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Objective: Benign ovarian cysts (BOC) are the most common tumors
in women of reproductive age. Usually, these cysts are harmless,
but, a small number of them occasionally progress to malignancy.
Among ovarian malignancies, epithelial ovarian cancer (EOC) com-
prises 90% and is the most important cause of gynecologic cancer-
related deaths. We aimed to identify dysregulated miRNAs in pa-
tients with benign ovarian cysts (n = 11) compared to EOC (n = 10)
and to healthy individuals (HI) (n = 15). Methods: The serum sam-
ples fromEOCandBOCpatientswere collectedbefore operation. We
studied three diȞferent sample groups (serum of EOC (n = 8), HI (n
= 8), and BOC (n = 8) patients) that contained the highest-quality of
RNA.Microarray datawere analyzed according to expression ofmiR-
NAs and target genes by bioinformatics tools. Results: When com-
pared to EOC samples, 75 miRNAs were dysregulated in BOC sam-
ples. Sixty-sixmiRNAs fromBOCwere dysregulatedwhen compared
toHI samples. Bioinformatics analysis of BOC vs. EOCandBOCvs. HI
showed that 46 miRNAs were congruent and their expression alter-
ationswere similar (up-ordown-regulated). Furtheranalysis showed
that these 46 miRNAs are associated to one of three pathways in-
volved in cancer pathogenesis. Conclusion: Several miRNAs might
playa role inBOCformationand/ormalignant transformation. These
dysregulatedmiRNAscouldpotentiallybeabiomarker todistinguish
betweenacompletelyBOCandone that ismalignantorhaspotential
formalignant transformation.
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1. Introduction
An ovarian cyst is a type of structure encapsulated by a

wall of epithelial cells, filled with fluid secreted from the
lining epithelium [1]. Ovarian cysts can be divided into 2
groups: functional and non-functional. Functional cysts are
frequently seen in reproductive aged women when the Graf-
fian follicle cannot be properly hatched and the ovum fails to
be released. They usually dissolve spontaneously after a few

menstrual cycles [2]. However, most ovarian cysts are non-
functional and asymptomatic [3, 4]. There are several sub-
types of non-functional ovarian cysts originating from vari-
ous cell lineage. In this group, polycystic ovaries, endometri-
omas, cystadenomas and dermoid cysts (mature teratoma) are
the most common ovarian pathologies detected by gynecolo-
gists [5, 6]. Among these cysts, cystadenomas andmature ter-
atomas, which are benign, may occasionally progress to ma-
lignancy [2, 7, 8]. Excluding malignancy or the possibility of
malignant transformation without postoperative pathologi-
cal evaluation is yet the most grueling task for a physician. In
this study, we aim to identify miRNAs that might play a role
in the transformation of BOC to malignancy. This in turn
could help in distinguishing BOC from EOC prior to surgical
removal.

Ovarian cancer (OC) is a heterogeneous histologic type
and the leading cause of gynecological cancer-related deaths
[9, 10]. Epithelial ovarian tumors are classified as benign,
borderline and malignant and correspond to four major his-
tologic subtypes based on morphologic criteria correspond-
ing to the different types of epithelium in theMüllerian ducts,
the embryological structures that eventually form vagina,
cervix, uterus and fallopian tubes according to the World
Health Organization criteria [11–15]. Due to lack of sensitive
diagnostic tools, most of the ovarian cases are diagnosed in
advanced stages; approximately 25% of ovarian cancer cases
are detected at stage I or II. Besides, if 75% of ovarian can-
cer cases were to be diagnosed at an early stages, the survival
rate would be increased by 50% [16]. Therefore, it is vital to
distinguish lesions in early stages in terms of benign or ma-
lign characteristics. Thus, our study was designed to improve
discrimination of benign and malignant lesions at the early
stages using microRNA expressions.

