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Background: Owing to late diagnosis in advanced disease stages, prognosis of patients with epithelial ovarian cancer (EOC) is
poor. The quantification of deregulated levels of microRNAs could facilitate earlier diagnosis and improve prognosis of EOC.

Methods: Seven microRNAs (miR-7, miR-16, miR-25, miR-93, miR-182, miR-376a and miR-429) were quantified in the serum of 180
EOC patients and 66 healthy women by TaqMan PCR microRNA assays. Median follow-up time was 21 months. The effects of
miR-7 and miR-429 on apoptosis, cell proliferation, migration and invasion were investigated in two (EOC) cell lines.

Results: Serum levels of miR-25 (P¼ 0.0001) and miR-93 (P¼ 0.0001) were downregulated, whereas those of miR-7 (P¼ 0.001) and
miR-429 (P¼ 0.0001) were upregulated in EOC patients compared with healthy women. The four microRNAs discriminated EOC
patients from healthy women with a sensitivity of 93% and a specificity of 92%. The levels of miR-429 positively correlated with
CA125 values (P¼ 0.0001) and differed between FIGO I–II and III–IV stages (P¼ 0.001). MiR-429 was an independent predictor of
overall survival (P¼ 0.011). Overexpressed miR-429 in SKOV3 cells led to suppression of cell migration (P¼ 0.037) and invasion
(P¼ 0.011). Increased levels of miR-7 were associated with lymph node metastases (P¼ 0.0001) and FIGO stages III–IV (P¼ 0.0001).
Overexpressed miR-7 in SKOV3 cells resulted in increased cell migration (P¼ 0.001) and invasion (P¼ 0.011). Additionally, the
increased levels of miR-376a correlated with FIGO stages III–IV (P¼ 0.02).

Conclusions: Our data indicate the diagnostic potential of miR-7, miR-25, miR-93 and miR-429 in EOC and the prognostic
potential of miR-429. This microRNA panel may be promising molecules to be targeted in the treatment of EOC.

Epithelial ovarian cancer (EOC) is the most lethal gynecological
cancer in the western world. The high mortality may also be due to
the fact that EOC is usually detected too late. Approximately 70%
of patients are diagnosed with advanced FIGO stages (III or IV)
and have a 5-year survival rate of o40%, whereas patients who are
diagnosed with FIGO stage I or II have a longer 5-year survival rate
of 70–90%. Current diagnostic methods for detection and
monitoring of EOC mainly include pelvic examination and
transvaginal ultrasound and measurement of serum biomarker
CA125 (carbohydrate antigen 125) (Jayson et al, 2014). However,

these methods are not sufficiently specific to diagnose EOC at an
early stage, as, for example, CA125 is only elevated in
approximately 50% of stage I and in 70–90% of advanced diseases
(Meinhold-Heerlein and Hauptmann, 2014). Thus sensitive, non-
invasive biomarkers might help to improve early detection and to
guide therapy.

Such markers could be microRNAs (miRNAs). These small
regulatory and non-coding RNA molecules consist of approxi-
mately 22 nucleotides (Davidson et al, 2014). They inhibit the gene
expression posttranscriptionally by binding specifically to the
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30 untranslated-region (30UTR) of their target mRNAs. Gene
silencing can occur through the translational inhibition or cleavage
of their target mRNAs depending on the complementary sequence
between binding sites of the specific mRNAs and miRNAs (Bartel,
2009). One miRNA can potentially bind to hundreds of target
genes and is, therefore, involved in the regulation of various
cellular processes, such as development, differentiation and
proliferation (Cheng et al, 2005). As miRNA loci frequently map
to fragile chromosomal regions harbouring DNA amplifications,
deletions or translocations, their expression is often deregulated
during tumorigenesis (Heneghan et al, 2010). MiRNAs are released
into the blood circulation by active cell secretion or by apoptotic
and necrotic cells (Schwarzenbach et al, 2011) and exist there
either cell freely, associated with Argonaut or HDL proteins, or in
exosomes (Simpson et al, 2009).

We, therefore, selected miR-7, miR-16, miR-25, miR-93, miR-
182, miR-376a and miR-429 for our study, because these miRNAs
have cancer-specific characteristics that could also be interesting
for EOC. The aim of this study was to investigate the expression
pattern of this miRNA panel in a large EOC patient cohort with a
long follow-up and whether its signature may serve as a minimally
invasive diagnostic and prognostic marker for EOC. We also
compared these serum miRNAs with serum CA125, in particular
to increase the sensitivity of EOC detection in EOC patients.

