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Ovarian cancer: Origin and factors involved in carcinogenesis with potential
use in diagnosis, treatment and prognosis of the disease
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Ovarian cancer representing the most lethal gynecologic malignancy escapes from the efforts to manage the disease. We
reviewed the current state of the research considering three main concepts on origin of ovarian cancer including epithelial-
mesenchymal transition, secondary origin from Miillerian system and cancer stem cell hypothesis. Cytogenetic and molecular
characteristics of ovarian cancer are focused particularly on microRNA expression studies revealing huge potential in recent
years, although other transcriptomic, proteomic, epigenetic, epidemiologic and immunological factors are touched upon,
too. Routine and investigated diagnostic and treatment methods are outlined and several factors revealed to be associated
with prognosis of the disease. Despite the huge progress on elucidating factors involved in ovarian cancer carcinogenesis,
still remains urgent need to improve both the diagnostics as well as the treatment.
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I. Introduction. Among other gynecological cancers,
ovarian cancer is specific due to its malignancy, high het-
erogeneity, tendency to recurrence and failure of medical
efforts to manage diagnostic and therapeutic tools to get it
under control. This most lethal malignancy of the female
reproductive system and the fifth most fatal cancer for women
atall [1] causes about 125.000 women deaths worldwide [2].
Ovarian cancer is generally presented as a complex disease
and consists of several types of tumors, divided into two
main groups: 1) epithelial and 2) non-epithelial, the latter
one including germ cell and sex cord-stromal cell tumors
[3]. Common epithelial tumors (EOC) account for about
90% of all ovarian cancers and are divided into four main
histological subtypes: I. serous, comprising approximately
50% of all ovarian carcinomas [4], II. endometrioid (about
20-25% [5]), III. mucinous (about 10% [6]), and IV. clear
cell tumors (about 4-12% [7]) occurring in four FIGO stages
[8]. Three grades reflecting the differentiation extent of the

tumor are recognised: grade 1 (well), grade 2 (moderately)
and grade 3 (poorly or undifferentiated).

Time of initial diagnosis is cardinal for the survival rate, so
that detection during stage I or II results in a 60-90% 5-year
survival, however diagnosis at stages Il and I'V leads to highly
decreased survival rate previously reported less than 20-25%
[9, 10], more recently about 33% [11]. Women with stage IV
have the worst prognosis — less than 12% survived previously
5 years after diagnosis [12], recently about 19% [11]. How-
ever, most of cases (more than two thirds) are diagnosed in
advanced stages with disseminated disease [11]. The relevant
and early diagnosis associated with knowledge of exact causes,
and therapeutic treatment without recurrence remain the
major challenges in ovarian cancer research despite its huge
progress in last years.

II. Disputed origin of the epithelial ovarian cancer. The
six essential alterations in cell physiology have been suggested
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to be associated with cancer: self-sufficiency in growth signals,
insensitivity to growth-inhibitory (antigrowth) signals, evasion
of programmed cell death (apoptosis), limitless replicative
potential, sustained angiogenesis, and tissue invasion and
metastasis [13].

However, the basic information on how ovarian cancer
evolves remains still obscure and questionable. There are three
main concepts which should be taken into consideration, 1)
epithelial-mesenchymal transition (EMT) and its reversion,
i.e. mesenchymal-epithelial transition [14, 15], 2) secondary
origin of ovarian cancer from Miillerian system [16, 17] and
3) cancer stem cells hypothesis [18]. ’

1. Epithelial-mesenchymal transition (and its reverse)
in ovarian cancer. Ovarian epithelial cancers are supposed
to originate from the ovarian surface epithelium (OSE) or
inclusion cysts lined with OSE cells that were exposed to
inflammatory stimuli, prolonged gonadotropin stimulation
or incessant ovulation [19, 20, 21, 22, 23]. Ovarian surface
epithelium (OSE) is considered to be a modified pelvic
mesothelium originated from the mesoderm coelom, and
has been found to have both mesenchymal and epithelial
characteristics (in contrast to tubal epithelium which has
epithelial only). Inclusion cysts have epithelial characteristics
but lost mesenchymal characteristics indicating that mesen-
chymal-epithelial transition (MET) occurs during inclusion
cyst formation [24].

Epithelial ovarian carcinogenesis thus may initially involve
changes of surface mesothelial cells which acquire charac-
teristics of epithelial cells (high miR-200, low ZEB1/2, high
E-cadherin levels) due to MET [14, 25, 26, 27, 28]. Generally,
epithelial cells have a highly baso-apical polarization suitable
for processes as endocytosis, exocytosis and vesicle transport,
and are closely associated with neighbouring cells. Mesenchy-
mal cells, in contrast, lack the baso-apical polarization but have
front-rear polarization, necessary for cell migration [29].

As ovarian tumor further progresses, epithelial-mesen-
chymal transition (EMT) may occur which is characterised
by functional changes of cells, i.e. detachment from neigh-
bouring cells (cells reduce intercellular adhesion and acquire
fibroblastoid properties) and migration in the adjacent tissue
[15]. Changes characteristic for EMT involve down-regula-
tion of epithelial markers, e.g. E-cadherin and plakoglobin,
up-regulation of mesenchymal markers, e.g. vimentin and N-
cadherin, and translocation of p-catenin from membrane into
the nuclear compartment [15, 30, 31]. Epithelial cells use the
transmembrane glycoprotein of type I cadherin superfamily
E-cadherin (encoded by CDHI) as the main molecule in
the adherent junctions. Loss (or down-regulation) of E-cad-
herin correlates with susceptibility to EMT and acquisition of
a metastatic phenotype in ovarian cancer [30]. Transcriptional
repressors of E-cadherin include the zinc finger factors Snail
(also known as Snaill, [32]) and Slug (also known as Snail2),
the zinc finger E-box binding homeobox 2 known as ZEB2
(with its homolog ZEB1) and basic helix-loop-helix (hHLH)
transcription factor Twist (see [14, 30, 33].

There exist more genes involved in the regulation of E-cad-
herin expression in ovarian cancer, for example gene C4orf7,
renamed FDC-SP (follicular dendritic cell secreted protein,
FDC-SP) where its over-expression resulted in Akt ser473
phosphorylation and decreased E-cadherin expression [34].
Similarly, MUC4 mucin over-expression in invasiveness of
ovarian cancer cells was associated with a decreased expression
of epithelial markers (E-cadherin and cytokeratin (CK)-18) and
an increased expression of mesenchymal markers (N-cadherin
and vimentin) [35]. In addition to transcriptional repression,
gene mutation, promoter hypermethylation and post-trans-
lational modification have been reported for inactivation of
E-cadherin in malignant neoplasms (see [33]). Five main factors
further identified to promote EMT in ovarian cancer cells are
transforming growth factor § (TGF-f), epidermal growth factor
(EGF), hepatocyte growth factor (HGF), endothelin-1 (ET-1)
and bone morphogenetic protein 4 (BMP4) (reviewed in [15]).
It has been shown recently that hepatocyte growth factor leads
to down-regulation of E-cadherin, beta-catenin and caveolin-1,
and is associated with invasion and metastasis enhancement in
ovarian cancer cells [31].

2. Secondary origin of ovarian cancer. Particularly based
on anatomical/morphological observations is a model of
secondary Miillerian origin of ovarian cancer cells [16, 36].
This model assumed spreading of tumor cells from parts of
mesonephric origin, i.e. of the Miillerian tract, to the ovary.
Expression of the same set for HOX genes in serous, endome-
trioid and mucinous ovarian carcinomas as epithelial cells
from normal fallopian tube, endometrium and endocervix
[37] has been proposed as the further evidence for this theory,
however, a compatibility with the above mentioned and the
following model should be investigated. An association be-
tween endometrioid type of ovarian tumors and endometrioid
tumors suggesting that they share their etiopathogenesis has
been shown recently [38].

The evidence that high-grade serous ovarian carcinomas
(most common and most lethal of all ovarian neoplasms)
may have the origin in the fimbriae of the fallopian tubes [39]
has underlined the controversy on origin of ovarian cancers
either in ovarian surface epithelium, or in fimbrial epithelium
[17]. On the contrary, mucinous, low-grade serous, some
high-grade serous carcinomas and borderline tumors may
originate in the OSE. Finally, the endometrioid and clear cell
carcinoma are assumed to be derived from endometriosis,
and remaining epithelian ovarian cancers may originate
either in the OSE or in the fimbrial epithelium [17, 40].

The novel unifying hypothesis suggests that OSE and
fimbrial epithelium are not separate and independent, either
developmentally or anatomically. Here, the immunohisto-
chemically-based study revealed further support and evidence
that the OSE and fimbrial epithelium may not be fully deter-
mined, share differentiation markers, and represent junctional,
or transitional epithelium extending from one form of fully
differentiated epithelium (pelvic serosa) to another (tubal
ampulla) [17].
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3. Cancer stem cells in ovarian cancer. The existence of
cancer stem cells (CSCs) described as multipotent cells ca-
pable of forming heterogeneous tumors in immunodeficient
mice [41]) suggests an interesting point of view how cancer
may evolve. CSCs are thought to be somatic stem cells that
have undergone mutations and thus acquiring a cancerous
phenotype [42]). Although the presence of ovarian somatic
stem cells has been suggested previously [43, 44] there exists
another theory dealing with CSCs as to be formed from line-
age-restricted or differentiated cells with a cancer phenotype
that dedifferentiate into CSCs [45]. CSCs were identified in
ovarian carcinomas [46, 47] besides many other cancers (see
[18]). Expression of stem cell markers CD133 and CD44 in
ovarian cancers has been shown to be associated with ovarian
cancer cells showing heightened aggressiveness and ability to
form xenograft tumors in mice (CD44*CD117* [47] or hav-
ing a higher proliferation potential at least (CD133*,[48]). As
a prognostic marker, however, the role of CD133* is question-
able [49]). Recently, a novel phenotype of ovarian cancer stem
cell-like cells (CSC-LCs) CD44*CD24 has been identified with
the characteristics of self-renewal, high tumorigenicity, multi-
differentiation potential and marked resistance to conventional
chemotherapeutic drugs in ovarian cancer [50]. Further, two
types of ovarian tumor cells recently discovered differed in
response to chemotherapy: Type I EOC cells were chemo-
resistant, while Type IT EOC cells were chemosensitive; both
the types differed also in expression of numerous genes. For
example, Type  EOC cells (having stem-like properties and
slower growth) express IL6, IL8, MCP-1, GROaq, Cytokeratin
18, the TLR adapter protein, MyD88 and stemness-associated
genes as CD44, Oct-4, SSEA-4 (see [51]). Although CSCs have
been implicated in tumor initiation, progression, metastasis,
and drug resistance, there is lack of consensus about the general
molecular characteristics of ovarian CSCs [52].