MicroRNAs (miRNAs) are non-coding RNAs, about 22
nucleotides in length, involved in inhibition of translation,
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mRNA degradation, and sequencing specific gene regulation.
MicroRNAs regulate various biological processes such as cel-
lular development, proliferation, differentiation, and apopto-
sis [10, 17]. Alles et al. discovered 2300 human mature miR-
NAs and 1115 of which are currently annotated in miRBase
V22 [18]. The secretion and biological functions of extra-
cellular miRNAs are still not fully understood [10, 19]. It is
commonly known thatmiRNAs have a significant role in car-
cinogenesis via targeting crucial mRNAs, master regulators
of implicit genes [15].

Numerous miRNAs have been found to be significant for
ovarian cancer pathogenesis in diagnosis, treatment, prog-
nosis, and therapy response [20]. In our previous stud-
ies, we published several important miRNAs, such as hsa-
miR-1273g-3p and has-let-7d-3p, specific to ovarian cancer
[21, 22]. However, there is still a substantive requirement for
discrimination of an ovarian lesions for malignant features as
early as possible [23]. Hopefully, our study will contribute
to distinguish ovarian lesions using differentially expressed
miRNAs.

In brief, we mainly aimed to predict malignant or be-
nign characteristics of ovarian tumors in early stages. We
planned to detect circulating miRNAs to distinguish ovar-
ian lesions via analyzing expression profiles. Besides, in this
way, we can illuminate the physiopathology of benign ovar-
ian cysts (BOC) by comparison of malignant ovarian cancers
with healthy individuals (HI). Our other goal was to gain a
newperspective to literature aboutmalignant transformation
potentials of BOCs, and surveillance of disease after treat-
ment, using miRNAs and their target genes and pathways.

2. Material method
This study was approved by the Istanbul University Fac-

ulty of Medicine Clinical Research Ethics Committee (Per-
mission no: 2014/1175) on 08/08/2014. Twomain steps fol-
lowed in this study were serummiRNA profiling bymicroar-
ray approaches and bioinformatics analysis of target genes
and pathways.

2.1 Sample collection
10 epithelial ovarian cancer (EOC) (high-grade serous car-

cinoma) serum samples, 11 benign ovarian cyst (BOC) serum
samples and 15 serum samples from healthy individuals (HI)
were collected to compare miRNA expression levels by mi-
croarray. The samples were collected by members of the
Department of Obstetrics and Gynecology, Istanbul Medical
Faculty at Istanbul University. All volunteers opted to con-
firm and sign the informed consent approved by the ethics
committee. The pathology diagnosis was confirmed by ex-
amination of the surgically removed specimens. Peripheral
blood samples were collected from each group, before cyst
or tumor removal surgery, in clot activator tube (10 ml) and
centrifuged immediately at 3500 rpm for 15 min at 4 ◦C. The
supernatant serum, was transferred to RNase-free tubes af-
ter centrifugation. Following this step, serum samples were
immediately stored at -80 ◦C until study.

2.2 Total RNA extraction
Total RNA was extracted with the mirVanaTM miRNA

Isolation kit (Ambion, Life Technology, USA) formicroarray
analysis following the manufacturer’s protocols. In the final
step of extraction, total RNAswere eluted into 35µl mirVana
elution solution.

2.3 Quality control of extracted RNAs
The quantity control step was performed on all extracted

RNAs by NanoDrop ND-2000 Spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA). Eight samples with
the highest qualitywere selected from each group (EOC, BOC
and HI) for microarray study. All total RNA samples were
stored in -80 ◦C until laboratory preparation.