MATERIALS AND METHODS

Study populations. Serum samples from 180 consecutive EOC
patients treated at the University Medical Center Hamburg-
Eppendorf, Department of Gynecology for histologically confirmed
International Federation of Gynecology and Obstetrics (FIGO)
stages I-IV were included. Mean and median ages were 60 and 62
years, respectively, and ranged between 25 and 91 years. Borderline
ovarian tumours or benign ovarian tumours were not part of this
study. Blood serum samples were collected directly before surgery
of the primary tumour between February 1997 and April 2013. All
patients gave written informed consent to access their blood
samples and review their medical records according to our
investigational review board and ethics committee guidelines.
Regarding blood processing, uniform management concerning the
specific described protocols was performed. The median follow-up
time was 21 months (range 1–176 months). Patients were treated
according to national guidelines (Wagner et al, 2013). First-line
treatment after primary surgery consisted of carboplatin and
paclitaxel. Detailed patient characteristics are summarised in
Table 1.

In addition, serum samples were collected from 66 age-matched
(mean age of 59 years and median age of 57 years, range 37–85
years) healthy women with no history of any cancer and in good
health based on self-report. This group served as a control
population. Blood collection and experiments were performed in
compliance with the Helsinki Declaration and were approved by
the ethics committee (Ethik-Kommission der Ärztekammer
Hamburg, Hamburg).

Extraction of small RNA and conversion into cDNA. Small
RNA was extracted from 300 ml serum using the NucleoSpin
miRNA Plasma Kit (Macherey-Nagel, Düren, Germany) and
according to the manufacturer’s instructions. For extraction
efficiency, 20 fmol of synthetic non-human cel-miR-39 was added
as an exogenous spike in control. Reverse transcription was
performed by the TaqMan miRNA Reverse Transcription Kit
(Life Technologies, Grand Island, NY, USA) and according to the
manufacturer’s instructions.

Preamplification of miR-7, miR-182, miR-376a and miR-
429. Owing to the low expression levels of miR-7, miR-182,

miR-376a and miR-429 in EOC patients and healthy women, a
preamplification of its cDNA was performed. For an accurate
normalisation of these miRNAs, cDNA of the reference miR-484
was also preamplified. To avoid false positive data (e.g., primer
dimer formation or unspecific PCR products) derived from
preamplification or real-time PCR, a negative control without
any templates was included from the starting point of reverse
transcription. To check whether the PCR products are real
amplification products, we analysed them by agarose gel
electrophoresis.

Quantitative real-time PCR of miR-7, miR-16, miR-25, miR-93,
miR-182, miR-376a and miR-429. The miRNA-specific TaqMan
miRNA assays (Life Technologies) for miR-484 (reference
miRNA), miR-7, miR-16, miR-25, miR-93, miR-182, miR-376a
and miR-429 were used, and each miRNA was quantified by real-
time PCR in triplicate assay, as described in our previous article
(Joosse et al, 2014).

Normalisation and data analyses. There is no consensus
concerning the normalisation of circulating miRNAs. Therefore,
we described the shortcomings on the data normalisation by a
reference miRNA in our review article (Schwarzenbach et al,
accepted by Clin Chem). The wrong choice of a reference miRNA
can have serious impact on the actually available miRNA transcript
levels and consequently on the biological interpretation of data.
We, therefore, chose miR-484 as reference to normalise our

Table 1. Characteristics at the time of first diagnosis of EOC
patients

Parameters Patients (%)
EOC patients 180 (100)

Age 60 years (range 25–91 years)

FIGO stage
FIGO I–II 32 (17.8)
FIGO III–IV 147 (81.7)
Unknown 1 (0.5)

Grading
Low grade 57 (31.7)
High grade 120 (66.7)
Unknown 3 (1.6)

Lymph node metastasis
N0 51 (28.3)
N1 88 (48.9)
Unknown 41 (22.8)

CA125, U ml�1

o35 13 (7.2)
35–65 7 (3.9)
465 148 (82.2)
Unknown 12 (6.7)

Overall survival
Dead 82 (45.6)
Alive 97 (53.9)
Unknown 1 (0.5)

Recurrence
Yes 97 (53.9)
No 82 (45.6)
Unknown 1 (0.5)

Tumour residual
Tumor-free 125 (69.4)
o1 cm 27 (15.0)
41 cm 19 (10.6)
Unknown 9 (5)

Healthy women 66 (100)

Age 59 years (range 37–85 years)