ITI. Cytogenetic and molecular characteristics, and fur-
ther factors in ovarian cancer.

1. Germline mutations of genes involved in ovarian cancer.
Mutations in BRCA1 and BRCA2 genes have been shown to
be in association with developing breast [53, 54], ovarian [55,
56] and fallopian tube [57] cancers. The inherited mutations in
BRCA1 (3-6%), BRCA2 (1-3%) and HNPCC DNA mismatch
repair genes (1-2%) associated with the invasive epithelial
ovarian cancer represent only about 10% of the cancers to be
attributed to that mutations which may significantly increase
lifetime risk of ovarian cancer (BRCA1 carriers: 15-30%,
BRCAZ2 carriers: 10-15%), but overall occurrence of these mu-
tations is low (<0.5% of individuals, [58]). Although detailed
cellular functions remain to be further elucidated, BRCA1
and BRCA2 are supposed to act as tumor suppressor genes
and their protein products affect transcriptional regulation
and DNA damage repair [59, 60].

2. Chromosomal rearrangements, cytogenetic aspects and
genetic polymorphisms in ovarian cancer. Ovarian cancer is
often characterized by genetic alterations including amplifi-

cations and deletions of large chromosomal regions. In our
previous studies using Comparative Genomic Hybridization
(CGH) method along with other cytogenetic methods in ovarian
cancer [61, 62], gains were observed on 3q, 1q and 20q chro-
mosomal regions similarly to Nowee et al. [63]. Similar results
were observed also for losses on 4q, 4p and 18q; however, there
were some different regions with observed amplifications and
deletions. Frequent observation of deletion on 22q (36.2% cases)
is congruent with other reports (e.g. [64]). We should mention
that deletions in some regions may represent common deletion
polymorphisms not necessarily associated with the disease as
it was demonstrated for this region [65]. On the other hand, in
another study, there was tumor suppressor gene, MYO18B on
22q suggested to be involved in ovarian cancer [66] and also
in other cancers (e.g. [67]). Other important results based on
conventional banding, FISH, CGH, chromosome microdissec-
tion, loss of heterozygosity, chromosome microcell-mediated
chromosome transfer were reviewed in Wang [68]. Further,
recurrent deletions have been identified on chromosomes 4, 6,
9,12,13,15,16, 17, 18,22 and most prevalently on X and 8 [69].
Genetic alterations specific to chemoresistant (gains on chromo-
some 9) and chemosensitive disease (losses on chromosome 8)
have been identified recently [70].

Research focused on mapping the genetic polymorphisms
within genome-wide association studies (GWAS) has iden-
tified several millions common genetic polymorphisms in
humans but for most diseases the discovered associations
cover a small portion of the estimated total heritability [71,
72]. Particularly in ovarian cancer these studies have failed to
find relevant associations previously [73], however a recent
study confirmed susceptibility locus at 9p22, revealed several
candidate loci and two susceptibility loci 8q24 and 2q31 have
been confirmed [74]. Several further polymorphisms investi-
gated previously (concerning sex hormone pathways or cell
cycle genes) proved not to be convincingly usable for the
identifying a strong association with the disease [75, 76].

3. Transcriptomic/proteomic research in ovarian cancer.
a, mRNA expression and proteomics. Historically, the mRNA
expression profiling has been often used for a prediction of
expression of relevant proteins and for determining their
up- or down-regulation. In ovarian cancer, studies of protein
deregulations were aimed particularly at establishing early
detection biomarkers. Promising biomarkers include family
of serine proteases, i.e. kallikreins (KLKs), further interleukins
(ILs), glycoproteins (osteopontin, CA-125), or antitumor
antibodies [77, 78, 79]. Also roles of B7-H4 (expressed in ac-
tivated T-cells), spondin 2 (extracellular matrix protein) and
DcR3 (tumor necrosis factor receptor superfamily) have been
investigated previously [80], and lamin A (nuclear membrane
organisation), SSRP1 and IRF6 (regulation of trascription),
RALBPI1 (transport), FUSIP1 (RNA splicing), CBLB (signal
transduction), TADA3I (regulation of cell cycle) have been
shown to express different pattern in sera [81].

Genome-wide analyses based on microarray technol-
ogy revealed (when reviewed) more than 150 genes highly
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up-regulated or down-regulated in short-term survivors, in-
volved in cell signaling, growth factors, transcription factors,
proteinases, metabolism, cell adhesion, extracellular matrix
component, cell proliferation and anti-apoptosis. Moreover,
among 154 genes in aggressive ovarian cancers, 108 (70.1%)
were associated with epithelial-mesenchymal transition
(EMT)-related genes [82]. Further, detailed transcriptome
analysis of chromosome 3 genes in serous epithelial ovarian
cancers including EOC cell lines and malignant tumors re-
vealed among 278 differentially expressed genes, three genes
(RIS1, GBEI and HEGL1) that were similarly under-expressed
in all the cancer samples studied [83], hower still without
further detailed evidence in other investigations.

Many other previous studies in ovarian cancer were aimed
particularly at finding the expression signature associated with
the disease stage, long-term survival of patients and resist-
ance to chemotherapeutics [84, 85]. However, there is a poor
association between the mRNA expression and abundance
of mRNA encoded proteins and qualitative and quantitative
analyses of proteomes are required [86]. Details on promising
serum protein markers (e.g. [87]) are given in the later part
Diagnosis of ovarian cancer.

b, Non-coding RNA/miRNA expression studies and
a role of microRNAs in ovarian cancer. Non-coding RNA
and progress in their investigation achieved in the last
decade have dramatically changed the view of regulation of
gene expression [88]. The most remarkable class represent
microRNA (miRNAs), which are one-stranded, 19 to 25
nucleotides long molecules of RNA. They are implicated
in regulation of gene expression at post-transcriptional
level by block of translation and/or cleavage and degrada-
tion of target mRNA [89, 90]. Different levels of miRNAs
expression in different cell types (including cancer cells)
and developmental stages suggested their involvement in
cell growth, differentiation and programmed cell death
[91]. In cancer, over-expressed miRNAs may function as
oncogenes (i.e. cancer promoters) by down-regulating tu-
mor suppressor genes and/or genes involved in control of
cell differentiation or apoptosis, for example miR-21 targets
tumor suppressor PTEN. On the other hand, miRNAs may
act as tumor suppressors (i.e. cancer inhibitors) by regulat-
ing above mentioned processes, for example by repression of
oncogenes, as does let-7 by targeting the oncogenes K-Ras,
Myc and HMGA-2 [92, 93]. There have been reports on
up- or down-regulation of miRNAs involved in cancer cell
proliferation, regulation of apoptosis, replicative potential
or angiogenesis of cancer cells. Further, miRNAs are ivolved
in regulation of immune responses, tumor invasion and
metastasis and regulation of genomic instability of cancer
cells where the changes in miRNA expression levels are
correlated with copy number changes in regions of genomic
instability or fragile sites [94]. MiRNAs may serve as predic-
tors and modifiers of chemo- and radiotherapy in different
tumor types in addition to a great potential for biomarker
establishing and future treatment possibilities [95].

In ovarian cancer, miRNA signatures using microarray
hybridization and quantification revealed 39 miRNAs, out of
them 25 were down-modulated and 4 up-modulated; these
29 miRNAs were able to clasify normal and tumor samples
and also characterized different ovarian carcinoma histotypes
[96]. Most significantly up-modulated were miR-200a and
miR-141 (the same family), and miR-200b. Among the down-
modulated genes there were the miR-125b1 and miR-145
altered also in breast cancer [97] and miR-199a was shown
to be down-modulated in other tumors (e.g. hepatocellular
carcinoma [98]).

An exceptional approach where integrated transcriptome
and miRNA analyses were used, revealed miR-9 (down-regu-
lated) and miR-223 (up-regulated) as potential biomarkers
in recurrent ovarian cancer [99]. Detection of differentially
expressed microRNAs in the serum (data from tumors not
available) was obtained in another study [100] where eight
miRNAs were found to be significantly differentially expressed
between cancer and normal serum specimens. Here, miRNAs-
21,92,93, 126 and 29a were over-expressed, and miRNAs-155,
127 and 99b were under-expressed in cancer specimens [100].
Using breakthrough massively parallel sequencing approach
(454 Life Sciences platform), six novel miRNAs and 39 can-
didate miRNAs were discovered [101]. Moreover, a set of 124
miRNAs differentially expressed in normal versus cancer sam-
ples and 38 miRNAs differentially expressed across histological
subtypes were identified [101]. Role of overexpressed miR-21
in targeting PTEN (tumor suppressor) was highlighted recently
in ovarian cancer [102].

Impact of expression of components of miRNA process-
ing machinery (enzymes Dicer and Drosha) has not been
proved to be included in deregulation of miRNAs in ovar-
ian cancer previously [99]. However, correlation of levels
of mRNA and corresponding proteins of Dicer and Drosha
with tumor stage has been found recently [103]. In this
study, low Dicer expression was significantly associated
with advanced tumor stage and low Drosha expression
with suboptimal surgical cytoreduction. The low levels of
Dicer expression in ovarian cancer tissues in comparison
to normal tissues have been found recently [104]. Gener-
ally, it should be noted that miRNA expression may be
dysregulated by various ways, e.g. mechanisms targeting
miRNA genes (1. genomic alterations — deletions, amplifi-
cations, translocations, epigenetics changes (methylation,
histone modification), polymorphisms or mutations and
transcriptional alterations, and 2. mechanisms modulating
the activity of the multistep processing enzymes (Drosha,
DGCRS, Exportin-5, Dicer and TRBP)) [105].

Based on expression studies of miR-200 family along with
ZEB transcription factors, over-expression of this miRNA fam-
ily was observed in ovarian cancer [14] in contrast to another
study where differential expression did not occur [106]. The
controversial results are ascribed to using E6/E7 immortalized
HOSE cells as the normal control in the latter study which may
suggest activity of E6/E7 viral oncoproteins [14]. Expression
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of ZEBI and ZEB2 was inverse to miR-200 family. Data in
this study supported the model of mesothelial-to-epithelial
transition and vice versa during tumor progression and further
dissemination [see 14].

When we compare some recent studies discrepancies can be
found in miRNAs expression profiles of tumors versus controls
in ovarian cancer. For example, miR-21 was shown to be up-
modulated [96] or down-modulated [101], down-modulated
expression of miR-126, miR-143, miR-195, miR-29c and miR-
99a [96] was not followed in Wyman et al. [101] where these
miRNAs were up-modulated; miR-214 and miR-199a found
to be over-expressed in Yang et al. [107] were found to be
under-expressed elsewhere [101]. In many instances, how-
ever, expression profiles of certain miRNAs were similar. The
discrepancies in detected microRNA expression patterns in
many studies may be for example attributed to different tissue
types (heterogeneity, classification), processing and analyzing
methods, normalization strategies (choice of endogenous
controls), choice of normal controls (calibrators), sample
numbers or geographical differences. For a comprehensive
review of microRNA expression in ovarian cancer and therapy
resistance see [108].