2.4 MiRNA expression analysis with microarray
The miRNA expressions from all sample types were ana-

lyzed by Agilent miRNAmicroarray chips (Agilent SurePrint
G3 Human miRNA r21 8x60K). The miRNA Labeling and
HybridizationKit (Agilent Technologies) was used according
to the manufacturer’s instructions. Cyanine 3-cytidine bis-
phosphate (pCp-Cy3)was used for each total RNA (which in-
cluded small RNAs) labelling. Following this step, hybridiza-
tion was performed for 24 hours on Human miRNA Mi-
croarray Version 16 (Agilent Technologies) slides which in-
clude 1368miRNAs encoded by genes located across all chro-
mosomes. These slides were scanned by an Agilent SureS-
can Microarray Scanner (Model G2600D) and “Agilent Fea-
ture Extraction” software (v.12.0) was used for image analy-
sis. Tissue and serum-derived RNAs from each group (EOC
andBOC)were analyzed in a singlemicroarray chip, followed
by comparison. Before progressing any further in the study,
a one-way ANOVA power analysis was done in R [24] (ver-
sion 3.6.1) using the pwr package [25] with true positive rate
(power) set to 0.95 and significance level set to 0.05 as per
Cohen’s suggestions [26]. Prior miRNA analyses show a fold
change of 2 (log FC = 1) which is considered a substantial ef-
fect [27]. Given these parameters, n = 2.6 is the smallest re-
quired sample size. Our proposed sample size of 8 is therefore
more than adequate for the purposes of the study.

Differentially expressed miRNAs were obtained using the
limma package [28] (version 3.40.6) to determine important
miRNAs amongst ‘BOC vs. EOC’ and ‘BOC vs. HI’ samples.
Median intensity values were read into R and background-
corrected using the ‘normexp’ method. Quantile normal-
ization was performed and Bayes moderated P-values were
generated to identify differentially expressed miRNAs [29]
The final processed data was obtained after removing con-
trol probes and averaging over replicate probes.

2.5 Target gene and pathway analysis
Further functional analysis was performed using DIANA

tools’ miRPath (v3) [30] web server, a commonly used tool
when performing miRNA pathway analysis [29, 31]. Strin-
gent filtering was done where miRNAs with |log 2 (FC, fold
change)| ≥ 1 and adjusted P-value ≤ 0.05 were selected in
order to reduce the number of miRNAs [29, 32] . The miR-
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Table 1. Demographic and clinical characteristics of BOC and EOC.
BOC EOC  HI

Number of Samples 11 10 15
The median age 40 47 44
The mean of CA-125 (U/mL) 85.3 1520.2 N
Alcohol N N N
Cigarette N N N
Histological types and stages 4 cases are endometrioid cysts, 2 cases are dermoid cysts, 2

cases are mucinous cystadenoma and 3 cases are serous
cystadenoma (No valid staging system for cyst patients)

5 cases are stage 3C grade 3 serous cancers, 2 cases are
stage 3B grade 3 serous cancers, 1 case is 2B grade 1

serous cancer, 1 case 2A endometrioid and 1 case is 1A
grade 3 serous cancers

N

The number of patients with
metastasis or other diseases oc-
curred after sample collection

1 patient developed borderline ovarian cancer 9 patients developed metastasis N

Survival All still alive 8 patients alive (followed up for 5 years), two patients
died (23 and 32 months)

N

*N: No usage

Path analysis was performed using the KEGG (Kyoto Ency-
clopedia of Genes and Genomes) [33–35]. Human database,
aiming to achieve a higher diversity while checking common
miRNAs and genes for stricter filtering. miRPath’s microT-
CDS (v. 5.0) algorithm was used with P-value ≤ 0.01 and
‘pathways union’ option selected for the KEGGdatabase [31].

3. Results
3.1 Sample characterization

Themedian age of EOC and BOC, themean CA-125 (can-
cer antigen-125) levels, alcohol and tobacco consumption,
histological types and stages, the number of patients with
metastasis or other diseases and their survival situations are
shown in Table 1. None of the patients in our study had re-
ceived neoadjuvant chemotherapy, or had assisted reproduc-
tion, and all patients had undergone primary cytoreductive
surgery.
3.2 Microarray results

MiRNA expression profiling results have shown that
there were several significantly altered miRNAs in serum
samples. All dysregulated miRNAs were selected based on
P values (< 0.05) and fold changes (> 2). When compared
to the EOC samples 75 miRNAs were dysregulated in BOC
samples. Similarly, 66 miRNAs from BOCwere dysregulated
when compared to HI samples. After bioinformatics anal-
ysis of these results (BOC vs. EOC and BOC vs. HI), we
found that 46 miRNAs were congruent in both groups and
their expression alterations were also similar (up- or down-
regulation) (Table 2).