Abbreviations: CA125¼ carbohydrate antigen 125; EOC¼ epithelial ovarian cancer; FIGO¼
International Federation of Gynecology and Obstetrics.
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miRNA data, because this miRNA showed the smallest variations.
In the serum samples of EOC patients and healthy women, we
calculated a mean value of 16.92 (s.d.¼ 1.41) and 16.18
(s.d.¼ 1.08), respectively. Based on its stable expression, miR-484
has also been recommended as a reference gene in the serum of
breast cancer (Hu et al, 2012). The obtained data of the miRNA
expression levels were calculated and evaluated by the DCq method
as follows: DCq¼mean value Cq (reference miR-484)�mean
value Cq (miRNA of interest) and the relative miR levels
corresponded to the value of 2(DCq). The interindividual variability
of the efficiency of our procedures was also controlled by spiking of
cel-miR 39. Our measurements showed a mean value of 21.69 with
an s.d. of 0.82 and a median value of 21.66, indicating that our data
are relatively robust.

Cell lines and transient transfection. The cell lines SKOV3 and
OVCAR8 were cultured in McCoy’s 5A modified medium and
RPMI 1640 with GlutaMAX medium (Life Technologies),
respectively, supplemented with 10% FCS (fetal calf serum; PAA
Laboratories, Cölbe, Germany) under standard conditions (37 1C,
5% CO2, humidified atmosphere). SKOV3 and OVCAR8 cells were
transfected with the double-stranded miScript miRNA mimic miR-
7 or miR-429 at final concentrations of 10 nM (Qiagen, Hilden,
Germany) or with the single-stranded miScript inhibitor miR-7 or
miR-429 or scrambled (negative) miRNA control at final concen-
tration of 50 nM (Qiagen) with 2ml X-tremeGENE HP DNA
Transfection Reagent (Roche Diagnostics, Mannheim, Germany).

Apoptosis assay, flow cytometry and MTT assays. These assays
are described in the Supplementary Materials.

Cell migration and invasion assays. Cell migration and invasion
were performed using 8-mm pore uncoated or BME (basement
membrane extract)-coated transwell inserts, respectively (Trevigen,
City of Gaithersburg, MD, USA), as described in our previous work
(Eichelser et al, 2014).

Statistical analyses. The statistical analyses were performed using
the SPSS software package, version 18.0 (SPSS Inc., Chicago, IL,
USA) and MatLab R2012b (The MathWorks Inc., Natick, MA,
USA). Relative expression data were log2 transformed in order to
obtain normally distributed data. Statistical difference of miRNA
expressions between healthy controls and EOC patients were
calculated using ANOVA with Tukey’s HSD test for all pairwise
comparisons that correct for experiment-wise error rate. Two-
sample comparisons were performed using Student’s t-test for equal
or unequal variance where appropriate, and the Holm–Bonferroni
method was employed for multiple comparison correction.
Predictive value of expression data was performed using leave-
one-out cross-validation in multinomial logistic regression. Bivariate
analyses of the Spearman-Rho test were used. Diagnostic power of
the miRNAs was analysed by receiver operating characteristic
(ROC) curves. Areas under the curves (AUC) were calculated,
assuming nonparametric distribution. Univariate and multivariate
analyses were performed for prognostic factors of overall survival
using the Cox regression model. Kaplan–Meier plots were drawn on
to estimate overall and disease-free survival, and the log-rank test
was applied for statistical analyses. Missing data were handled by
pairwise deletion. A P-value o0.05 was considered statistically
significant. All P-values are two sided.

RESULTS

Quantification of serum miR-7, miR-16, miR-25, miR-93, miR-
182, miR-376a and miR-429. The reason for this miRNA
selection was that miR-7 is able to inhibit tumour metastasis and
reverse epithelial–mesenchymal transition (EMT) through AKT
and ERK1/2 pathway inactivation by reducing EGFR expression in

EOC cell lines (Zhou et al, 2014). There are discrepant findings on
miR-16. This miRNA has been described to be a reference gene for
data normalisation (McDermott et al, 2013) or be deregulated in
different cancer types (Cui, 2015; Stuckrath et al, 2015). MiR-25
and miR-93 are involved in proliferation, migration and invasion
and have diagnostic and prognostic potential in various cancer
types (Smith et al, 2012; Komatsu et al, 2014; Li et al, 2015). MiR-
182 is involved in aggressive EOC (Xu et al, 2014). MiR-376a can
regulate proliferation, apoptosis, migration and invasion in
metastatic prostate cancer cells (Formosa et al, 2014). Finally,
miR-429 is involved in mesenchymal–epithelial transition (MET)
by targeting ZEB1 and ZEB2 (Gregory et al, 2008). To date,
circulating, cell-free transcript levels of our miRNA panel have
only been quantified for miR-93 in the serum of a small cohort of
EOC patients (Ji et al, 2014). The particular features of these
miRNAs provoked us to analyse their profile in EOC serum.