4. Epigenetic factors involved in ovarian carcinogenesis.
DNA methylation profiling studies proceeding during last
years revealed several potential target genes (being methyl-
ated) involved in ovarian carcinogenesis. For example, tumor
specific hypermethylation status of BRCA1 and RASSF1A
tumor suppressor genes with corresponding values in patient
serum/plasma DNA have been reported previously in ovarian
cancer [109]. Particularly, HOXA genes cluster methylation is
the common feature in cancer [110] and these genes are essen-
tial for differentiation of the reproductive tract, e.g. HOXA9is
expressed at high levels in areas becoming fallopian tube [111].
The possibly relevant markers for screening may be for exam-
ple HOXA9, HOXB5, SCGB3A1 and CRABP1 identified in
ovarian tumor samples [112]. However, in another study genes
HOXA10 and HOXA11 appeared to be highly methylated in
comparison to normal ovary tissue and results for SCGB3A1
[112] were not supported [113]. Methylation of HOXA 9, 10
and 11 genes was further confirmed and possibility of detec-
tion of methylation status of the endometrial epithelium as
the marker for ovarian cancer has been proposed recently
[114]. DNA methylation profiles in a panel of 56 genes using
sections of ovarian serous papillary adenocarcinomas and
also in plasma samples revealed ten of the profiles as poten-
tially informative in tissues and five genes were identified as
informative in plasma [115]. Another study on methylation
provides further profiling analyses, and most importantly, it
challenges the usage of cell lines as tumor models [116].

5. Epidemiological factors in ovarian cancer. From an
epidemiological point of view, there have been reported
several risks known to influence a women’s lifetime risk for
ovarian cancer (see [117]). We can mention associations with
age, duration of breastfeeding, age at natural menopause, and
duration of estrogen use, all these factors have been shown to

differ significantly by histologic subtype, although duration
of breastfeeding was inversely associated with all the subtypes
but with strongest association found in mucinous tumors. Age
among women under 50 was associated with serous invasive
and endometrioid tumors, among older women (50 years and
older) age may implicate modest increase in risk of serous
invasive cancers and modest decrease in risk of endome-
trioid tumors. The increase in number of ovulatory years is
associated with high risk of serous invasive and endometrioid
tumors (each 1-year brings 8% increase of risk) and 3% risk
of mucinous tumors. Parity has been shown most protective
for endometrioid and clear-cell tumors, but has the protective
effect among all the subtypes, similarly as use of oral contra-
ceptive which exhibited similar protective effect for all the
subtypes (see [117]).

In contrast to another gynecological malignancy, i.e. the
cervical cancer (HPV associated one), no causal association
of ovarian cancer and bacterial (Mycoplasma genitalium, Neis-
seria gonorrhoeae) or viral infection (HPV or polyomavirus)
has been confirmed recently [118].

6. Role of immune system in ovarian cancer. Association
of tumor infiltrating leukocytes with clinical outcome of ovar-
ian cancer patients have been demonstrated previously (see
later), however, the exact immunological basis for the tumor
escape from host immunosurveillance remains elusive. Two
basic general models deal with this issue (reviewed in [119]).
The first one suggests that immune rejection of the tumor does
not occur due to fact the tumor is recognized as immuno-
logically normal tissue. Tumor cells express tumor-associated
antigens (TAA), which can be normally present on host cells,
so induction of an effective anti-tumor immune response is
not achieved [120, 121]. In ovarian cancer, it has been demon-
strated that loss of HLA class I antigen on tumor cells correlates
with poor outcome, as the interaction of T cells and the HLA
receptor is needed to elicit their function (see [122]).

The second general model suggests that a host mechanism
of immunosurveillance exists and plays an active role in
suppressing the initiation and further tumor growth. Mecha-
nisms of immunologic escape of the tumor involve change of
immunogenicity and production of various tumor-derived
immunoregulatory molecules (see [119]). In ovarian cancer,
inflammatory cells may be attracted by chemokines produced
by tumor islets (e.g CXCL9, see [123]), or chemotoxic sub-
stances may be released by tumor to enhance apoptosis of the
cytotoxic T cells (see [124]. Regulatory CD4+ T lymphocytes
suppress immune responses by secreting transforming growth
factor beta and interleukin 10, or by direct cell-cell contact,
and concentrate in peri-tumoral areas (see [124]). The exact
role and functions of these and other leukocytes subsets in
ovarian carcinogenesis remain to be elucidated.

IV. Current diagnosis, treatment and prognosis in
ovarian cancer patients. All above-mentioned issues, such
as origin, cytogenetic alterations, and consequently changes
in gene expression reflected in mRNA and protein levels in-
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cluding regulations by non-coding RNAs may have potential
applications in diagnosis, prognosis or treatment of disease.
However, studies focused specifically on tumor tissues have
limited potential for the diagnosis as it is not known how the
changes are reflected in body fluids (e.g. blood, urine) which
can be used for routine disease screening. Despite several
clinical trials ongoing nowadays, most of the results of the
current research need to be validated extensively before the
use in the clinical practice.

1. Diagnosis of ovarian cancer. There exists no proven
effective screening method which could be used for the early
detection of ovarian cancer. Routine diagnostic methods for
ovarian cancer involve pelvic examination, assessment of se-
rum CA-125 antigen level (tumor marker) and transvaginal
ultrasound (TVU), potentially associated with analysis of
several tumor markers [125]. Although use of CA-125 marker
along with a computerised algorithm (Risk of Ovarian Can-
cer Algorithm, ROCA) has improved this common marker
relevance previously [126], for the early stage ovarian cancer
detection this marker has poor sensitivity [127, 128].

Tumor markers being under investigation for the poten-
tial use in ovarian cancer screening include mucin related
glycoproteins (include abovementioned CA-125, and OVX1,
CA-125II, CA-72-4, CA15-3, HE4 (human epididymis pro-
tein 4), mesothelin (MES)), hepatic and acute phase proteins
(haptoglobin-a(HP-a), bikunin, C-reactive protein) and sev-
eral other markers with various specificities and sensitivities
according to different combinations (reviewed in [128]). The
usage of one marker alone usually has a worse sensitivity and
specifity than their combination and some authors use the
composite index, however, there remains the urgent need for
sensitive tumor markers [128].

Moreover, when comparing different diagnostic strategies,
i.e. histologic, cytologic and clinical in predicting final patol-
ogy, cytology-based approaches (paracentesis, thoracentesis,
or fine needle aspirate; diagnostic accuracy 98%) and histol-
ogy-based ones (core biopsy, surgery; accuracy 92%) revealed
to be more accurate than clinical ones (radiology and CA-125,
accuracy 87%) [129].

The abovementioned differential expression of miRNAs
showing potential in ovarian cancer detection has to be vali-
dated extensively for the blood/serum/plasma samples, and is
not currently used in diagnostic routine.

2. Treatment of ovarian cancer. Primary cytoreductive
surgery followed by chemotherapy is used usually as the initial
management of ovarian cancer. Despite the fact that more ef-
fective surgery and optimized combinational chemotherapy,
i.e. platinum-based drugs combined with taxanes have im-
proved the management of ovarian cancer over the last two
decades, the overall cure rate is only 30% [108, 130, 131, 132].
Following primary treatment for ovarian cancer, clinical as-
sessment and CA-125 are routinely used to monitor patients.
For suspected recurrence, ultrasound, computed tomography
(CT) and positron emission tomography (PET)/CT appeared
suitable particularly in patients with negative CT or magnetic

resonance imaging (MRI) [133]. Second-line chemotherapy
applied in recurrent disease has a palliative character, and is
used along with the above-mentioned procedures.

3. Prognosis of the ovarian cancer development. Several al-
terations in gene expression have been revealed to be associated
with prognostic outcome for patients. High expression levels of
Dicer, Drosha and elF6, proteins involved in miRNA matura-
tion, were shown to be associated with a favourable prognosis
of ovarian cancer patients [134, 135]. On the contrary, high
expression levels of the miR-200 family have been associated
with decreased progression-free survival and overall survival
of ovarian cancer patients [136]. Low expression levels of let-7b
in serous ovarian carcinomas have been associated with poor
prognosis [136]. High expression levels of Lin28 and Lin28b
(inhibitors of let-7 miRNA processing, [137]), correlated with
shorter progression-free survival and overall survival in patients
with ovarian cancer [138]. Several miRNAs altered expressions
have been also reported to be associated with chemotherapy
resistance in both directions (reviewed in [108]). Currently,
down-regulation of miR-153 and up-regulation of miR-519a
has been shown to be correlated significantly with advanced
clinical stage, and higher expression of miR-519a in late stage
serous carcinoma was significantly associated with poor progres-
sion-free survival [139].

It has been also found recently that high levels of Wnt5a
expression were associated with FIGO stage and a poorer over-
all survival and progression-free survival compared with low
Whnt5a expression [140]. Similarly, positive NAC1 expression
significantly correlated with shorter disease-free and overall
survival and revealed as an independent prognostic factor for
these characteristics after standard platinum-taxane chemo-
therapy in another recent study [141]. Wnt7a expression has
been found to be correlated with serous subtype, elder age,
advanced stage and high grade, suggesting the association
with poor prognosis [142]. Patients with p53-positive tumors
(alone/or combined with p27 and/or C-MYC) had significantly
worse survival (DFS) compared with patients with p53-nega-
tive tumors and continued to have recurrences after the 5-year
follow-up [143].

Correlations have been also found between numbers of
particular tumor infiltrating lymphocytes (e.g. CD3", includ-
ing CD4" and CD8" T cells) and disease prognosis previously.
Elevated proportions of tumor-infiltrating CD3* T cells and
CD8* T cells (cytotoxic T cells) have been often associated with
favorable prognosis (see [144]). Contrary to results for CD3*
T cell infiltration, also a correlation with brief (<12 months)
disease-free interval has been reported previously both for
CD3*and yd T cells [145]. Further, an association of tumor-
infiltrating CD25*FoxP3* T cells with decreased survival has
been found previously (e.g. [146]). Significant correlation was
found between higher numbers of CD8* cells and macrophages
with malignancy of the tumors [147].

