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Abstract: The term liquid biopsy reveals a non-invasive diagnostic method that might be based on
the quantification of cell-free microRNAs in body fluids. However, the identification of candidates
for liquid biopsy is challenging. Our aim was to compare the cell-free expression of miR-483-5p,
miR-205-5p, and let-7f-5p in ovarian cell cultures and plasma samples of patients with ovarian cancer.
Both the intracellular and cell-free expression of miR-205-5p and let-7f-5p proved to be higher in
the Estrogen Receptor o (ERo) expressing PEO1 cell-line than in the estrogen non-sensitive A2780.
Moreover, the expression of let-7f-5p was up-regulated in response to estradiol exposure that was
diminished after the addition of an ER« selective antagonist. MiR-483-5p had lower intracellular
and cell-free expression in PEO1. All these miRNAs had detectable expression level in plasma
samples, among which miR-205-5p proved to be overexpressed in the plasma samples of patients
with ovarian tumors compared to healthy controls and possessed an acceptable diagnostic potential
with ROC-AUC 0.683 (95% CI 0.57-0.795). Functional annotation clustering of the target genes of
miR-205-5p revealed several clusters involved in cancer development. We suggest that miR-205-5p
might be a promising biomarker candidate in ovarian cancer that should be further analyzed in larger
sample size.
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1. Introduction

Liquid biopsy is a promising non-invasive diagnostic approach that is based on the
quantification of biomarkers in body fluids and has several advantages over conventional
tissue biopsies [1,2]. Cell-free counterparts of nucleic acids are considered to be applicable
biomarker candidates for liquid biopsy. These include different types of cell-free DNA
(e.g., genomic DNA or mitochondrial DNA fragments) and non-coding RNA molecules
(e.g., microRNAs, circular RNAs, long non-coding RNAs) [1]. Among non-coding RNA
molecules, most studies focus on miRNAs due to the following reasons: (i) they are stable;
(ii) easily detectable by molecular biological methods (e.g., qPCR); and (iii) their expression
showed good association with the occurrence of several diseases, including cancer. This
latter is due to the fact that miRNAs affect the expression of several genes involved in
cancer progression and invasion; thus, miRNAs might function as oncomirs or tumor
suppressors [1-4].

Among women, ovarian cancer is considered to be the 5th cause of cancer related
death [5]. The occurrence of ovarian cancer is influenced by several factors, e.g., number
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of pregnancies, mutations (e.g., BRCA1/2) or the application of estrogen-based hormone
replacement therapy that is often applied among post-menopausal women in order to
prevent age-related diseases [6]. The 5-year survival rate highly depends on the time
of diagnosis and proved to be 29% in the early and 93% in the advanced stages [5,6].
Two biomarkers are used routinely in ovarian cancer diagnosis: Human Epididymis
Protein 4 (HE4) and Carbohydrate Antigen-125 (CA125) [7]. However, the application
of these biomarkers has several limitations and they have not improved ovarian cancer
diagnostics successfully [7,8]. The lack of specific diagnostic tools rises the need for
additional biomarkers.

In our previous studies, we identified several cell-free miRNAs (e.g., miR-200 family
members and miR-203a) as candidate biomarkers with good diagnostic parameters in
ovarian cancer [9,10]. We also confirmed high cell-free miR-200s expression in estrogen
sensitive epithelial ovarian cell cultures [11]. Here, we aimed to identify additional new
miRNAs that might be used as future biomarkers in liquid biopsy. We present that miR-205-
5p and let-7f-5p has high intracellular and cell-free expression in estrogen sensitive ovarian
cell cultures in contrast to miR-483-5p. Furthermore, miR-205-5p was overrepresented in
the plasma samples of ovarian cancer patients, suggesting that this miRNA might be a
promising biomarker candidate in non-invasive ovarian cancer diagnostics in the future.

2. Materials and Methods
2.1. Patient Characteristics

The total of 88 blood samples were involved in the study: 28 derived from patients
with malignant ovarian tumors and 60 derived from age-matched healthy volunteers.
Blood samples were collected at the Department of Obstetrics and Gynecology, Faculty of
Medicine, University of Debrecen, during 2016-2017. Ovarian tumors were histopatho-
logically characterized after surgery as: Cystadenocarcinoma papillare serosum (N = 21),
Cystadenocarcinoma serosum (N = 3), Adenocarcinoma papillare serosum (N = 2), and
prior cancer (N = 2). The International Federation of Gynecology and Obestrics (FIGO)
classification of ovarian tumors was also carried out and the following stages were es-
tablished for the patients: FIGO I. (N = 3), FIGO III. (N = 18), and FIGO IV. (N =7). All
participants were informed about the study, and they signed a consent. The study was
approved by the Scientific and Research Ethics Committee of the Medical Research Council
(ETT TUKEB) (No: 30231-2/2016/EKU), and the research was conducted in accordance
with the Declaration of Helsinki.

