11(Supplemental) show lists of pathways, which 

involve the validated targets for differentially deregulated microRNAs in ovarian 

cancer patients in this study. 
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When examined individually the validated targets of the microRNAs were found to be 

involved in numerous pathways; let-7i-5p in 56 pathways, miR-122-5p in 34 

pathways, miR-152 in 20 pathways and miR-25-3p in 34 pathways in ovarian cancer 

and other cancers such as pancreatic cancer, colorectal cancer and others. When all 

four microRNAs were examined together to determine common pathways in relation 

to ovarian cancer the following pathways were revealed, Toll-like receptor signaling, 

mTOR signaling, and VEGF signaling pathways.  

 

3.6 microRNAs have prognostic potential 

 
Patterns of microRNAs were analysed in relation to chemotherapy response. Patients 

who developed chemoresistance early lost expression of let-7i, which might suggest 

its utility as a prognostic marker.  
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4. Discussion 

This study successfully profiled and validated differentially regulated microRNAs in 

serum from ovarian cancer patients versus benign controls using the Exiqon platform 

and revealed four (let-7i-5p, miR-152, miR-122-5p and miR-25-3p) significantly 

down-regulated microRNAs in cancer patients.  

The majority of miRNA papers published across multiple disease systems to date 

consider a change of >1.5 fold as significant [38-40] and confirm subtle changes in 

microRNA expression can have a significant and more dramatic knock-on effect for 

the mRNA/protein expression levels [41, 42].   

 

Circulating microRNAs are rarely more differentially expressed than 2-3 fold. The 

Exiqon platform used in our study is sensitive enough to reliably detect differences in 

that range. Recent papers [43, 44] that used Exiqon qPCR technology report fold 

changes in the same range as the current study. So the microRNA community as such 

accepts that small changes are/can be meaningful. 

Exiqon has several advantages compared to other platforms. One of these advantages 

is adding a carrier RNA during the purification procedure, which ensures the highest 

and most consistent yield from serum samples. In addition, it minimizes the carry-

over of enzyme inhibitors, which are present at high levels in serum and that affect 

the efficiency of the RT or PCR reactions while maximizing the RNA yield.  

 

Furthermore, Exiqon has developed a set of synthetic RNA spike-ins that can be used 

to perform qPCR-based quality control of RNA samples. Another advantage is 

monitoring of hemolysis, where the level of miR-451a in red blood cells is compared 

with miR-23a-3p [45]. Blood cells are a major contributor to circulating microRNAs 

and perturbations in blood cell counts and hemolysis can alter the plasma levels of 

microRNA biomarker by up to 50-fold [46]. Measurements of the level of these 

microRNAs in whole blood, plasma, red blood cells and peripheral blood cells 

revealed that the microRNA content of red blood cells represents the major source of 

variation in miR-451a levels measured in plasma [47]. Our study addressed the issue 

of microRNA abundance arising from haemolysed red blood cells, which was not 

addressed by previous serum studies. 
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Our study has many advantages over previous studies. Firstly, we used benign disease 

as a control group compared to most studies, which used healthy women as a control 

group. As ovarian cancer affects postmenopausal women, it was very difficult to get 

age matched healthy control; furthermore healthy women need to be followed to 

ensure absence of other disease. In addition, many of the microRNAs published as 

being associated with ovarian cancer were found in our group so most likely they are 

related to the benign tumorigenesis process and not malignant disease. Also the 

malignant group was confined to the most common and lethal histological subtype 

high-grade serous cancers.  

 

Let-7i was the most significant down-regulated microRNA in our study. It has been 

extensively researched in ovarian cancer and was significantly decreased in 

chemotherapy-resistant patients [48]. Reduced let-7i expression in tissue was 

significantly associated with shorter progression-free survival of patients who 

presented with advanced ovarian cancer. These results strongly indicate that let-7i 

might be used as a therapeutic target to modify platinum-based chemotherapy and as a 

biomarker to predict response to chemotherapy and survival in patients with ovarian 

cancer [48]. Loss of let-7i was found to correlate with intrinsic chemoresistance, 

which might suggest its role, as a triage marker for chemotherapy and this would need 

to be evaluated in a larger cohort. 

 

The TLR4 gene is a validated target of the let-7i miRNA and our group has just 

recently demonstrated that overexpression of TLR4/MyD88 is an adverse prognostic 

marker in ovarian cancer [49]. We have shown that overexpression of TLR4 and 

MyD88 results in a shorter progression free survival and overexpression of MyD88 in 

a shorter overall survival. Of interest in our cohort this miRNA disappeared in those 

patients who developed chemoresistance early which further strengthens the evidence 

for the importance of this miRNA in ovarian cancer.  