V. Conclusions. Epithelial ovarian cancer remains the
controversial issue for further investigations. Heterogeneity in
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cancer tissues (intratumoral and among the subtypes) resulting
from possibly different origin and development, and reflected
also in various clinical manifestations of histological subtypes
providing different potential markers with disputed relevancy,
and high tendency to recurrence/chemoresistance make this
disease the great challenge of the current medicine. Huge
number of diagnostic markers is being tested to obtain relevant
diagnostic non-invasive tools. Many prognostic factors have
been revealed. Novel therapeutic experimental approaches
include use of RNAi (RNA interference), immunotherapy, or
use of oncolytic viruses. Several novel drugs are investigated
in clinical trials. As there exist many novel approaches differ-
ing in the methodology used, the resulting bias may lead to
limited usefulness for the diagnostic purposes and for relevant
comparisons. We can mention for example differences noted in
the microRNA expression which may possibly be particularly
attributed to use of various calibration and normalization strat-
egies. Further, the investigations usually do not integrate DNA,
RNA (coding and non-coding ones) and proteins analyses and
expression studies, and the heterogeneity of tumor tissues may
be underestimated. In comparison to tumor tissue profiling,
the non-invasive methods and analyses (e.g. blood, leukocytes,
plasma/serum, saliva, and urine) particularly considering non-
coding RNA are much rarer or lacking, but may have higher
potential for the diagnostic purposes. Moreover, the associa-
tions of such expression profiles with tumor tissue profiling
(and vice versa) are not usually known. Therefore, despite
all the efforts (many have not been mentioned) and recent
research progress, diagnosis and treatment at the current state
provide the issue with much potential to improve.

Acknowledgements: The authors would like to acknowledge The
Ministry of Education, Youth and Sports of the Czech Republic for
the financial support (project no. MSM 0021620808).

References

[1] JEMAL A, SIEGEL R, XU JQ, WARD E. Cancer Statistics,
2010. Ca-Cancer J. Clin. 2010; 60: 277-300. doi:10.3322/
caac.20073

[2] VERNOOIJ F, HEINTZ P, WITTEVEEN E, VAN DER
GRAAF Y. The outcomes of ovarian cancer treatment are
better when provided by gynecologic oncologists and in
specialized hospitals: A systematic review. Gynecol. Oncol.
2007; 105: 801-812. d0i:10.1016/j.ygyno.2007.02.030

[3] WILLIAMS ARW Pathological Assessment of Ovarian
Cancer. In: Bartlett JMS ed. Ovarian cancer: methods and
protocols. Humana Press, Totowa, New Persey, 2000: 49-
60.

[4] SCULLY RE, YOUNG RH, CLEMENT PB. Tumors of the
Ovary, Maldeveloped Gonads, Fallopian Tube, and Broad
Ligament. Atlas of Tumor Pathology, Third Series, Fascicle 23.
Washington, DC.: Armed Forces Institute of Pathology, 1998.

[5] DONNINGER H, BONOME T, RADONOVICH M, PISE-
MASISON CA, BRADY ] et al. Whole genome expression
profiling of advance stage papillary serous ovarian cancer

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

[14]

[15]

(16]

(17]

(18]

(19]

[20]

reveals activated pathways. Oncogene 2004; 23: 8065-8077.
doi:10.1038/sj.0nc.1207959

HARRISON ML, JAMESON C, GORE ME. Mucinous ovarian
cancer. Int. J. Gynecol. Cancer 2008; 18: 209-214. doi:10.1111/
j.1525-1438.2007.01022.x

SUGIYAMA T, KAMURA T, KIGAWA ], TERAKAWA N,
KIKUCHI Y et al. Clinical characteristics of clear cell car-
cinoma of the ovary - A distinct histologic type with poor
prognosis and resistance to platinum-based chemotherapy.
Cancer 2000; 88: 2584-2589. d0i:10.1002/1097-0142(200006
01)88:11<2584::AID-CNCR22>3.3.C0O;2-X

QAZI F, MCGUIRE WP. The Treatment of Epithe-
lial Ovarian-Cancer. Ca-Cancer J. Clin. 1995; 45: 88-101.
doi:10.3322/canjclin.45.2.88

FRIEDLANDER ML. Prognostic factors in ovarian cancer.
Semin. Oncol. 1998; 25: 305-314.

GATTA G, LASOTA MB, VERDECCHIA A. Survival of
European women with gynaecological tumours, during
the period 1978-1989. Eur. J. Cancer 1998; 34: 2218-2225.
d0i:10.1016/S0959-8049(98)00326-8

HEINTZ APM, ODICINO F, MAISONNEUVE P, QUINN
MA, BENEDET JL et al. Carcinoma of the ovary. Int. J.
Gynecol. Obstet. 2006; 95: S161-S192. doi:10.1016/50020-
7292(06)60033-7

NGUYEN HN, AVERETTE HE, HOSKINS W, PENALVER
M, SEVIN BU et al. National Survey of Ovarian-Carcinoma.5.
the Impact of Physicians Specialty on Patients Survival. Cancer
1993;72: 3663-3670. d0i:10.1002/1097-0142(19931215)72:12
<3663::AID-CNCR2820721218>3.0.CO;2-S

HANAHAN D, WEINBERG RA. The hallmarks of cancer.
Cell 2000; 100: 57-70. d0i:10.1016/S0092-8674(00)81683-9
BENDORAITE A, KNOUF EC, GARG KS, PARKIN
RK, KROH EM et al. Regulation of miR-200 family
microRNAs and ZEB transcription factors in ovarian can-
cer: Evidence supporting a mesothelial-to-epithelial
transition. Gynecol. Oncol. 2010; 116: 117-125. d0i:10.1016/
j-ygyno.2009.08.009

VERGARA D, MERLOT B, LUCOT JP, COLLINET P,
VINATIER D et al. Epithelial-mesenchymal transition in
ovarian cancer. Cancer Lett. 2010; 291: 59-66. d0i:10.1016/
j.canlet.2009.09.017

DUBEAU L. The cell of origin of ovarian epithelial tumours.
Lancet Oncol. 2008; 9: 1191-1197. d0i:10.1016/S1470-
2045(08)70308-5

AUERSPERG N. The Origin of Ovarian Carcinomas: A Uni-
fying Hypothesis. Int. J. Gynecol. Pathol. 2011; 30: 12-21.
doi:10.1097/PGP.0b013e3181f45f3e

FONG MY, KAKAR SS. The role of cancer stem cells and
the side population in epithelial ovarian cancer. Histol. His-
topathol. 2010; 25: 113-120.

MITTAL KR, ZELENIUCHJACQUOTTE A, COOPER JL,
DEMOPOULOS RI. Contralateral Ovary in Unilateral Ovar-
ian-Carcinoma — A Search for Preneoplastic Lesions. Int.
J. Gynecol. Pathol. 1993; 12: 59-63. d0i:10.1097/00004347-
199301000-00008

SCULLY RE. Pathology of ovarian cancer precursors. J. Cell.
Biochem. 1995; 208-218.



http://dx.doi.org/10.3322/caac.20073
http://dx.doi.org/10.3322/caac.20073
http://dx.doi.org/10.1016/j.ygyno.2007.02.030
http://dx.doi.org/10.1038/sj.onc.1207959
http://dx.doi.org/10.1111/j.1525-1438.2007.01022.x
http://dx.doi.org/10.1111/j.1525-1438.2007.01022.x
http://dx.doi.org/10.1002/1097-0142%2820000601%2988:11%3C2584::AID-CNCR22%3E3.3.CO;2-X
http://dx.doi.org/10.1002/1097-0142%2820000601%2988:11%3C2584::AID-CNCR22%3E3.3.CO;2-X
http://dx.doi.org/10.3322/canjclin.45.2.88
http://dx.doi.org/10.1016/S0959-8049%2898%2900326-8
http://dx.doi.org/10.1016/S0020-7292%2806%2960033-7
http://dx.doi.org/10.1016/S0020-7292%2806%2960033-7
http://dx.doi.org/10.1002/1097-0142%2819931215%2972:12%3C3663::AID-CNCR2820721218%3E3.0.CO;2-S
http://dx.doi.org/10.1002/1097-0142%2819931215%2972:12%3C3663::AID-CNCR2820721218%3E3.0.CO;2-S
http://dx.doi.org/10.1016/S0092-8674%2800%2981683-9
http://dx.doi.org/10.1016/j.ygyno.2009.08.009
http://dx.doi.org/10.1016/j.ygyno.2009.08.009
http://dx.doi.org/10.1016/j.canlet.2009.09.017
http://dx.doi.org/10.1016/j.canlet.2009.09.017
http://dx.doi.org/10.1016/S1470-2045%2808%2970308-5
http://dx.doi.org/10.1016/S1470-2045%2808%2970308-5
http://dx.doi.org/10.1097/PGP.0b013e3181f45f3e
http://dx.doi.org/10.1097/00004347-199301000-00008
http://dx.doi.org/10.1097/00004347-199301000-00008

464

L. ZAVESKY, N. JANCARKOVA, M. KOHOUTOVA

(26]

(27]

(28]

CHEN VW, RUIZ B, KILLEEN JL, COTE TR, WU XC, COR-
REA CN. Pathology and classification of ovarian tumors.
Cancer 2003; 97: 2631-2642.

OZOLS RE, BOOKMAN MA, CONNOLLY DC, DALY MB,
GODWIN AK et al. Focus on epithelial ovarian cancer. Cancer
Cell 2004; 5: 19-24. d0i:10.1016/S1535-6108(04)00002-9
WONG AST, LEUNG PCK. Role of endocrine and growth
factors on the ovarian surface epithelium. J. Obstet. Gynaecol.
Res. 2007; 33: 3-16. d0i:10.1111/j.1447-0756.2007.00478.x
OKAMOTO S, OKAMOTO A, NIKAIDO T, SAITO M,
TAKAO M et al. Mesenchymal to epithelial transition in the
human ovarian surface epithelium focusing on inclusion cysts.
Oncol. Rep. 2009; 21: 1209-1214. doi:10.3892/or 00000343
SUNDFELDT K, PIONTKEWITZY, IVARSSON K, NILSSON
O, HELLBERG P et al. E-cadherin expression in human epithe-
lial ovarian cancer and normal ovary. Int. J. Cancer 1997; 74:
275-280. d0i:10.1002/(SICT)1097-0215(19970620)74:3<275::
AID-IJC7>3.0.CO;2-W

AUERSPERG N, PAN ], GROVE BD, PETERSON T, FISHER ]
etal. E-cadherin induces mesenchymal-to-epithelial transition
in human ovarian surface epithelium. Proc. Natl. Acad. Sci.
U.S. A. 1999; 96: 6249-6254. d0i:10.1073/pnas.96.11.6249
AUERSPERG N, WONG AST, CHOI KC, KANG SK, LEUNG
PCK. Ovarian surface epithelium: Biology, endocrinology,
and pathology. Endocr. Rev. 2001; 22: 255-288. d0i:10.1210/
€r.22.2.255

WU C, CIPOLLONE ], MAINES-BANDIERA S, TAN C,
KARSAN A et al. The morphogenic function of E-cadherin-
mediated adherens junctions in epithelial ovarian carcinoma
formation and progression. Differentiation 2008; 76: 193-205.
doi:10.1111/j.1432-0436.2007.00193 .x

VOULGARI A, PINTZAS A. Epithelial-mesenchymal transi-
tion in cancer metastasis: Mechanisms, markers and strategies
to overcome drug resistance in the clinic. Biochim. Biophys.
Acta, Rev. Cancer 2009; 1796: 75-90.