3.3 Target gene and pathway analysis of miRNAs
According to the target gene and pathway analysis of

these 46 miRNAs, the altered miRNAs were analysed in the
KEGG database and showed 3 significant pathways Glycosph-
ingolipid biosynthesis - lacto and neolacto series, Mucin type O-
Glycan biosynthesis and ECM-receptor interaction which are re-
lated to cancer pathogenesis (Table 3). Glycosphingolipids

are part of a complex network affecting N-glycosylation in
ovarian cancer cells which have major role in ovarian can-
cer pathogenesis [36]. Other important pathway is mucin
type O-Glycan biosynthesis, since it produces mucin type O-
glycans which are elevated in ovarian cancer patients [37].
Extracellular matrix-receptor interaction is another detected
pathway, according to our results and it is one of the lead-
ing biological pathways playing a role on cancer development
[38, 39]. Therefore, the 3 pathways mentioned above sup-
port our results for the gravity of dysregulated miRNAs. The
target genes of altered miRNAs, which take action in these 3
pathways, are listed in Table 3.

4. Discussion
Epithelial ovarian cancer is the leading cause of gyneco-

logic mortality in women [40]. According to traditional the-
ory, ovarian cancer originates from surface epithelium of
ovaries and differentiates into histological types of OC. An-
other well debated theory is that OC originates from Mül-
lerian cysts located in paratubal and paraovarian regions. A
more recent theory is the advanced-stage, high-grade serous
ovarian carcinoma originates from the fallopian tubes, and
not from ovaries [41–46]. The origin of ovarian cancer is still
debatable. Enlightening the physiopathology of malignant
transformation and clinical detection is certainly the key to
reduce mortality for ovarian cancer. Therefore, we aimed to
come up with specific markers in serum feasible enough to
detect and/or predict the disease in early stages.

Benign ovarian cysts (BOC) are not life threatening, how-
ever, may occasionally (0.17% to 3%) [47–51] progress toma-
lignancy depending on the histopathology [2, 7, 8]. Stud-
ies showed that some borderline tumors were derived from
cystadenoma and cystadenofibroma [52]. The mechanism
for malignant transformation of ovarian cyst is not entirely
known and we still need markers or tools to assess which
cysts have malignant potential. Our study aimed to under-
stand the biology of malignant transformation of ovarian tu-
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Table 2. Dysregulated commonmiRNAs in serum samples in BOC vs. EOC and BOC vs. HI comparison.
BOC vs. EOC BOC vs. HI BOC vs. EOC BOC vs. HI