The transcript levels of total small RNA and our miRNA panel
(miR-7, miR-16, miR-25, miR-93, miR-182, miR-376a and miR-
429) were quantified in the serum samples of 180 EOC patients
and 66 age-matched healthy women by NanoDrop Spectro-
photometer and TaqMan PCR, respectively. The total small serum
RNA levels were significantly higher in EOC patients than in
healthy women (P¼ 0.0001, Supplementary Figure S1). The serum
levels of circulating miR-7 (P¼ 0.001) and miR-429 (P¼ 0.0001)
were significantly higher, whereas the levels of miR-25 (P¼ 0.0001)
and miR-93 (P¼ 0.0001) were significantly lower in EOC patients
compared with healthy women. Moreover, the levels of miR-376a
were only slightly increased (P¼ 0.049), while the levels of miR-16
and miR-182 were similar between the patient cohort and healthy
controls (Figure 1A). AUC values of upregulated miR-7 and miR-
429 were 0.675 and 0.845 (Figure 1B), respectively, while those of
downregulated miR-25 and miR-93 were 0.834 and 0.790
(Figure 1C), respectively, showing the significant difference of
the transcript concentrations between EOC patients and healthy
women.

For discriminant analysis between healthy women and
EOC patients, we used the panel of the four significant miRNAs
(miR-7, miR-25, miR-93 and miR-429) and randomly selected
60% (n¼ 108) of the patient sample cohort as a training set
for the binomial logistic regression-based classifier. The remain-
ing 40% (n¼ 72) was used as an independent test set, resulting in
a sensitivity of 93% and a specificity of 92% to detect EOC by
this miRNA panel (Figure 1D). Sensitivities and specificities
of each miRNA and the miRNA panel were determined
by the highest Youden index (sensitivityþ specificity� 1)
(Figure 1E).

Correlation of the miRNAs with clinicopathological features.
These findings provoked us to investigate whether the changes in
the concentrations of these miRNAs correlate with the values of
tumour marker CA125. Serum CA125 assessment is currently the
standard of care in performing diagnosis, following response to
treatment, and predicting prognosis of EOC patients. Its sensitivity
increases during cancer progression (Meinhold-Heerlein and
Hauptmann, 2014). We detected that only miR-429 concentrations
correlated with CA125 values (r¼ 0.379, P¼ 0.0001, Figure 2C).
As no CA125 values were measured in healthy women, we could
not determine and compare its sensitivity and specificity with those
of serum miR-429 to detect EOC. Moreover, the patient subgroups
harbouring CA125 values of o35 U ml� 1 (normal range, n¼ 13)
or CA125 values of 35–65 U ml� 1 (threshold range, n¼ 7) were
too small to statistically evaluate the relative data of miR-429 in
these subgroups in comparison with the healthy population.
However, we detected that patients with normal and threshold
CA125 values had about two- and three-fold higher mean serum
levels of miR-429 than healthy women (n¼ 66), respectively (data
not shown).
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We also compared the relative concentrations of circulating
miR-7, miR-16, miR-25, miR-93, miR-182, miR-376a and miR-429
in the serum of EOC patients with their clinically relevant patient
characteristics (grading, lymph node status and FIGO stages).
Supplementary Table S1 summarises the P values of the miRNA
variables between different patient subgroups and control group.
Our findings revealed the significant difference of the levels of
miR-7 between healthy women and EOC patients (P¼ 0.001,
Figure 1A). However, a closer examination showed that the levels
of circulating miR-7 were mainly increased in patients with lymph
node metastases (P¼ 0.0001, Figure 2B) and FIGO stage III–IV
(P¼ 0.0001, Figure 2A) and differed between FIGO I–II and FIGO
III–IV (P¼ 0.011). On the other hand, the levels of miR-7 were
increased in both subgroups of patients with lower
(low grade; P¼ 0.0003) or higher (high grade; P¼ 0.001) grading
compared with healthy women (supplementary Table S1). The
serum levels of miR-376a were only associated with FIGO III–IV
(P¼ 0.02) but not with FIGO I–II. In addition, the slightly higher
serum levels of miR-376a observed in EOC patients compared with
healthy women (P¼ 0.049, Figure 1A) may be due to the higher
levels of miR-376a in patients with FIGO III–IV (P¼ 0.02,
Figure 2A). These findings indicate that changes in the levels of
miR-7 and miR-376a particularly occurred in advanced cancer
(with distant metastases).