ELLOULS, SILINS I, TROPE CG, BENSHUSHAN A, DAV-
IDSON B et al. Expression of E-cadherin transcriptional
regulators in ovarian carcinoma. Virchows Arch. 2006; 449:
520-528. d0i:10.1007/s00428-006-0274-6

HUJ, SHAO SJ, SONG Y, ZHAOJY, DONGYY et al. Hepatocyte
Growth Factor Induces Invasion and Migration of Ovarian
Cancer Cells by Decreasing the Expression of E-Cadherin,
beta-Catenin, and Caveolin-1. Anat. Rec. 2010; 293: 1134-
1139. d0i:10.1002/ar.21147

JIN HY, YU YH, ZHANG T, ZHOU XR, ZHOU XR et al.
Snail is critical for tumor growth and metastasis of ovarian
carcinoma. Int. J. Cancer 2010; 126: 2102-2111.

YOSHIDA ], HORIUCHI A, KIKUCHI N, HAYASHI A,
OSADA R et al. Changes in the expression of E-cadherin
repressors, Snail, Slug, SIP1, and Twist, in the development
and progression of ovarian carcinoma: the important role of
Snail in ovarian tumorigenesis and progression. Med. Mol.
Morphol. 2009; 42: 82-91. d0i:10.1007/s00795-008-0436-5
WANG CG, ZHOU L, LI SA, WEI JC, WANG W et al. C4orf7
contributes to ovarian cancer metastasis by promoting
cancer cell migration and invasion. Oncol. Rep. 2010; 24:
933-939.

[41]

(42]

PONNUSAMY MP, LAKSHMANAN I, JAIN M, DAS §,
CHAKRABORTY S et al. MUC4 mucin-induced epithelial to
mesenchymal transition: a novel mechanism for metastasis of
human ovarian cancer cells. Oncogene 2010; 29: 5741-5754.
d0i:10.1038/0n¢.2010.309
AUERSPERG N, WOO MMM, GILKS CB. The origin of
ovarian carcinomas: A developmental view. Gynecol. Oncol.
2008; 110: 452-454. d0i:10.1016/j.ygyno.2008.05.031
CHENG WJ, LIU JS, YOSHIDA H, ROSEN D, NAORA H.
Lineage infidelity of epithelial ovarian cancers is controlled by
HOX genes that specify regional identity in the reproductive
tract. Nat. Med. 2005; 11: 531-537. d0i:10.1038/nm1230
GEVAERT O, DAEMEN A, DE MOOR B, LIBBRECHT L.
A taxonomy of epithelial human cancer and their metastases.
BMC Med. Genomics 2009; 2: 69. doi:10.1186/1755-8794-2-69
LEVANON K, CRUM C, DRAPKIN R. New Insights Into
the Pathogenesis of Serous Ovarian Cancer and Its Clinical
Impact. J. Clin. Oncol. 2008; 26: 5284-5293. d0i:10.1200/
C0.2008.18.1107
VANG R, SHIH IM, KURMAN R]J. Ovarian Low-grade
and High-grade Serous Carcinoma Pathogenesis, Clinico-
pathologic and Molecular Biologic Features, and Diagnostic
Problems. Adv. Anat. Pathol. 2009; 16: 267-282. d0i:10.1097/
PAP.0b013e3181b4fffa
POLYAK K, HAHN WC. Roots and stems: stem cells in cancer.
Nat. Med. 2006; 12: 296-300. d0i:10.1038/nm1379
DONTU G, EL-ASHRY D, WICHA MS. Breast cancer, stem/
progenitor cells and the estrogen receptor. Trends Endocrinol.
Metab. 2004; 15: 193-197. doi:10.1016/j.tem.2004.05.011
BUKOVSKY A, CAUDLE M, SVETLIKOVA M, UPAD-
HYAYA N. Origin of germ cells and formation of new primary
follicles in adult human ovaries. Reprod. Biol. Endocrinol.
2004; 2: 20. doi:10.1186/1477-7827-2-20
JOHNSON J, BAGLEY J, SKAZNIK-WIKIEL M, LEE HJ, AD-
AMS GB etal. Oocyte generation in adult mammalian ovaries
by putative germ cells in bone marrow and peripheral blood.
Cell 2005; 122: 303-315. d0i:10.1016/j.cell.2005.06.031
SRIVASTAVA VK, NALBANTOGLU ]J. Flow cytometric
characterization of the DAOY medulloblastoma cell line for
the cancer stem-like phenotype. Cytometry Part A 2008; 73A:
940-948. d0i:10.1002/cyto.a.20633
BAPAT SA, MALI AM, KOPPIKAR CB, KURREY NK. Stem
and progenitor-like cells contribute to the aggressive behavior
of human epithelial ovarian cancer. Cancer Res. 2005; 65:
3025-3029.
ZHANG S, BALCH C, CHAN MW, LAT HC, MATEI D et al.
Identification and characterization of ovarian cancer-initiat-
ing cells from primary human tumors. Cancer Res. 2008; 68:
4311-4320. doi:10.1158/0008-5472.CAN-08-0364
FERRANDINA G, BONANNO G, PIERELLI L, PERILLO
A, PROCOLI A et al. Expression of CD133-1 and CD133-2
in ovarian cancer. Int. J. Gynecol. Cancer 2008; 18: 506-514.
doi:10.1111/j.1525-1438.2007.01056.x
FERRANDINA G, MARTINELLI E, PETRILLO M, PRISCO
MG, ZANNONI G et al. CD133 antigen expression in ovarian
cancer. Bmc Cancer 2009; 9: 221. doi:10.1186/1471-2407-9-
221



http://dx.doi.org/10.1016/S1535-6108%2804%2900002-9
http://dx.doi.org/10.1111/j.1447-0756.2007.00478.x
http://dx.doi.org/10.3892/or_00000343
http://dx.doi.org/10.1002/%28SICI%291097-0215%2819970620%2974:3%3C275::AID-IJC7%3E3.0.CO;2-W
http://dx.doi.org/10.1002/%28SICI%291097-0215%2819970620%2974:3%3C275::AID-IJC7%3E3.0.CO;2-W
http://dx.doi.org/10.1073/pnas.96.11.6249
http://dx.doi.org/10.1210/er.22.2.255
http://dx.doi.org/10.1210/er.22.2.255
http://dx.doi.org/10.1111/j.1432-0436.2007.00193.x
http://dx.doi.org/10.1007/s00428-006-0274-6
http://dx.doi.org/10.1002/ar.21147
http://dx.doi.org/10.1007/s00795-008-0436-5
http://dx.doi.org/10.1038/onc.2010.309
http://dx.doi.org/10.1016/j.ygyno.2008.05.031
http://dx.doi.org/10.1038/nm1230
http://dx.doi.org/10.1186/1755-8794-2-69
http://dx.doi.org/10.1200/JCO.2008.18.1107
http://dx.doi.org/10.1200/JCO.2008.18.1107
http://dx.doi.org/10.1097/PAP.0b013e3181b4fffa
http://dx.doi.org/10.1097/PAP.0b013e3181b4fffa
http://dx.doi.org/10.1038/nm1379
http://dx.doi.org/10.1016/j.tem.2004.05.011
http://dx.doi.org/10.1186/1477-7827-2-20
http://dx.doi.org/10.1016/j.cell.2005.06.031
http://dx.doi.org/10.1002/cyto.a.20633
http://dx.doi.org/10.1158/0008-5472.CAN-08-0364
http://dx.doi.org/10.1111/j.1525-1438.2007.01056.x
http://dx.doi.org/10.1186/1471-2407-9-221
http://dx.doi.org/10.1186/1471-2407-9-221

OVARIAN CANCER: ORIGIN AND FACTORS IN CARCINOGENESIS

465

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

SHIME JIAOJ, LU WG, YE E MA D. Identification of cancer
stem cell-like cells from human epithelial ovarian carcinoma
cell line. Cell. Mol. Life Sci. 2010; 67: 3915-3925. doi:10.1007/
s00018-010-0420-9

MOR G, YIN G, CHEFETZI, YANG Y, ALVERO A. Ovarian
cancer stem cells and inflammation. Cancer Biol. Ther. 2011;
11: 1-6. d0i:10.4161/cbt.11.8.14967

DYALL S, GAYTHER SA, DAFOU D. Cancer stem cells and
epithelial ovarian cancer. J. Oncol. 2010; 2010: 105269.
EASTON DE BISHOP DT, FORD D, CROCKFORD GP. Ge-
netic-Linkage Analysis in Familial Breast and Ovarian-Cancer
- Results from 214 Families. Am. J. Hum. Genet. 1993; 52:
678-701.

NAROD S, FORD D, DEVILEE P, BARKARDOTTIR RB,
EYFJORD ] et al. Genetic-Heterogeneity of Breast-Ovarian
Cancer Revisited. Am. J. Hum. Genet. 1995; 57: 957-958.
RAMUS §J, HARRINGTON PA, PYE C, DICIOCCIO RA,
COX M]J et al. Contribution of BRCA1 and BRCA2 mutations
to inherited ovarian cancer. Hum. Mutat. 2007; 28: 1207-1215.
d0i:10.1002/humu.20599

RAMUS SJ, GAYTHER SA. The Contribution of BRCA1 and
BRCA2 to Ovarian Cancer. Mol. Oncol. 2009; 3: 138-150.
doi:10.1016/j.molonc.2009.02.001

ZWEEMER RP, VAN DIEST PJ, VERHEIJEN RHM, RYAN
A, GILLEJJP et al. Molecular evidence linking primary cancer
of the Fallopian tube to BRCA1 germline mutations. Gynecol.
Oncol. 2000; 76: 45-50. d0i:10.1006/gyno0.1999.5623
WENHAM RM, SCHILDKRAUT JM, MCLEAN K, CAL-
INGAERT B, BENTLEY RC et al. Polymorphisms in BRCA1
and BRCA2 and risk of epithelial ovarian cancer. Clin. Cancer
Res. 2003; 9: 4396-4403.

NIWA T, SAITO H, IMAJOH-OHMI S, KAMINISHI M,
SETO Y et al. BRCA2 interacts with the cytoskeletal linker
protein plectin to form a complex controlling centrosome
localization. Cancer Sci. 2009; 100: 2115-2125. doi:10.1111/
j.1349-7006.2009.01282.x

PROMKAN M, LIU GM, PATMASIRIWAT P, CHAKRA-
BARTY S. BRCA1 modulates malignant cell behavior, the
expression of survivin and chemosensitivity in human breast
cancer cells. Int. J. Cancer 2009; 125: 2820-2828. d0i:10.1002/
ijc.24684

JANCARKOVA N, KRKAVCOVA M, JANASHIA M, FREI-
TAG P, DUSKOVA J et al. Chromosomal rearrangements and
their relations to histopathological and clinical parameters in
epithelial ovarian cancer. Folia Biol. 2008; 54: 58-64.
KRKAVCOVA M, JANCARKOVA N, JANASHIA M, FREI-
TAG P, DUSKOVA J. Genetic alterations in gynecological
malignancies. Neoplasma 2008; 55: 205-214.