miRNA Regulation log FC adj.P.Val log FC adj.P.Val miRNA Regulation log FC adj.P.Val log FC adj.P.Val
hsa-miR-1207-5p Down -1.362 0.0130798 -1.864 0.003935 hsa-miR-6125 Down -2.39 0.0001107 -2.218 0.000796
hsa-miR-1227-5p Down -2.742 2.43E-05 -2.484 0.000244 hsa-miR-638 Down -1.564 1.63E-03 -1.175 0.03977
hsa-miR-1915-3p Down -3.134 2.29E-06 -2.374 0.000282 hsa-miR-6724-5p Down -1.957 2.98E-04 -2.356 0.000122
hsa-miR-2861 Down -2.127 0.0001048 -1.659 0.003935 hsa-miR-6791-5p Down -3.662 1.16E-08 -3.163 5.42E-07
hsa-miR-328-5p Down -1.331 0.0479035 -2.06 0.010635 hsa-miR-6800-5p Down -2.58 4.77E-06 -1.977 0.000454
hsa-miR-3656 Down -1.851 8.38E-05 -2.133 2.92E-05 hsa-miR-6821-5p Down -2.452 5.80E-06 -2.08 1.85E-04
hsa-miR-3663-3p Down -1.452 0.027134 -1.621 0.040485 hsa-miR-6850-5p Down -2.207 0.0056294 -2.264 0.014502
hsa-miR-3665 Down -2.544 4.85E-08 -1.792 4.21E-05 hsa-miR-7108-5p Down -2.25 1.18E-04 -2.478 1.22E-04
hsa-miR-371b-5p Down -3.304 1.79E-06 -3.006 1.15E-05 hsa-miR-7704 Down -1.668 3.86E-03 -1.687 1.13E-02
hsa-miR-3940-5p Down -1.748 5.35E-06 -1.978 1.76E-06 hsa-miR-3162-3p Up 1.479 4.76E-03 1.515 1.29E-02
hsa-miR-3960 Down -1.402 0.0055253 -1.508 0.010635 hsa-miR-34b-3p Up 2.099 0.0000123 1.27 0.008384
hsa-miR-4281 Down -2.097 0.0001107 -2.498 2.92E-05 hsa-miR-3591-3p Up 1.884 0.0001365 1.313 1.34E-02
hsa-miR-4433a-3p Down -1.074 0.0186955 -1.717 0.001791 hsa-miR-4254 Up 1.594 0.0000058 1.119 0.001554
hsa-miR-4466 Down -2.632 2.29E-06 -2.357 2.85E-05 hsa-miR-4446-5p Up 1.379 1.50E-04 1.314 8.51E-04
hsa-miR-4530 Down -1.21 0.0311594 -1.639 0.013973 hsa-miR-451a Up 2.521 0.016838 2.95 0.018417
hsa-miR-4763-3p Down -2.552 4.94E-05 -2.447 0.000228 hsa-miR-451b Up 2.183 2.09E-03 2.283 0.004671
hsa-miR-4787-5p Down -2.245 0.0001291 -2.117 0.000805 hsa-miR-466 Up 1.627 0.0000134 1.006 0.007591
hsa-miR-5001-5p Down -3.01 1.54E-05 -2.602 0.000282 hsa-miR-4730 Up 2.335 5.01E-03 2.411 0.012906
hsa-miR-572 Down -1.297 0.0111494 -1.377 0.022998 hsa-miR-5010-3p Up 1.729 0.0002176 1.771 0.000639
hsa-miR-6068 Down -2.639 0.0001094 -2.249 0.00202 hsa-miR-6514-3p Up 2.233 0.0001094 1.564 0.010302
hsa-miR-6087 Down -1.782 0.0039709 -1.823 0.010952 hsa-miR-6716-3p Up 1.986 0.0098549 2.357 0.009626
hsa-miR-6088 Down -2.439 3.78E-06 -2.488 5.61E-06 hsa-miR-6834-3p Up 1.704 8.04E-04 1.292 2.33E-02
hsa-miR-6090 Down -1.296 0.0196903 -2.38 0.000421 hsa-miR-8485 Up 2.08 0.0010381 1.65 0.021096

mors by studying malignant tumor specific pathways, which
are targets of our dysregulated miRNAs, as discussed below.

In both benign and malignant lesion formation, genetic
and epigenetic factors play a key role by regulating the biolog-
ical processes such as development, cell proliferation, differ-
entiation, and apoptosis. MicroRNAs are one form of epige-
netic regulation and the physiological and pathological roles
of altered miRNAs have been demonstrated in many tumor
types [53]. In our study, we aimed to find a new perspective
to illuminate the pathogenesis of ovarian cyst and cancer. Ad-
ditionally, we tried to find miRNAs specific to cyst formation
and to detect potential biomarkers for non-invasive distinc-
tion of benign from malignant ovarian lesions. Therefore,
we focused on miRNA expression in benign and malignant
ovarian cyst groups comparing them to healthy controls.