2.2. Plasma Collection and miRNA Isolation

Blood sample collection was performed in EDTA tubes. The plasma fraction was
used as a source for cell-free miRNA isolation that was separated by centrifugation. Sam-
ples were centrifuged at 2.500 g in the first step (10 min, 4 °C), that was followed by
centrifugation at 16.000 g (10 min, 4 °C). Total RNA, including small non-coding RNAs,
was extracted from 200 uL plasma sample by the miRNeasy Serum/Plasma Kit (Qiagen,
Hilden, Germany) following the instructions of the manufacturer.

2.3. Cell Culturing Conditions

Two human epithelial ovarian cell lines were used in the study. The PEOL1 cell line
was purchased from Merck (Darmstadt, Germany), while the A2780 cell line was kindly
provided by Katalin Goda (Department of Biophysics and Cell Biology, Faculty of Medicine,
University of Debrecen, Debrecen, Hungary). The cells were maintained in RPMI1640
(Corning, New York, NY, USA) supplemented with 10% Fetal Bovine Serum (FBS) (Corning,
New York, NY, USA), 1% L-glutamine, 100 pug/mL streptomycin, and 100 U/mL penicillin
at 37 °C, 90% humidity and 5% CO,. When the effect of estradiol (E2) was tested, the cells
were allowed to attach in culturing medium in 24-well plates; then, medium was removed
to Phenol Red Free (PRF)-RPMI1640 (Corning, New York, NY, USA) supplemented with
5% Dextran Coated Charcoal (DCC)-FBS (Corning, New York, NY, USA) in order to avoid
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the confounding effect of phenol red or the steroids present in conventional FBS. After
incubation (24 h), the cells were treated with 10 nM E2, and miRNA was isolated 24 h after
the treatment. In some experiments, 1 nM methyl-piperidino-pyrazole (MPP) was also
added to the cultures.

When the intracellular expression of miRNAs was studied, total RNA, including small
non-coding RN As, were isolated by the miRNeasy Kit (Qiagen, Hilden, Germany) from the
cell lysates according to the manufacturer’s instructions. When cell-free miRNAs secreted
by the cell cultures were studied, the supernatant of cultures was used as a source for
miRNA isolation using miRNeasy Serum/Plasma Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions, as previously described [11].

2.4. MiRNA Detection

The concentration of extracted miRNAs was determined by miRNA-specific fluoro-
metric assay using a Qubit® 2.0 Fluorometer (Thermo Fischer Scientific, Walthman, MA,
USA). Mature miRNAs were reverse transcribed by the miScript II RT Kit (Qiagen, Hilden,
Germany). The expression of miR-483-5p, miR-205-5p, and let-7f-5p was determined by the
miScript SYBR Green PCR Kit (Qiagen, Hilden, Germany) using miRNA specific miScript
primer Assays (Qiagen, Hilden, Germany) as previously described [9,11]. MiR-103-3p was
used as a housekeeping miRNA that proved to be an applicable reference in our previous
studies [9-11]. Relative expression level was determined relative to miR-103-3p expression,
where the relative expression level of a specific miRNA is equivalent with 2ACt,

2.5. Bioinformatic Analysis

Experimentally validated target genes of miR-483-5p, miR-205-5p, and let-7f-5p were
identified by the miRTargetLink target prediction tool [12]. The Functional Annotation
Clustering option of the Database for Annotation, Visualization and Integrated Discov-
ery (DAVID) tool was used for functional genomic annotation of the identified miRNA
target genes applying the medium stringency option [13]. We used the annotation term
p-values and enrichment scores in order to rank the significance of the generated Functional
Annotation Clusters.