As shown in Figure 2A, the serum levels of miR-429
significantly differed between patients with FIGO I–II and those
with FIGO III–IV (P¼ 0.001). There was a continuous rise of
serum levels of miR-429 from healthy women over patients with
FIGO I–II (P¼ 0.002) to patients with FIGO III–IV (P¼ 0.0001).
ROC analyses showed that AUC values of CA125 and miR-429
were 0.822 and 0.704 (Figure 2D), respectively, showing the
significant difference of their levels between EOC patients with
FIGO I–II and FIGO III–IV. Using binary regression, the

combination of miR-429 and CA125 values negligibly increased
the AUC value of CA125 (from 0.822 to 0.826; Figure 2D).
Although this combination slightly improved the sensitivity of
CA125 (from 0.776 to 0.806), no change in their specificity could
be observed (0.778) to distinguish FIGO I–II from FIGO III–IV
(Figure 2E).

No correlations of miR-25 and miR-93 could be detected with
the clinicopathological data. Both miRNAs are located in the same
chromosomal cluster and display a similar deregulated expression
pattern in the serum of EOC patients. In all subgroups, their levels
were decreased compared with healthy women but could not differ
between the analogous subgroups (Supplementary Table S1).

Finally, significant associations of serum levels of circulating
miR-16 (P¼ 0.042), miR-376a (P¼ 0.023) and miR-429
(P¼ 0.005) could be detected for gross residual tumour (41 cm)
but not for residual tumour of o1 cm (Supplementary Table S1).
Although the miRNAs were quantified in preoperative serum
samples, this correlation of miRNA levels with the larger residual
tumour after surgery could point to a higher tumour load.
Moreover, the residual tumour correlated with tumour relapse
(P¼ 0.0001) and a poor survival (P¼ 0.0001, data not shown).

Prognostic value of increased expression levels of serum miR-
429. Kaplan–Meier and log-rank models were carried out to assess
the prognostic potential of our miRNA panel in EOC patients. The
censored samples with a follow-up of o6 months were excluded
for Kaplan–Meier and log-rank analyses. The median follow-up
time was 21 months (range: 1–176 months), while the median
overall and disease-free survival times were 22 and 15 months,
respectively. Median values of miRNAs were used for grouping the
serum samples according to low and high expression levels. As
shown in Figure 3, the serum concentrations of circulating
miR-429 significantly correlated with overall survival (P¼ 0.011,
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Figure 1. Quantification of miR-7, miR-16, miR-25, miR-93, miR-182, miR-376a and miR-429 in the serum of EOC patients. (A) The box plot
compares the miRNA concentrations in the serum of healthy women (n¼66) with EOC patients (n¼ 180). ROC analyses show the profiles of
sensitivity and specificity (B) of miR-7 and miR-429 and (C) of miR-25 and miR-93 to differentiate healthy individuals from EOC patients.
(D) Binomial logistic regression-based classifier indicates the diagnostic power of the panel of miR-7, miR-429, miR-25 and miR-93, with a
sensitivity of 93% and a specificity of 92% to distinguish healthy women from EOC patients. (E) The table summarises sensitivities and specificities
of miR-7, miR-25, miR-93 and miR-429 and their combination.
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log-rank test). Univariate analysis with the Cox proportional
hazards showed that serum miR-429 was a predictive factor (HR:
1.7837, 95% CI: 1.13–2.81). Performing multivariate Cox analyses,
the status of miR-429 expression along with FIGO stage (P¼ 0.031,
HR: 95% CI, 0.383–0.964,), tumour residual (P¼ 0.015, HR: 95%
CI, 0.361–0.894) and FIGO stage plus tumour residual (P¼ 0.027,
HR: 95% CI, 0.380–0.929) was an independent predictor of overall
survival in EOC patients. The other circulating miRNAs showed
no prognostic significance in our analyses.