According to our results, among 13 miRNAs which were
found in KEGG database for pathway analysis, 5 miRNAs
(hsa-miR-34b-3p, hsa-miR-1915-3p, hsa-miR-4530, hsa-
miR-4466, hsa-miR-7704) were found oppositely regulated
comparing with ovarian cancer cases investigated by previ-
ous studies [54–58]. For instance, Li et al. found that has-
miR-34b-3p is down-regulated in ovarian cancer cases when
compared to tumor tissue samples from healthy individuals
[56]. Provided that this miRNA is a well-known tumor sup-
pressor miRNA [56]. Likewise, in our study, hsa-miR-34b-
3p is up-regulated in benign ovarian cyst samples, so we con-
cluded that upregulated hsa-miR-34b-3p in circulation can
be a sign for a benign lesion. Hsa-miR-6088 was the only
miRNA similarly regulated in our BOC samples and in EOC

cases from the literature [57]. This miRNA may have a role
in malignant transformation. We believe that with further
investigation, this miRNA can be a marker for the malig-
nant potential of ambiguous lesions. The rest of 13 dysregu-
lated miRNAs (hsa-miR-3665, hsa-miR-6514-3p, hsa-miR-
5010-3p, hsa-miR-6090, hsa-miR-6724-5p, hsa-miR-3663-
3p, hsa-miR-4254) have not been associated with ovarian
cancer and ovarian cyst cases in the literature. Thus, they
may have a high potential as novel biomarkers of BOC le-
sions. We suggest further validations to evaluate their dis-
crimination capacity for BOC from EOC.

After the analysis of dysregulated miRNA’s target genes
and pathways, we found 3 significant pathways relevant to
BOC pathogenesis. The first one is Glycosphingolipid biosyn-
thesis - lacto and neolacto series. Glycosphingolipids (GSLs)
are important types of glycolipids and with a hydrophobic
ceramide backbone and a hydrophilic carbohydrate residue
[59]. All animal cells express GSLs in their surface mem-
branes to maintain plasma membrane stability [59]. They
are involved in several biological processes such as embryonic
development, signal transduction, cell signaling, apoptosis,
receptor modulation, cell adhesion, growth, cell differenti-
ation and carcinogenesis [60]. Malignant tumors often ex-
press high levels of GSLs, which interfere with immunologi-
cal defensivemechanisms [61]. Jacob et al. demonstrated that
neolacto-series GSL was highly expressed in ovarian cancer
cells, and appears to be a novel tumor-associated antigen as-
sociatedwith cellularmigration in ovarian cancer [60]. In an-
other study, GSL levels were compared among EOC SKOV3
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Table 3. The pathways and target genes of common 46miRNAs from the KEGG database.
Pathways miRNAs Regulation P-value Target Genes

Glycosphingolipid biosynthesis - lacto and neolacto series

hsa-miR-1915-3p Down 2.46E-18 FUT3, FUT6
hsa-miR-3665 Down 9.08E-27 FUT3, FUT6
hsa-miR-4530 Down 8.07E-08 FUT3, B4GALT3
hsa-miR-34b-3p Up 0.0020494 FUT9
hsa-miR-6514-3p Up 1.14E-08 B3GALT5, FUT9

Mucin type O-Glycan biosynthesis

hsa-miR-4466 Down 8.44E-12 GALNT14
hsa-miR-6088 Down 0.0042684 GALNT7, WBSCR17
hsa-miR-6090 Down 5.53E-07 GALNT8

hsa-miR-6724-5p Down 6.17E-11 GALNT6, GALNT8
hsa-miR-34b-3p Up 1.02E-07 GALNT13, GALNT1, C1GALT1
hsa-miR-5010-3p Up 0.000405 POC1B-GALNT4, B4GALT5, GALNT4, GALNT1,