3. Results
3.1. The Basal Expression of miR-205-5p and let-7f-5p Is Higher in the Estrogen Sensitive PEO1
Cell Line Than in the Estrogen Non-Sensitive A2780

In the beginning of our work, the basal expression level of miR-483-5p, miR-205-5p,
and let-7f-5p was determined in epithelial ovarian cell lines. We applied two cell lines that
differed in the expression of Estrogen Receptor o« (ERw); that receptor highly determined
the expression of miRNAs in our previous studies [11]. The PEO1 highly expresses the
Estrogen Receptor o (ER) and proved to be estrogen sensitive in our previous studies [11].
The other cell line used was A2780 which does not express ERx and, as a result, does not
respond to estrogen exposure, as it was shown previously [11]. According to our results,
all three miRINAs proved to have relatively low basal expression in the A2780 cell line
(Figure 1A). In case of the PEO1 cell line, miR-483-5p had similarly low relative expression
level as in A2780 cells. However, the basal expression of miR-205-5p and let-7f-5p were
significantly higher in PEO1 than in A2780 (Figure 1A).

The cell-free expression of these miRNAs was also determined. In these experiments,
the supernatant of cell cultures was used as a source for miRNA isolation. All the tested
miRNAs had detectable expression in the supernatant of the cultures. The cell-free ex-
pression level of miR-483-5p, miR-205-5p, and let-7f-5p proved to be similar to what
was measured intracellularly in A2780, where all tested miRNAs showed low relative
expression levels (Figure 1B). Similarly, as intracellularly, the cell-free expression level of
miR-483-5p was found to be lower than miR-205-5p and let-7{-5p in the PEOL1 cell line
(Figure 1B). As it is shown in Figure 1B, the cell-free expression of all three miRNAs proved
to be higher in PEO1 than in A2780.
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Figure 1. Basal expression levels of miR-483-5p, miR-205-5p, and let-7f-5p in the PEO1 and A2780
cell lines. (A) Intracellular miRNA expression: miRNA expression was detected in the cell lysates.
(B) Cell-free miRNA expression: miRNAs were isolated from the supernatant of the cultures. Data
are presented as mean £ S.D. Significance was determined by Student’s ¢-test between the ACT
values of the PEO1 and A2780 cell lines: * p < 0.05; ** p < 0.01; *** p < 0.001.

3.2. Let-7f-5p Is Upregulated in Response to Estradiol Exposure in PEO1

The differential expression of miR-205-5p and let-7f-5p in the estrogen sensitive PEO1
and non-sensitive A2780 cell lines suggests their involvement in estrogen response. In
order to prove this hypothesis, we assessed the intracellular and cell-free expression of
miR-483-5p, miR-205-5p, and let-7f-5p in response to E2 exposure in the PEO1 cell line.
In these experiments, cells were treated with E2 in 10 nM concentration that proved to
induce cell proliferation and migration in our previous studies [11]. According to Figure 2,
the expression of let-7f-5p was upregulated in response to E2. However, no significant
difference was observed in response to E2 exposure in the case of the miR-483-5p and
miR-205-5p expression (Figure 2).

The role of ERa in the regulation of let-7f-5p and miR-205-5p expression was further
studied by the application of MPP that is considered to be an ER« selective antagonist [14].
In these experiments 1 nM MPP was applied together with 10 nM E2 in the PEO1 cultures.
As a result, the inductive effect of E2 was abolished in the case of the let-7f-5p expression
(Figure 2). It is also important to mention that the application of MPP did not alter the
expression of miR-205-5p nor miR-483-5p (Figure 2).
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Figure 2. Relative expression levels of miR-483-5p, miR-205-5p, and let-7{-5p after the exposure to E2
and/or methyl-piperidino-pyrazole (MPP) in the PEO1 cell line. Relative expression was determined
in the non-treated control (C) and E2-treated (E2) cells, as well as in those cells that were treated with
MPP, together with E2 (E2 + MPP). Significance was determined by Student’s t-test between the ACT
values of the samples: * p < 0.05.