Evaluation of miRNA data in the subgroup of high-grade,
serious EOC patients. To validate the above results, we further
examined the miRNA levels in 120 restricted EOC patients with

high-grade cancer, the most common histological subtype,
and found that the results were similar to those of the whole
patient cohort. The detailed characteristics of high-grade EOC
patients are summarised in Supplementary Table S3. In line with
the findings derived from the whole EOC patient cohort (n¼ 180),
the levels of miR-7 (P¼ 0.0001), miR-25 (P¼ 0.0001), miR-93
(P¼ 0.0001) and miR-429 (P¼ 0.0001) were deregulated in
high-grade EOC patients compared with those of healthy
women (Figure 4A), whereas the levels of miR-16, miR-182 and
miR-376a showed no difference between both cohorts
(Supplementary Table S2). In this high group, miR-7, miR-376a
and miR-429 shared similar expression patterns with FIGO stages.
As shown in Figure 4B, increased levels of miR-7 (P¼ 0.0001),
miR-376a (P¼ 0.046) and miR-429 (P¼ 0.0001) correlated with
FIGO III–IV compared with healthy women and showed a
significant difference between FIGO I–II and FIGO III–IV
(P¼ 0.006, P¼ 0.026, P¼ 0.0001, respectively). The increased
levels of miR-429 in high-grade EOC patients were still
significantly associated with increased CA125 values (P¼ 0.001,
r¼ 0.305, Figure 4C), similar to those observed in the whole
patient cohort. In addition, the levels of miR-7 and miR-429 were
upregulated in both subgroups of negative and positive lymph
node statuses (P¼ 0.027, P¼ 0.002; P¼ 0.0001, P¼ 0.0001;
respectively). In contrast, the levels of miR-25 and miR-93 were
decreased in the subgroups of FIGO I–II and FIGO III–IV
(P¼ 0.0001, P¼ 0.0001; P¼ 0.0001, P¼ 0.0001; respectively) and
both lymph node statuses (P¼ 0.0001, P¼ 0.0001; P¼ 0.0001,
P¼ 0.0001; respectively; Supplementary Table S2). The levels of
miR-429 levels showed a borderline significance with gross residual
tumour (41 cm, P¼ 0.049; Supplementary Table S2).

Whereas these results obtained from the high-grade group
corresponded to the whole EOC patient cohort, however, the
prognostic value of miR-429 detected in the whole EOC patient
cohort (overall survival, P¼ 0.011) could not be verified in hig-
grade serious ovarian cancer patients (P¼ 0.131, data not shown).
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Figure 2. Correlations of serum levels of miR-7, miR-376a and miR-429 with patient parameters. (A) The box plot compares the concentrations of
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lymph-node positive (N1, n¼ 88) patients. (C) The scatter plot shows the relative miR-429 concentrations vs the CA125 values in EOC patients.
(D) The ROC analyses show the sensitivities and specificities of CA125, miR-429 and their combination to differentiate FIGO I–II from FIGO III–IV.
(E) The table summarises sensitivities and specificities of CA125, miR-429 and their combination.
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MiR-429 and miR-7 have no impact on cell proliferation and
apoptosis of SKOV3 and OVCAR8 cells. For functional analyses,
we selected miR-429 and miR-7 owing to their significant
deregulation in EOC, in particular in advanced EOC. To determine
their effect on cell proliferation and apoptosis, these analyses were
carried out in SKOV3 and OVCAR8 cell lines. Cell proliferation
was evaluated by an MTT assay. Both miRNAs did not affect cell
proliferation (Supplementary Figure S2). For apoptosis, the
transfected cells were additionally treated with the topoisomerase I
inhibitor camptothecin, which is used in cancer chemotherapy
and induces apoptosis. FACS analyses showed a camptothecin-
mediated apoptosis of OVCAR8 cells. Albeit higher doses of
camptothecin were applied, the more aggressive SKOV3 cells did
not display apoptotic features. Both miRNAs, miR-429
(Supplementary Figure S3A) and miR-7 (Supplementary Figure
S3B) did not influence cell apoptosis.