NOWEE ME, SNIJDERS AM, ROCKX DAP, DE WIT RM,
KOSMA VM et al. DNA profiling of primary serous ovar-
ian and Fallopian tube carcinomas with array comparative
genomic hybridization and multiplex ligation-dependent
probe amplification. J. Pathol. 2007; 213: 46-55. d0i:10.1002/
path.2217

BENETKIEWICZ M, WANG Y, SCHANER M, WANG P,
MANTRIPRAGADA KK et al. High-resolution gene copy
number and expression profiling of human chromosome 22

(65]

(66]

(67]

(68]

[69]

(70]

(71]

(72]

(73]

(74]

[75]

(76]

(77]

(78]

in ovarian carcinomas. Genes, Chromosomes Cancer 2005;
42:228-237. d0i:10.1002/gcc.20128

LIN HC, PIZER ES, MORIN PJ. A frequent deletion polymor-
phism on chromosome 22q13 identified by representational
difference analysis of ovarian cancer. Genomics 2000; 69:
391-394. doi:10.1006/geno.2000.6357

YANAIHARA N, NISHIOKA M, KOHNO T, OTSUKA
A, OKAMOTO A et al. Reduced expression of MY018B,
a candidate tumor-suppressor gene on chromosome arm
22q in ovarian cancer. Int. J. Cancer 2004; 112: 150-154.
d0i:10.1002/ijc.20339

NAKANO T, TANI M, NISHIOLKA M, KOHNO T, OTSUKA
A et al. Genetic and epigenetic alterations of the candidate
tumor-suppressor gene MYO 18B, on chromosome arm 22q,
in colorectal cancer. Genes, Chromosomes Cancer 2005; 43:
162-171. d0i:10.1002/gcc.20180

WANG N. Cytogenetics and molecular genetics of ovarian
cancer. Am. J. Med. Genet. 2002; 115: 157-163. d0i:10.1002/
ajmg.10695

HAVERTY PM, HON LS, KAMINKERJS, CHANT ], ZHANG
ZM. High-resolution analysis of copy number alterations and
associated expression changes in ovarian tumors. BMC Med.
Genomics 2009; 2: 21. d0i:10.1186/1755-8794-2-21
OSTERBERG L, LEVAN K, PARTHEEN K, DELLE U, OLS-
SON B et al. Specific Copy Number Alterations Associated
with Docetaxel/Carboplatin Response in Ovarian Carcino-
mas. Anticancer Res. 2010; 30: 4451-4458.

PANAGIOTOU OA, EVANGELOU E, IOANNIDIS JPA. Ge-
nome-wide Significant Associations for Variants With Minor
Allele Frequency of 5% or Less — An Overview: A HuGE Review.
Am. J. Epidemiol. 2010; 172: 869-889. doi:10.1093/aje/kwq234
THORISSON GA, SMITH AV, KRISHNAN L, STEIN LD. The
International HapMap Project Web site. Genome Res. 2005;
15:1592-1593.

PEARCE CL, WU AH, GAYTHER SA, BALE AE, BECK P et
al. Progesterone receptor variation and risk of ovarian cancer
is limited to the invasive endometrioid subtype: results from
the ovarian cancer association consortium pooled analysis.
Br. J. Cancer 2008; 98: 282-288. d0i:10.1038/s].bjc.6604170
GOODE LL, CHENEVIX-TRENCH G, SONG H, RAMUS
SJ, NOTARIDOU M et al. A genome-wide association study
identifies susceptibility loci for ovarian cancer at 2q31 and
8q24. Nat. Genet. 2010; 42: 874-879. d0i:10.1038/ng.668
RAMUS §J, VIERKANT RA, JOHNATTY SE, PIKE MC,
VAN DEN BERG DJ et al. Consortium analysis of 7 candidate
SNPs for ovarian cancer Int. J. Cancer 2008; 123: 380-388.
doi:10.1002/ijc.23448

FASCHING PA, GAYTHER S, PEARCE L, SCHILDKRAUT
JM, GOODE E et al. Role of genetic polymorphisms and
ovarian cancer susceptibility. Mol. Oncol. 2009; 3: 171-181.
doi:10.1016/j.molonc.2009.01.008

LUBORSKY JL, BARUA A, SHATAVI SV, KEBEDE T,
ABRAMOWICZ J et al. Anti-tumor antibodies in ovarian
cancer. Am. J. Reprod. Immunol. 2005; 54: 55-62. doi:10.1111/
j.1600-0897.2005.00287 x

BARUA A, BRADARIC M], KEBEDE T, ESPIONOSA
S, EDASSERY SL et al. Anti-tumor and anti-ovarian



http://dx.doi.org/10.1007/s00018-010-0420-9
http://dx.doi.org/10.1007/s00018-010-0420-9
http://dx.doi.org/10.4161/cbt.11.8.14967
http://dx.doi.org/10.1002/humu.20599
http://dx.doi.org/10.1016/j.molonc.2009.02.001
http://dx.doi.org/10.1006/gyno.1999.5623
http://dx.doi.org/10.1111/j.1349-7006.2009.01282.x
http://dx.doi.org/10.1111/j.1349-7006.2009.01282.x
http://dx.doi.org/10.1002/ijc.24684
http://dx.doi.org/10.1002/ijc.24684
http://dx.doi.org/10.1002/path.2217
http://dx.doi.org/10.1002/path.2217
http://dx.doi.org/10.1002/gcc.20128
http://dx.doi.org/10.1006/geno.2000.6357
http://dx.doi.org/10.1002/ijc.20339
http://dx.doi.org/10.1002/gcc.20180
http://dx.doi.org/10.1002/ajmg.10695
http://dx.doi.org/10.1002/ajmg.10695
http://dx.doi.org/10.1186/1755-8794-2-21
http://dx.doi.org/10.1093/aje/kwq234
http://dx.doi.org/10.1038/sj.bjc.6604170
http://dx.doi.org/10.1038/ng.668
http://dx.doi.org/10.1002/ijc.23448
http://dx.doi.org/10.1016/j.molonc.2009.01.008
http://dx.doi.org/10.1111/j.1600-0897.2005.00287.x
http://dx.doi.org/10.1111/j.1600-0897.2005.00287.x

466

L. ZAVESKY, N. JANCARKOVA, M. KOHOUTOVA

(83]

autoantibodies in women with ovarian cancer. Am. J.
Reprod. Immunol. 2007; 57: 243-249. d0i:10.1111/§.1600-
0897.2007.00470.x

NARASIMHAN K, CHANGQING Z, CHOOLANI M.
Ovarian cancer proteomics: Many technologies one goal.
Proteomics: Clin. Appl. 2008; 2: 195-218. d0i:10.1002/
prca.200780003

SIMON [, LIU Y, KRALL KL, URBAN N, WOLFERT RL et
al. Evaluation of the novel serum markers B7-H4, Spondin
2, and DcR3 for diagnosis and early detection of ovarian
cancer. Gynecol. Oncol. 2007; 106: 112-118. do0i:10.1016/
J-ygyno.2007.03.007

HUDSON ME, POZDNYAKOVA I, HAINES K, MOR G,
SNYDER M. Identification of differentially expressed proteins
in ovarian cancer using high-density protein microarrays.
Proc. Natl. Acad. Sci. U. S. A. 2007; 104: 17494-17499.
doi:10.1073/pnas.0708572104

YOSHIDA S, FURUKAWA N, HARUTA S, TANASE Y, KA-
NAYAMA S et al. Expression Profiles of Genes Involved in
Poor Prognosis of Epithelial Ovarian Carcinoma A Review.
Int. J. Gynecol. Cancer 2009; 19: 992-997. d0i:10.1111/
IGC.0b013e3181aaa93a

BIRCH AH, QUINN MC]J, FILALI-MOUHIM A, PRO-
VENCHER DM, MES-MASSON AM et al. Transcriptome
analysis of serous ovarian cancers identifies differentially
expressed chromosome 3 genes. Mol. Carcinog. 2008; 47:
56-65. d0i:10.1002/mc.20361

FEHRMANN RSN, LI XY, VAN DER ZEE AG]J, DE JONG
S, MEERMAN GJT et al. Profiling studies in ovarian
cancer: A review. Oncologist 2007; 12: 960-966. d0i:10.1634/
theoncologist.12-8-960

SABATIER R, FINETTI P, CERVERA N, BIRNBAUM D,
BERTUCCI E Gene expression profiling and prediction of
clinical outcome in ovarian cancer. Crit. Rev. Oncol. Hemat.
2009; 72: 98-109. doi:10.1016/j.critrevonc.2009.01.007
MAIER T, GUELL M, SERRANO L. Correlation of mRNA
and protein in complex biological samples. FEBS Lett. 2009;
583: 3966-3973. doi:10.1016/].febslet.2009.10.036

BAST RC, BADGWELL D, LU Z, MARQUEZ R, ROSEN
D et al. New tumor markers: CA125 and beyond. Int. J.
Gynecol. Cancer 2005; 15: 274-281. doi:10.1111/j.1525-
1438.2005.00441.x

CARTHEW RW, SONTHEIMER E]J. Origins and Mechanisms
of miRNAs and siRNAs. Cell 2009; 136: 642-655. d0i:10.1016/
j.cell.2009.01.035

LAGOS-QUINTANA M, RAUHUT R, LENDECKEL W,
TUSCHL T. Identification of novel genes coding for small
expressed RNAs. Science 2001; 294: 853-858. d0i:10.1126/
science.1064921

CALIN GA, CROCE CM. MicroRNA signatures in human
cancers. Nat. Rev. Cancer 2006; 6: 857-866.

BARTEL DP. MicroRNAs: Genomics, biogenesis, mechanism,
and function. Cell 2004; 116: 281-297. d0i:10.1016/S0092-
8674(04)00045-5

WANG D, QIU CX, ZHANG H]J, WANG JA, CUI QH et al.
Human microRNA Oncogenes and Tumor Suppressors Show
Significantly Different Biological Patterns: From Functions

(98]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

to Targets. PloS One 2010; 5: €13067. doi:10.1371/journal.
pone.0013067

ZHANG BH, PAN XP, COBB GP, ANDERSON TA. micro-
RNAs as oncogenes and tumor suppressors. Dev. Biol. 2007;
302: 1-12.