3.3. MiR-205-5p Is Overrepresented in the Plasma Samples of Patients with Malignant
Ovarian Tumors

We also performed a pilot study, where the applicability of miR-483-5p, miR-205-5p,
and let-7f-5p was tested as biomarker candidates in the non-invasive diagnostics of ovarian
cancer. In these experiments, the cell-free expression of miR-483-5p, miR-205-5p, and
let-7f-5p was compared in the plasma samples of patients suffered from ovarian cancer
(N = 28) with aged-matched healthy volunteers (N = 60). All the 3 tested miRNAs showed
detectable expression in the plasma samples of both patients and healthy individuals
(Figure 3). Statistical significance between the healthy and malignant samples was tested
by the Mann-Whitney U test. MiR-205-5p was significantly overexpressed in the plasma
samples of patients with malignant ovarian tumor (p < 0.01) (Figure 3). However, no
significant difference was observed in the expression of miR-483-5p (p = 0.17) and let-7{-5p
(p = 0.877) between the healthy and malignant samples (Figure 3). In order to further
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evaluate the diagnostic potential of miR-205-5p in ovarian cancer, the Receiver Operating
Characteristic-Area Under Curce (ROC-AUC) value was determined and was found to be
0.683 (95% CI 0.57-0.795) (Figure 3).
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Figure 3. Scatter plot of miR-483-5p, miR-205-5p, and let-7f-5p expression in the plasma samples of
patients suffered from ovarian cancer (OC) and in healthy controls (H). Significance was determined
by Mann-Whitney U test between the ACT values of healthy and malignant samples; ** p < 0.01.

3.4. Bioinformatic Analysis of miR-483-5p, miR-205-5p, and let-7f-5p Target Genes

We also carried out data-mining to analyze the significance of these miRNAs in the
development of cancer. In the first step, the functional annotation of the target genes of
miR-483-5p, let-7{-5p, and miR-205-5p was studied using the MiRtargetLink database.
According to the result, miR-483-5p targets only 4 genes, in contrast to let-7f-5p and miR-
205-5p that have 17 and 37 target genes, respectively. Both the low basal expression level
of miR-483-5p and the low number of targets suggest lower biological relevance for this
miRNA compared to let-7f-5p and miR-205-5p in ovarian cells. We applied functional
annotation clustering option of the DAVID annotation tool using the target genes of the
three miRNAs. No functional clusters were found using the targets of miR-483-5p. The
targets of let-7f-5p and miR-205-5p were clustered according to the Genetic Association
Database-Disease (GAD_DISEASE), Gene Ontology-Biological Process (GOTERM_BP),
and Kyoto Encyclopedia of Genes and Genomes-Pathway (KEGG_PATHWAY) databases.
According to the GAD_DISEASE database, the targets of let-7f-5p and miR-205-5p are
involved in the development of several cancer types, including ovarian cancer (Table 1). Itis
important to mention that the targets of miR-205-5p might be involved in the development
of more cancer types than the targets of let-7f-5p (Table 1). According to the GOTERM_BP
database, miR-205-5p might be involved in the regulation of several processes linked
to the regulation of cell proliferation or migration, and let-7f-5p might be important in
the regulation of DNA repair processes (Table 1). The significance of miR-205-5p in
the pathways linked to cancer development is also suggested by the KEGG_PATHWAY
database (Table 1).



Appl. Sci. 2021, 11,1735

7 of 10

Table 1. Functional annotation clustering of let-7f-5p and miR-205-5p targets.

let7f miR205
GAD DISEASE
Category Count p-value Category Count p-value
prostate cancer ES: 2.59 5 6.25 x 1074 prostate cancer ES: 2.94 6 0.011
ovarian cancer ES: 2.59 4 0.003 breast cancer ES: 2.37 10 6.72 x 1076
epithelial ovarian cancer ES: 2.59 3 0.008 endometrial cancer ES: 1.91 4 2.36 x 1074
esophageal adenocarcinoma ES: 1.41 3 0.034 esophageal adenocarcinoma ES: 1.91 7 3.14 x 1074
epithelial ovarian cancer ES: 1.91 5 0.001
lung cancer ES: 1.91 7 0.002
leukemia ES: 1.91 3 0.005
colorectal CancerES: 1.91 5 0.026
GOTERM Biological process
Count p-value Category Count p-value

GO:0000715 nucleotide-excision repair, DNA
damage recognitionES: 3.98

GO:0008285 negative regulation of cell
proliferation ES: 3.73
GO:0043066 negative regulation of apoptotic

3 1.62 x 1074 9 151 x 107

processES: 2.93 6 0.002
GO:0042127 regulancing(z)f cell proliferationES: 4 0.007
GO:0008284 positive regulation of cell 6 0.003
proliferationES: 1.91 '
GO:0030336 negative regulation of cell 3 0.002
migrationES: 1.76 '
KEGG Pathway
Count p-value Category Count p-value
hsa05215:Prostate cancer ES: 2.83 5 532 x 107*
hsa05222:Small cell lung cancer ES: 2.83 4 0.006
hsa05200:Pathways in cancer ES: 2.37 9 2.03 x 107*
hsa05215:Prostate cancer ES: 1.91 5 5.32 x 10~*

ES: Enrichment score.