GCNT1

ECM-receptor interaction

hsa-miR-3663-3p Down 1.34E-13 COL27A1, COL3A1, COL1A1, COL4A4, COL11A1
hsa-miR-6088 Down 0.0049984 LAMA3, COL24A1, COL1A1
hsa-miR-7704 Down 3.77E-06 COL27A1
hsa-miR-4254 Up 1.18E-11 COL24A1, COL27A1, COL6A3, COL4A6

cells and benign ovarian T29 cells [62]. The researchers
found differentially expressed sialylated GSLs and 5 neutral
GSLs only in SKOV3 [62]. GSLs also interact with important
proteins such as VEGFR4, TGFβ1R3, and EGFR2 in various
malignancies [36]. Alam et al. showed that GSLs are part of
a complex network affecting N-glycosylation in ovarian can-
cer cells, having an important role in ovarian cancer patho-
genesis [36]. Therefore, we consider that our dysregulated
miRNAs which target several genes involved in Glycosphin-
golipid biosynthesismay have an effect onBOCpathogenesis.
Also, difference in expression levels of dysregulated miRNAs
between BOC and EOC may be adapted to the diagnosis of
these diseases.

Second significant pathway, Mucin Type O-Glycan Biosyn-
thesis, is an evolutionarily conserved protein modification
present on membrane-bound and secreted proteins [63].
Aberrations in O-glycosylation cause some human diseases
and are related to disease risk factors [63]. There are studies
about this pathway and its relation with cancer pathogenesis.
During carcinogenesis, neo-glycan structures emerge on var-
ious glycoproteins including mucins [64]. One such mucin,
MUC1, is known to play a key role in ovarian cancer [65].
Enhanced fucosylation, truncated O-glycans, and increased
sialylation are a well-recognized trace of malignant cell trans-
formation [37]. Brockhausen indicated that O-Glycan struc-
tures are often unusual or abnormal in cancer, and greatly
contribute to the phenotype and biology of cancer cells [66].
Some of the mechanisms of changes in O-glycosylation path-
ways have been determined in cancer model systems. There-
fore, this pathway can be effective in cyst formation.

The last pathway is the extracellular matrix (ECM)-receptor
interaction. ECM has a complex mixture of structural and
functional macromolecules [38]. ECM plays an important
role in tissue and organ morphogenesis and in the mainte-
nance of cell and tissue structure and function [38]. Trans-
membrane molecules act as mediators to specific interactions

between cells and ECM [38]. Thus, the ECM responsible for
intercellular communication, adhesion, apoptosis, migration,
and proliferation [38, 39]. General knowledge is that cancer
cells change the ECM to control cancer-initiating processes
like apoptosis, proliferation and migration [39]. Any aberra-
tion in pathways involved in ECM structure and function can
directly cause the cancer progression and malignant trans-
formation [67]. Dysregulation, abnormal accumulation or
loss of ECM components play an important role in the pro-
gression to ovarian cancer [68, 69]. Therefore, we advocate
that our pathway analysis findings are innovative in ovarian
cancer research. The differentially dysregulatedmiRNAs im-
printing the ECMpathways are recommended for validations
to prove their biomarker potential in malignant transforma-
tion and cyst formation.

5. Conclusions
Depending on their related pathways, the dysregulated

miRNAsmight play a role in cyst formationmalignant trans-
formation. Therefore, we suggest that these genes and path-
ways should be further studied to confirm their role in cyst
and cancer development. The dysregulated miRNAs can be
considered as potential non-invasive biomarkers to distin-
guish a lesion as benign ormalignant. Moreover, for the BOC
patients, altered miRNA levels may indicate malignant trans-
formation (from BOC to borderline-ovarian cancer) which
might enable us to diagnose preclinical ovarian cancer in early
stages having a huge impact on survival. The main limi-
tations of our study were working with different histologic
types of ovarian cysts. Since the pathophysiology of different
histologic origins may have different pathways, hence differ-
ent miRNA. To move our research one step further, we plan
to study miRNA profiles for every histological type of BOC.
Nevertheless, our miRNA findings contribute to the under-
standing of ovarian cyst and cancer mechanism.
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