RUAN K, FANG XG, OUYANG GL. MicroRNAs: Novel
regulators in the hallmarks of human cancer. Cancer Lett.
2009; 285: 116-126. d0i:10.1016/j.canlet.2009.04.031
HUMMEL R, HUSSEY DJ, HAIER J. MicroRNAs: Predic-
tors and modifiers of chemo- and radiotherapy in different
tumour types. Eur. J. Cancer 2010; 46: 298-311. d0i:10.1016/
j.€jca.2009.10.027

IORIO MV, VISONE R, DILEVA G, DONATI V, PETROCCA
F etal. MicroRNA signatures in human ovarian cancer. Cancer
Res. 2007; 67: 8699-8707. doi:10.1158/0008-5472.CAN-07-
1936

IORIO MV, FERRACIN M, LIU CG, VERONESE A, SPIZZO
R et al. MicroRNA gene expression deregulation in human
breast cancer. Cancer Res. 2005; 65: 7065-7070. d0i:10.1158/
0008-5472.CAN-05-1783

MURAKAMI Y, YASUDA T, SAIGO K, URASHIMA
T, TOYODA H et al. Comprehensive analysis of micro-
RNA expression patterns in hepatocellular carcinoma and
non-tumorous tissues. Oncogene 2006; 25: 2537-2545.
doi:10.1038/sj.onc.1209283

LAIOS A, OTOOLE S, FLAVIN R, MARTIN C, KELLY L et
al. Potential role of miR-9 and miR-223 in recurrent ovarian
cancer. Mol. Cancer 2008; 7: 35. d0i:10.1186/1476-4598-7-
35

RESNICK KE, ALDER H, HAGAN JP, RICHARDSON DL,
CROCE CM et al. The detection of differentially expressed
microRNAs from the serum of ovarian cancer patients using
a novel real-time PCR platform. Gynecol. Oncol. 2009; 112:
55-59. d0i:10.1016/j.ygyno.2008.08.036

WYMAN SK, PARKIN RK, MITCHELL PS, FRITZ BR,
OBRIANT K et al. Repertoire of microRNAs in Epithelial
Ovarian Cancer as Determined by Next Generation Sequenc-
ing of Small RNA ¢DNA Libraries. Plos One 2009; 4: e5311.
doi:10.1371/journal.pone.0005311

LOU YH, YANG XS, WANG FL, CUI ZM, HUANG Y.
MicroRNA-21 promotes the cell proliferation, invasion and
migration abilities in ovarian epithelial carcinomas through
inhibiting the expression of PTEN protein. Int. J. Mol. Med.
2010; 26: 819-827.

MERRITT WM, LIN YG, HAN LY, KAMAT AA, SPAN-
NUTH WA et al. Dicer, Drosha, and Outcomes in Patients
with Ovarian Cancer. N. Engl. J. Med. 2008; 359: 2641-2650.
d0i:10.1056/NETM0a0803785

PAMPALAKIS G, DIAMANDIS EP, KATSAROS D, SOTI-
ROPOULOU G. Down-regulation of dicer expression in
ovarian cancer tissues. Clin. Biochem. 2010; 43: 324-327.
d0i:10.1016/j.clinbiochem.2009.09.014

DILEVA G. AND CROCE CM. Roles of small RNAs in tumor
formation. Trends Mol. Med. 2010; 16: 257-267. doi:10.1016/
j.molmed.2010.04.001

DAHIYA N, SHERMAN-BAUST CA, WANG TL, DAVIDSON
B, SHIH IM et al. MicroRNA Expression and Identification of



http://dx.doi.org/10.1111/j.1600-0897.2007.00470.x
http://dx.doi.org/10.1111/j.1600-0897.2007.00470.x
http://dx.doi.org/10.1002/prca.200780003
http://dx.doi.org/10.1002/prca.200780003
http://dx.doi.org/10.1016/j.ygyno.2007.03.007
http://dx.doi.org/10.1016/j.ygyno.2007.03.007
http://dx.doi.org/10.1073/pnas.0708572104
http://dx.doi.org/10.1111/IGC.0b013e3181aaa93a
http://dx.doi.org/10.1111/IGC.0b013e3181aaa93a
http://dx.doi.org/10.1002/mc.20361
http://dx.doi.org/10.1634/theoncologist.12-8-960
http://dx.doi.org/10.1634/theoncologist.12-8-960
http://dx.doi.org/10.1016/j.critrevonc.2009.01.007
http://dx.doi.org/10.1016/j.febslet.2009.10.036
http://dx.doi.org/10.1111/j.1525-1438.2005.00441.x
http://dx.doi.org/10.1111/j.1525-1438.2005.00441.x
http://dx.doi.org/10.1016/j.cell.2009.01.035
http://dx.doi.org/10.1016/j.cell.2009.01.035
http://dx.doi.org/10.1126/science.1064921
http://dx.doi.org/10.1126/science.1064921
http://dx.doi.org/10.1016/S0092-8674%2804%2900045-5
http://dx.doi.org/10.1016/S0092-8674%2804%2900045-5
http://dx.doi.org/10.1371/journal.pone.0013067
http://dx.doi.org/10.1371/journal.pone.0013067
http://dx.doi.org/10.1016/j.canlet.2009.04.031
http://dx.doi.org/10.1016/j.ejca.2009.10.027
http://dx.doi.org/10.1016/j.ejca.2009.10.027
http://dx.doi.org/10.1158/0008-5472.CAN-07-1936
http://dx.doi.org/10.1158/0008-5472.CAN-07-1936
http://dx.doi.org/10.1158/0008-5472.CAN-05-1783
http://dx.doi.org/10.1158/0008-5472.CAN-05-1783
http://dx.doi.org/10.1038/sj.onc.1209283
http://dx.doi.org/10.1186/1476-4598-7-35
http://dx.doi.org/10.1186/1476-4598-7-35
http://dx.doi.org/10.1016/j.ygyno.2008.08.036
http://dx.doi.org/10.1371/journal.pone.0005311
http://dx.doi.org/10.1056/NEJMoa0803785
http://dx.doi.org/10.1016/j.clinbiochem.2009.09.014
http://dx.doi.org/10.1016/j.molmed.2010.04.001
http://dx.doi.org/10.1016/j.molmed.2010.04.001

OVARIAN CANCER: ORIGIN AND FACTORS IN CARCINOGENESIS

467

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Putative miRNA Targets in Ovarian Cancer. Plos One 2008;
3: €2436. doi:10.1371/journal.pone.0002436

YANG H, KONG W, HE L, ZHAO JJ, ODONNELL JD et al.
MicroRNA expression profiling in human ovarian cancer:
miR-214 induces cell survival and cisplatin resistance by
targeting PTEN. Cancer Res. 2008; 68: 425-433. d0i:10.1158/
0008-5472.CAN-07-2488

VAN JAARSVELD MTM, HELLEMAN ], BERNS EM]J,
WIEMER EAC. MicroRNAs in ovarian cancer biology and
therapy resistance. Int. J. Biochem. Cell Biol. 2010; 42: 1282-
1290. doi:10.1016/j.biocel.2010.01.014

DE CACERESII, BATTAGLI C, ESTELLER M, HERMAN ]G,
DULAIMIE et al. Tumor cell-specific BRCA1 and RASSF1A
hypermethylation in serum, plasma, and peritoneal fluid from
ovarian cancer patients. Cancer Res. 2004; 64: 6476-6481.
d0i:10.1158/0008-5472.CAN-04-1529

RAMAN V, MARTENSEN SA, REISMAN D, EVRON E,
ODENWALD WFE et al. Compromised HOXA5 function can
limit p53 expression in human breast tumours. Nature 2000;
405: 974-978. d0i:10.1038/35016125

DU HL, TAYLOR HS. Molecular regulation of Mulle-
rian development by Hox genes. Ann. N.Y. Acad. Sci. 2004;
1034:152-165. doi:10.1196/annals.1335.018

WU Q, LOTHE RA, AHLQUIST T, SILINS I, TROPE CG
et al. DNA methylation profiling of ovarian carcinomas and
their in vitro models identifies HOXA9, HOXB5, SCGB3Al,
and CRABP1 as novel targets. Mol. Cancer 2007; 6: 45.
doi:10.1186/1476-4598-6-45

FIEGL H, WINDBICHLER G, MUELLER-HOLZNER E,
GOEBEL G, LECHNER M et al. HOXA11 DNA methyla-
tion — A novel prognostic biomarker in ovarian cancer. Int. J.
Cancer 2008; 123: 725-729. d0i:10.1002/ijc.23563
WIDSCHWENDTER M, APOSTOLIDOU S, JONES AA,
FOURKALA EO, ARORA R et al. HOX A methylation in nor-
mal endometrium from premenopausal women is associated
with the presence of ovarian cancer: A proof of principle study.
Int. J. Cancer 2009; 125: 2214-2218. d0i:10.1002/ijc.24599
MELNIKOV A, SCHOLTENS D, GODWIN A, LEVENSON V.
Differential Methylation Profile of Ovarian Cancer in Tissues
and Plasma. J. Mol. Diagn. 2009; 11: 60-65. d0i:10.2353/
jmoldx.2009.080072

HOUSHDARAN S, HAWLEY S, PALMER C, CAMPAN
M, OLSEN MN et al. DNA Methylation Profiles of Ovarian
Epithelial Carcinoma Tumors and Cell Lines. Plos One 2010;
5:€9359. doi:10.1371/journal.pone.0009359

GATES MA, ROSNER BA, HECHT JL, TWOROGER SS. Risk
Factors for Epithelial Ovarian Cancer by Histologic Subtype.
Am. J. Epidemiol. 2010; 171: 45-53. d0i:10.1093/aje/kwp314
IDAHL A, LUNDIN E, ELGH F, JURSTRAND M, MOLLER
JK et al. Chlamydia trachomatis, Mycoplasma genitalium,
Neisseria gonorrhoeae, human papillomavirus, and polyo-

mavirus are not detectable in human tissue with epithelial
ovarian cancer, borderline tumor, or benign conditions. Am.
J. Obstet. Gynecol. 2010; 202: 71.e1-6.