MiR-429 and miR-7 affect the migration and invasion of
SKOV3 and OVCAR8 cells. Our current findings show the
association of miR-429 and miR-7 with lymph node and overt
metastases of EOC patients, respectively. To examine whether this
observation can be explained by an effect of both miRNAs on cell
migration and invasion, respective assays were carried out in
SKOV3 and OVCAR8 cells. Using transwell assays and performing
transfection with miRNA mimics and inhibitors, we observed a
decrease in cell migration (Figure 5A, P¼ 0.037) and invasion
(Figure 5B, P¼ 0.011) after transfection of miR-429 mimic into
more aggressive SKOV3 cells as compared with the cell line
transfected with a negative control. No effect by the miR-429
inhibitor could be observed (Figures 5A and B). Inverse results
could be observed for miR-7. In SKOV3 cells, miR-7 mimic could
increase cell migration (Figure 5C, P¼ 0.001) and invasion
(Figure 5D, P¼ 0.011), whereas miR-7 inhibitor could only
decrease migration (Figure 5C, P¼ 0.031). In OVCAR8 cells, the
values of migration were low (Figures 5A and C) and those of
invasion were undetectable (data not shown). Only miR-429

(Figure 5A, P¼ 0.027) and miR-7 (Figure 5C, P¼ 0.019) inhibitors
could increase and decrease OVCAR8 cell migration, respectively.

DISCUSSION

In the present study, we quantified the expression levels of miR-7,
miR-16, miR-25, miR-93, miR-182, miR-376a and miR-429 in the
preoperative serum of EOC patients, and because of their presence
in advanced carcinomas, we carried out functional analyses using
miR-429 and miR-7. Here we show that the serum levels of
circulating miR-7, miR-25, miR-93 and miR-429 discriminated
EOC patients from healthy women with a sensitivity of 93% and a
specificity of 92%. MiR-429 was an independent predictor of
overall survival.

Our findings show for the first time that elevated serum
amounts of miR-429, a member of the miR-200 family, may have
diagnostic and prognostic relevance in EOC patients. Serum levels
of this circulating miRNA were higher in EOC patients than in
healthy women and rise progressively from healthy women over
patients with FIGO I–II to patients with FIGO III–IV. As a
consequence, its increased levels were also significantly associated
with poor overall survival and were confirmed as an independent
prognostic factor in multivariate analysis. Our results are in line
with a previous small pilot study on tumour tissue by Nam et al
(2008a) who observed that, in 20 patients diagnosed with serous
ovarian carcinoma, higher expression levels of miR-429 were
significantly associated with a poor prognosis. However, this
miRNA was reported to also have a tumour-suppressor function
(Hu et al, 2009a; Zhu et al, 2014). Hu et al (2009a) detected a
significant association of low-level expression of miR-429 in
tumour tissue, with poor overall survival of 55 advanced EOC
patients. Supporting our hypothesis that miR-429 has also an
oncogenic role, two recent studies have reported that miR-429 can
promote the carcinogenesis of hepatocellular carcinoma (Huang
et al, 2013) and colorectal cancer (Li et al, 2013). In these both
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cancer types, miR-429 expression was also upregulated, and its
high expression in tissues was significantly associated with
advanced cancers and poor prognosis (Huang et al, 2013;
Li et al, 2013). Moreover, we demonstrate the correlation of serum
miR-429 with CA125 values. Patient subgroups harbouring normal
and threshold CA125 values had about two- and three-fold higher
mean serum levels of miR-429 than healthy women, respectively.
To sum up, our findings show the potential clinical relevance of
miR-429 in EOC.

As a member of miR-200 family, it was reported that ectopic
overexpression of miR-429 in mesenchymal-like EOC cells induced
changes in functional characteristics consistent with MET,
resulting in reversal of the mesenchymal phenotype (Gregory
et al, 2008; Chen et al, 2011). Accumulating evidence indicates that
miR-429 is also involved in regulating migration and invasion of
different cancer types. Overexpression of miR-429 suppressed
migration and invasion of breast, colorectal and esophageal cancer
cell lines (Wang et al, 2013; Sun et al, 2014; Ye et al, 2015). In
addition to these cancer types, we demonstrate that miR-429 is also
able to downregulate migration and invasion of the ovarian cancer
cell line SKOV3 but has no effect on cell proliferation and
apoptosis. The apparent discrepancy of the upregulation of serum
miR-429 observed in our cohort of EOC patients with FIGO I–II
and FIGO III–IV with its repression of cell migration and invasion
in SKOV3 cells can be explained that miR-429 can act as an
oncogene and a tumour-suppressor gene. MiR-429 could be
expressed in a wavelike manner during carcinogenesis, so that it is
upregulated in EOC patients with primary disease and patients
with distant metastases but is possibly downregulated during the
process of migration and invasion.