 

Let-7i has been linked to invasion, one of the key hallmarks of cancer that 

differentiates benign and malignant cases. One study revealed a role for Let-7i in the 

initiation and malignant progression of locally advanced gastric cancer (LAGC) and 

its possible value in prediction of neo-adjuvant chemotherapeutic efficacy [50]. 
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Reduced let-7i expression was an unfavorable prognostic factor of overall survival 

independently of other clinic-pathological factors, such as tumor node metastasis and 

depth of infiltration [50]. These results suggest that let-7i might act as a useful 

therapeutic target and a potential prognostic biomarker in LAGC patients [50] and it 

may play a similar role in ovarian cancer. Our study is the first to report serum let-7i 

in the context of a cancer biomarker.  

miR-122 has not been reported in ovarian cancer previously but it has been associated 

with other cancers such as breast cancer. miR-122 was reported to serve as a tumour 

suppressor and has a vital role in inhibiting breast cancer tumorigenesis through 

targeting IGF1R and regulating the PI3K/Akt/mTOR/p70S6K pathway. These 

findings indicate that miR-122 may be a novel therapeutic or diagnostic/prognostic-

target for treating breast cancer [51] and may play a similar role in ovarian cancer, 

which requires further investigation. 

miR-152 was significantly reduced in ovarian cancer tissues compared to normal 

ovarian epithelium tissues [52]. Overexpression of miR-152 and miR-185 enhanced 

cisplatin sensitivity by inhibiting proliferation and accelerating apoptosis through 

direct targeting of DNA methyltransferase 1 (DNMT1) tumour angiogenesis and 

increasing vascular permeability. [53]. 

miR-152 has also been linked to invasion; it was significantly decreased in primary 

prostate cancer compared to that in non-malignant samples [54]. The potential of 

miR-152 as a tissue-based biomarker has been demonstrated in many studies 

described above and our study now for the first time demonstrates its utility as a 

serum based diagnostic biomarker. 

miR-25 is another microRNA, which was highly expressed in ovarian cancer samples 

and cell lines [55]. In this study apoptosis was induced by down-regulation of miR-25 

in ovarian cancer cells, while overexpression of miR-25 enhanced cell proliferation. 

There was an inverse relationship between the pro-apoptotic protein Bim and 

expression of miR-25 expression in ovarian cancer tissues. These results suggested 

that miR-25 directly regulates apoptosis through targeting Bim in ovarian cancer and 

miR-25 may serve as a potential therapeutic target for ovarian cancer [55].  

When carry out pathway analysis on each microRNA individually a number of 
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pathways were discovered such as Toll-like receptor (TLR) and mTOR signaling 

pathways for let-7i-5p, p53 pathway and TLR for miR-122-5p and miR-25-3p and 

TLR for miR-152. Analysis of the validated targets for the four differentially 

regulated microRNAs together revealed numerous pathways involved in cancer such 

as WNT signaling, AKT/mTOR, VEGF and TLR-4/MyD88 signaling pathway. WNT 

signaling pathway has previously been found to play a role in ovarian carcinogenesis 

[56].  

Another pathway is the AKT/mTOR signaling, which is frequently overexpressed in 

epithelial ovarian cancer and was targeted by validated targets of let-7i-5p and miR-

122-5p. In vivo administration of mTOR inhibitors in ovarian cancer xenografts is 

associated with antitumoral and antiangiogenic effects [57]. Currently mammalian 

target of rapamycin (mTOR) inhibitors, poly-ADP-ribose polymerase (PARP) 

inhibitors and components of the EGFR pathway are in the focus of clinical research 

[58].  

VEGF is a key factor involved in the development of ovarian cancer by enhancing 

validated targets of miR-122-5p. VEGF levels have been inversely correlated with 

survival. Furthermore, inhibition of VEGF found to suppress tumor invasion and 

metastasis [59]. 

TLR-4/MyD88, which was targeted by validated targets for the four microRNAs, has 

in recent years been proposed as a risk factor for carcinogenesis and chemoresistance 

in ovarian cancer [60, 61] and as discussed above our group and others have 

demonstrated its importance.  

While it has been observed that TLR-4 expression is ubiquitous in Epithelial Ovarian 

Cancer (EOC) cells, a subgroup differentially expressing MyD88 has demonstrated 

increased cytokine/chemokine production and cellular proliferation upon activation of 

TLR-4 [60]. More recently MyD88 protein expression was shown to be a significantly 

poor factor in EOC by our group and others [49, 62]. 

 

5. Conclusion 

Four microRNAs were significantly downregulated in cancer patients. The validated 

targets for the significantly differentially expressed microRNAs revealed numerous 
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pathways involved in cancer such as WNT signalling, AKT/mTOR, TLR-4/MyD88 

and VEGF signaling pathway.  

 

Clearly our identified microRNAs have shown some potential as serum biomarkers in 

other cancers and some have already shown important roles in the biology of ovarian 

cancer including their invasive potential, which is one of the key hallmarks that 

segregates benign and malignant tumours. Discriminating malignant from benign 

disease has important clinical implications such as less radical treatment for benign 

lesions, preservation of fertility in young women and reserving waiting lists in 

gynaecological cancer centers for malignant cases.  A prospective validation study is 

warranted to evaluate the clinical performance of the panel.  
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