4. Discussion

MiRNAs are small non-coding RNA molecules that are involved in the regulation of
cancer development as oncomirs or tumor suppressors. Furthermore, they are considered
to be good candidates for cancer diagnostics [4]. However, more than 2500 miRNAs have
been identified to this date that makes searching for promising biomarker candidates
difficult. Most of the studies focus on miRNA expression in body fluids or cell cultures
exclusively. Here, we made a comprehensive study about the cell-free expression of three
well-known miRNAs in cell cultures and plasma samples.

MiR-205 is proved to be a tumor suppressor that plays pivotal role in the regulation
of cell proliferation and invasiveness of cancer and considered to be a promising thera-
peutic target [15,16]. The pivotal role of miR-205 in cancer is strongly suggested by our
bioinformatic analysis that revealed several processes related to cancer. It is further sup-
ported by previous studies where the expression of miR-205 was confirmed to be altered
in breast, endometrial, prostate, lung, bladder, thyroid, and colorectal cancer [16-23]. The
relatively high basal expression of miR-205 in ovarian cell lines suggests its high biological
relevance in ovarian tumors. It is in good agreement with the observation that the expres-
sion of miR-205 was up-regulated in ovarian tumor tissues compared to normal ovarian
cells [24-28]. Furthermore, the cell-free expression of miR-205 proved to be high in ovarian
cancer cell lines, as well as in the plasma samples of patients with ovarian cancer that was
also described previously [28,29]. To the best of our knowledge, it is the first study that
analyze miR-205 expression in a Central-European population. Our pilot study strengthens
the notion that miR-205 might be a promising biomarker candidate in ovarian cancer that
should be further analyzed in larger sample size.
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The differential expression of miR-205 in the estrogen sensitive and non-sensitive
ovarian cell lines is another important aspect of our study. Similar phenomenon was
reported previously in endometrial cancer where the expression of miR-205 and miR-200s
proved to be associated with ER status [17]. However, miR-205 expression does not seem to
be mediated by ER«, in contrast to miR200s [11]. The role of miR-205 in estrogen response
might be explained by the fact that it regulates ESSRG (Estrogen related receptor y), which
was confirmed in endometrial cells [30]. Furthermore, the overexpression of miR-205
resulted in higher E-cadherin level in colon cancer cells [31]. A similar phenomenon might
exist in ovarian cancer cells, as well, since miR-205 expression is associated with E-cadherin
expression, according to our previous studies [11].

Although the cell-free expression of let-7f-5p also proved to be high in the ovarian cell
cultures, no significant difference was observed in its expression between the healthy and
malignant plasma samples. A possible explanation might be that the expression of let-7f
is mostly down-regulated in cancer [29,32-36]. It is also important to mention that the
expression of let-7f-5p proved to be ERx dependent in our study and was up-regulated in
response to E2 exposure. These results are in good agreement with previous studies [37,38].
The role of let-7f in estrogen response, however, needs to be further characterized.

MiR-483 was found to be elevated in prostate, easophageal, nasopharyngeal, adreno-
cortical, oral, hepatocellular, and adrenocortical cancer [39-45]. Fewer studies are available
about miR-483-5p expression in ovarian cancer, where the diagnostic parameters of this
miRNA did not prove to be well enough for being a good biomarker candidate [29,46].
This miRNA is considered to be important in Polycystic Ovary Syndrome instead [47].
The expression of miR-483-5p proved to be low in both of the ovarian cell lines tested,
and no significant difference was observed in the expression of miR-483-5p comparing the
blood samples of patients and healthy individuals. These results are in good accordance
with the bioinformatics analysis of miR-483-5p targets that did not result in any clusters
related to the development of cancer. These data suggest that the otherwise well-detectable
expression of miR-483-5p in plasma samples might not related to the expression of this
miRNA in ovarian cells.

5. Conclusions

MiRNAs are considered to be applicable biomarkers for the non-invasive diagnosis of
cancer; however, finding good biomarker candidates is challenging due to the following
reasons: (i) the heterogeneity of tumors limits the application of tumor tissues for global
miRNA monitoring; (ii) the low miRNA concentration in body fluids limits the use of next-
generation sequencing technology in the monitoring of global cell-free miRNA expression
in body fluids; and (iii) miRNAs in body fluids might derive from several different cells
of the body not from tumors exclusively. We suggest that monitoring cell-free miRNA
expression in cell cultures might be applied as an initial step in the search for biomarker
candidates that might be further tested in body fluids.
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