Regarding miR-7, our findings show that its concentrations
were mainly increased in the serum of EOC patients with FIGO
III–IV stage and lymph node-positive patients compared with the
analogous counterparts. We also show that miR-7 could stimulate
migration and invasion of SKOV3 cells, indicating that upregula-
tion of circulating miR-7 may particularly be a diagnostic factor for
advanced EOC patients. MiR-7 may also be involved in
progression of other cancer types. It was reported that increased

levels of miR-7 were connected with the metastatic capability of
oestrogen receptor-positive primary breast cancer patients with
lymph node-negative disease (Foekens et al, 2008). In renal cell
carcinoma, miR-7 was also upregulated and its downregulation
inhibited cell migration, suppressed proliferation and induced
apoptosis of cancer cells (Yu et al, 2013). These and our data
demonstrate that miR-7 may act as an oncogene. In contrast, other
studies described miR-7 as a tumour suppressor in several human
cancers, including breast cancer, lung cancer, glioblastoma and
colorectal cancer, by targeting several proto-oncogenes (Kalinowski
et al, 2014; Suto et al, 2015). These findings show its dual
behaviour in different tumour types.

In our panel of circulating miRNAs, miR-25 and miR-93 were
downregulated. Both miRNAs are located in the same chromoso-
mal cluster and probably therefore displayed a similar aberrant
expression pattern. In all subgroups of EOC patients, their levels
were decreased compared with healthy women. To date, the
expression levels of miR-25 have only been quantified in EOC
tissues. Contrary to the diagnostic potential of decreased serum
levels of miR-25 detected in our present study, recent publications
reported an oncogenic role of increased serum levels of miR-25 in
EOC tissue (Zhang et al, 2012; Wang et al, 2014b). Moreover, it
was reported that the levels of miR-93 were increased in the serum
of EOC patients (Ji et al, 2014). However, the patient cohort was
much smaller than ours, and the authors used miR-16 as a
reference to normalise their data, which has been shown to be often
deregulated in other tumours (Ge et al, 2014; Wang et al, 2014a;
Navarro et al, 2015). In contrast to that study and in line to our
findings, it was also shown that the expression levels of miR-93
were significantly lower in primary serous EOC tissues than
normal tissues (Theriault et al, 2014).

Finally, we also examined the miRNA levels in patients with
high-grade serous ovarian cancer, the most common histological
subtype. In line with our results derived from the whole patient
cohort, including low- and high-grade EOC, miR-7, miR-25, miR-
93 and miR-429 were still significantly deregulated in this
subgroup. Moreover, the significant associations of miR-7, miR-
25, miR-93 and miR-429 with FIGO stages detected in the whole
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EOC patient cohort could also be confirmed in high-grade patients,
indicating the diagnostic power of these miRNAs. However, the
prognostic value of miR-429 detected in the whole EOC patient
cohort could not be verified in high-grade serious ovarian cancer
patients.

To sum up, these data show that both, oncogenic and tumour
inhibitory, traits can be ascribed to a miRNA, as well as to the
miRNAs analysed and discussed in our study. These contradictory
behaviours of miRNAs as either an oncogene or tumour
suppressor can be explained by the imperfect complementarity of
the interactions between miRNAs and their target genes. MiRNAs
bind to the 30UTRs of their target genes leading to mRNA
degradation or repression of translation. However, the bindings are
not always completely complementary. Therefore, a specific
miRNA can regulate hundreds of genes and a specific gene can
be regulated by numerous miRNAs at posttranscriptional levels
(Kim, 2005). The different expression levels and functions of miR-
7 and miR-429 may be further dependent on the diversity of
cellular context in different cancer types, contributing to the
bilateral regulations by some miRNAs (Yu et al, 2013). These
argumentations document that the underlying mechanisms by
which miRNAs act as an oncogene or tumour suppressor to
promote or suppress cancer development and progression,
respectively, are still largely unknown. Disadvantage for such
analyses would be, if they are caused by the investigations of
different tumour materials and the use of different normalisation
strategies.

We show that the serum levels of circulating miR-7, miR-25,
miR-93 and miR-429 were significantly deregulated in the serum of
EOC patients. The upregulated expression of miR-7 was associated
with EOC progression, potentially owing to cell migration and
invasion. In contrast to some other studies (Nam et al, 2008b;
Hu et al, 2009b) showing discrepant findings on miR-429 either as
tumour suppressor or oncogene, we found that this miRNA can act
as an oncogene (in vivo) and a tumour-suppressor gene (in vitro),
presumably owing to its wavelike features during primary disease,
migration/invasion and metastasis. However, to confirm the
clinical relevance of these miRNAs, long-term follow-up studies
of large patient cohorts and further functional analyses of these
miRNAs are planned.

ACKNOWLEDGEMENTS

This study was supported by China Scholarship Council
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