WILCZYNSKI JR, DUECHLER M. How do Tumors Actively
Escape from Host Immunosurveillance? Arch. Immunol. Ther.
Exp. 2010; 58: 435-448. d0i:10.1007/s00005-010-0102-1

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

YU ZY, THEORET MR, TOULOUKIAN CE, SURMAN DR,
GARMAN SC et al. Poor immunogenicity of a self/tumor
antigen derives from peptide-MHC-I instability and is inde-
pendent of tolerance. J. Clin. Invest. 2004; 114: 551-559.
CLOOSEN S, ARNOLD J, THIO M, BOS GM]J, KYEWSKI B
etal. Expression of tumor-associated differentiation antigens,
MUCI glycoforms and CEA, in human thymic epithelial cells:
Implications for self-tolerance and tumor therapy. Cancer Res.
2007; 67: 3919-3926. d0i:10.1158/0008-5472.CAN-06-2112
AL-ATTAR A, SHEHATA M, DURRANT L, MOSELEY P,
DEEN S ET AL. T Cell Density and Location Can Influence
the Prognosis of Ovarian Cancer Pathol. Oncol. Res. 2010; 16:
361-370. d0i:10.1007/s12253-009-9230-5

ZHANGL, CONEJO-GARCIA JR,KATSAROS D, GIMOTTY
PA,MASSOBRIO M et al. Intratumoral T cells, recurrence, and
survival in epithelial ovarian cancer. N. Engl. J. Med. 2003;
348:203-213. doi:10.1056/NEJM0a020177

RABINOWICH H, REICHERT TE, KASHII Y, GASTMAN
BR, BELL MC et al. Lymphocyte apoptosis induced by Fas
ligand- expressing ovarian carcinoma cells. Implications
for altered expression of T cell receptor in tumor-associ-
ated lymphocytes. J. Clin. Invest. 1998; 101: 2579-2588.
doi:10.1172/JCI1518

SMITH RA, COKKINIDES V, BROOKS D, SASLOW D,
SHAH M et al. Cancer Screening in the United States, 2011
A Review of Current American Cancer Society Guidelines
and Issues in Cancer Screening. Ca-Cancer J. Clin. 2011; 61:
8-30. doi:10.3322/caac.20096

SKATES §J, XU FJ, YU YH, SJOVALL K, EINHORN N et al.
An Optimal Algorithm for Screening for Ovarian-Cancer with
Longitudinal Tumor-Markers. Cancer 1995; 75: 2637-2638.
TERRY KL, SLUSS PM, SKATES §J, MOK SC, YE B et al.
Blood and urine markers for ovarian cancer: A comprehensive
review. Dis. Markers 2004; 20: 53-70.

HUSSEINZADEH N. Status of tumor markers in
epithelial ovarian cancer has there been any progress?
A review. Gynecol. Oncol. 2011; 120: 152-157. d0i:10.1016/
J.ygyno.2010.09.002

FREEDMAN OC, DODGE ], SHAW P, OZA AM, BER-
NADINI M et al. Diagnosis of epithelial ovarian carcinoma
prior to neoadjuvant chemotherapy. Gynecol. Oncol. 2010;
119: 22-25. d0i:10.1016/j.ygyno.2010.06.002
VANDERBURG MEL, VANLENT M, BUYSE M, KOBIER-
SKA A, COLOMBO N et al. The Effect of Debulking Surgery
After Induction Chemotherapy on the Prognosis in Advanced
Epithelial Ovarian-Cancer. N. Engl. J. Med. 1995; 332: 629-
634. doi:10.1056/NEJM199503093321002

HARRIES M, GORE M. Part I: Chemotherapy for epithelial
ovarian cancer — treatment at first diagnosis. Lancet Oncol.
2002; 3: 529-536. d0i:10.1016/S1470-2045(02)00846-X
CANNISTRA SA. Cancer of the ovary. N. Engl. J. Med. 2004;
351:2519-2529. d0i:10.1056/NE]Mra041842

FORSTNER R, SALA E, KINKEL K, SPENCER JA. ESUR
guidelines: ovarian cancer staging and follow-up. Eur. J. Ra-
diol. 2010; 20: 2773-2780. d0i:10.1007/s00330-010-1886-4
FLAVIN RJ, SMYTH PC, FINN SP, LAIOS A, O'TOOLE SA
et al. Altered eIF6 and Dicer expression is associated with



http://dx.doi.org/10.1371/journal.pone.0002436
http://dx.doi.org/10.1158/0008-5472.CAN-07-2488
http://dx.doi.org/10.1158/0008-5472.CAN-07-2488
http://dx.doi.org/10.1016/j.biocel.2010.01.014
http://dx.doi.org/10.1158/0008-5472.CAN-04-1529
http://dx.doi.org/10.1038/35016125
http://dx.doi.org/10.1196/annals.1335.018
http://dx.doi.org/10.1186/1476-4598-6-45
http://dx.doi.org/10.1002/ijc.23563
http://dx.doi.org/10.1002/ijc.24599
http://dx.doi.org/10.2353/jmoldx.2009.080072
http://dx.doi.org/10.2353/jmoldx.2009.080072
http://dx.doi.org/10.1371/journal.pone.0009359
http://dx.doi.org/10.1093/aje/kwp314
http://dx.doi.org/10.1007/s00005-010-0102-1
http://dx.doi.org/10.1158/0008-5472.CAN-06-2112
http://dx.doi.org/10.1007/s12253-009-9230-5
http://dx.doi.org/10.1056/NEJMoa020177
http://dx.doi.org/10.1172/JCI1518
http://dx.doi.org/10.3322/caac.20096
http://dx.doi.org/10.1016/j.ygyno.2010.09.002
http://dx.doi.org/10.1016/j.ygyno.2010.09.002
http://dx.doi.org/10.1016/j.ygyno.2010.06.002
http://dx.doi.org/10.1056/NEJM199503093321002
http://dx.doi.org/10.1016/S1470-2045%2802%2900846-X
http://dx.doi.org/10.1056/NEJMra041842
http://dx.doi.org/10.1007/s00330-010-1886-4

468

L. ZAVESKY, N. JANCARKOVA, M. KOHOUTOVA

[135]

[136]

[137]

[138]

[139]

[140]

[141]

clinicopathological features in ovarian serous carcinoma
patients. Mod. Pathol. 2008; 21: 676-684. d0i:10.1038/
modpathol.2008.33

MERRITT WM, LIN YG, HAN LY, KAMAT AA, SPAN-
NUTH WA et al. Dicer, Drosha, and Outcomes in Patients
with Ovarian Cancer. N. Engl. J. Med. 2008; 359: 2641-2650.
doi:10.1056/NE]M0a0803785

NAM EJ, YOON HJ, KIM SW, KIM HG, KIM YT et al.
MicroRNA expression profiles in serous ovarian carcinoma.
Clin. Cancer Res. 2008; 14: 2690-2695. d0i:10.1158/1078-0432.
CCR-07-1731

VISWANATHAN SR, DALEY GQ, GREGORY RI. Selective
blockade of MicroRNA processing by Lin28. Science 2008;
320: 97-100. doi:10.1126/science.1154040

LU LG, KATSAROS D, SHAVERDASHVILI K, QIAN BY, WU
YX et al. Pluripotent factor lin-28 and its homologue lin-28b
in epithelial ovarian cancer and their associations with disease
outcomes and expression of let-7a and IGF-II. Eur. J. Cancer
2009; 45: 2212-2218. doi:10.1016/j.€jca.2009.05.003

KIM TH, KIM YK, KWON'Y, HEO JH, KANG H et al. Deregu-
lation of miR-519a, 153, and 485-5p and its clinicopathological
relevance in ovarian epithelial tumours. Histopathology 2010;
57:734-743. d0i:10.1111/j.1365-2559.2010.03686.x

PENG CJ, ZHANG XL, YU HL, WU DL, ZHENG JH.
Wnt5a as a Predictor in Poor Clinical Outcome of Pa-
tients and a Mediator in Chemoresistance of Ovarian
Cancer. Int. J. Gynecol. Cancer 2011; 21: 280-288. d0i:10.1097/
IGC.0b013e31820aaadb

NAKAYAMA K, RAHMAN MT, RAHMAN M, YEASMIN S,
ISHIKAWA M et al. Biological role and prognostic significance

[142]

[143]

[144]

[145]

[146]

[147]

of NACI1 in ovarian cancer. Gynecol. Oncol. 2010; 119: 469-
478. doi:10.1016/j.ygyno.2010.08.031

ZHANG XL, PENG C]J, PENG J, JIANG LY, NING XM et al.
Prognostic role of Wnt7a expression in ovarian carcinoma
patients. Neoplasma 2010; 57: 545-551. doi:10.4149/neo
2010 _06_545

SKIRNISDOTTIR IA, SORBE B, LINDBORG K, SEIDAL
T. Prognostic Impact of p53, p27, and C-MYC on Clinico-
pathological Features and Outcome in Early-Stage (FIGO
I-1I) Epithelial Ovarian Cancer. Int. J. Gynecol. Cancer 2011;
21: 236-244. doi:10.1097/IGC.0b013e31820986e5

MILNE K, KOBEL M, KALLOGER SE, BARNES RO, GAO
DX et al. Systematic Analysis of Immune Infiltrates in High-
Grade Serous Ovarian Cancer Reveals CD20, FoxP3 and
TIA-1 as Positive Prognostic Factors. Plos One 2009; 4: e6412.
doi:10.1371/journal.pone.0006412

RASPOLLINI MR, CASTIGLIONE F, DEGLINNOCENTI
DR, AMUNNIG, VILLANUCCI A et al. Tumour-infiltrating
gamma/delta T-lymphocytes are correlated with a brief dis-
ease-free interval in advanced ovarian serous carcinoma. Ann.
Oncol. 2005; 16: 590-596. d0i:10.1093/annonc/mdil12
WOLF D, WOLF AM, RUMPOLD H, FIEGL H, ZEIMET
AG et al. The expression of the regulatory T cell-specific
forkhead box transcription factor FoxP3 is associated with
poor prognosis in ovarian cancer. Clin. Cancer Res. 2005; 11:
8326-8331. d0i:10.1158/1078-0432.CCR-05-1244

HELAL TE, ALLA AEK, LABAN MA, FAHMY RM. Im-
munophenotyping of tumor-infiltrating mononuclear cells
in ovarian carcinoma. Pathol. Oncol. Res. 2004; 10: 80-84.
d0i:10.1007/BF02893460



http://dx.doi.org/10.1038/modpathol.2008.33
http://dx.doi.org/10.1038/modpathol.2008.33
http://dx.doi.org/10.1056/NEJMoa0803785
http://dx.doi.org/10.1158/1078-0432.CCR-07-1731
http://dx.doi.org/10.1158/1078-0432.CCR-07-1731
http://dx.doi.org/10.1126/science.1154040
http://dx.doi.org/10.1016/j.ejca.2009.05.003
http://dx.doi.org/10.1111/j.1365-2559.2010.03686.x
http://dx.doi.org/10.1097/IGC.0b013e31820aaadb
http://dx.doi.org/10.1097/IGC.0b013e31820aaadb
http://dx.doi.org/10.1016/j.ygyno.2010.08.031
http://dx.doi.org/10.4149/neo_2010_06_545
http://dx.doi.org/10.4149/neo_2010_06_545
http://dx.doi.org/10.1097/IGC.0b013e31820986e5
http://dx.doi.org/10.1371/journal.pone.0006412
http://dx.doi.org/10.1093/annonc/mdi112
http://dx.doi.org/10.1158/1078-0432.CCR-05-1244
http://dx.doi.org/10.1007/BF02893460

