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Abstract: Ovarian cancer remains the most lethal gynecological malignancy due to the lack of highly sensitive and
specific screening tools for detection of early-stage disease. The OSE provides the progenitor cells for 90% of
human ovarian cancers. Recent morphologic, immunohistochemical and molecular genetic studies have led to the
development of a new paradigm for the pathogenesis and origin of epithelial ovarian cancer (EOC) based on a
dualistic model of carcinogenesis that divides EOC into two broad categories designated Types I and II which are
characterized by specific mutations, including KRAS, BRAF, ERBB2, CTNNB1, PTEN PIK3CA, ARID1A, and
PPPR1A, which target specific cell signaling pathways. Type 1 tumors rarely harbor TP53. type I tumors are
relatively genetically stable and typically display a variety of somatic sequence mutations that include KRAS, BRAF,
PTEN, PIK3CA CTNNB1 (the gene encoding beta catenin), ARID1A and PPP2R1A but very rarely TP53 . The
cancer stem cell (CSC) hypothesis postulates that the tumorigenic potential of CSCs is confined to a very small
subset of tumor cells and is defined by their ability to self-renew and differentiate leading to the formation of a
tumor mass. Potential protein biomarker miRNA, are promising biomarkers as they are remarkably stable to allow
isolation and analysis from tissues and from blood in which they can be found as free circulating nucleic acids and
in mononuclear cells. Recently, genomic anaylsis have identified biomarkers and potential therapeutic targets for
ovarian cancer namely, FGF18 which plays an active role in controlling migration, invasion, and tumorigenicity of
ovarian cancer cells through NF-κB activation, which increased the production of oncogenic cytokines and
chemokines. This review summarizes update information on epithelial ovarian cancers and point out to the most
recent ongoing research.
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is lost early in development [5]. CA125 is, however,
expressed in tumorigenic OSE suggesting that the
original coelomic characteristic has been retained by
OSE but is only expressed under pathological
conditions [6]. OSE is believed to be the source of at
least some of the ovarian granulosa cells [7; 8].
The OSE is important in maintaining the
health and structure of the ovary, it occupies the entire
ovarian lining, and varies in morphology from simple
squamous to cuboidal to low pseudo stratified
columnar [9]. OSE cells are held together by zona
occludens along their lateral surfaces. Several typical
proteins are produced by OSE cells which are different
from the other extraovarian epithelia [9]. E-cadherin
(epithelial) is a typical calcium-dependent adhesion
protein produced in resting surface epithelia of oviduct,
endometrium, endocervix and the ovary of mouse and
porcine species [10;11] while, it is N-cadherin (neural)
that is found in human OSE cells and the granulosa cell
lining of the growing follicles [12;13]. It is believed
that when surface epithelial cells undergo
transformation into a columnar shape due to

Introduction
Ovarian Surface Epithelium (OSE) is a
complete layer of epithelial cells covered the
mammalian ovary and adapt to the cyclical changes
that occur within the ovary before and after ovulation
[1]. The OSE layer is separated from the underlying
structure by a basement membrane and underneath is
the tunica albugenea. Abnormal changes in the OSE
can result in ovarian cancer (OC) which is the fifth
most common cancer in women [2]. Despite its clinical
relevance there is still little known about the features of
OSE cells and how they respond to local ovarian
factors and cyclical changes. OSE cells are generated
from the mesodermally derived epithelial lining of the
intra-embryonic coelom. The OSE has characteristic
differences from other epithelia, for example
expression of Cancer Antigen 125 (CA125), a surface
glycoprotein of unknown function, in the adult is
localized in the oviductal, endometrial and
endocervical epithelium and some extraovarian
epithelia, but not in the OSE [3 ;4]. Therefore, either
OSE has never acquired this differentiation marker or it
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metaplastic or neoplastic differentiation, particularly in
inclusion cysts and crypts, the E-cadherin starts to coexpress along with N-cadherin [14; 15]. Another form
of adhesion protein, P-cadherin (placental) is also
typical of Müllerian origin epithelia, but is absent in
resting OSE, and occasionally expresses in
adenocarcinoma cell lines derived from cancerous OSE
cells. Thus, it appears that E-/P-cadherins are induced
during OSE neoplasia [16; 17].
The dynamic nature of the OSE morphology
and its lack of tissue-specific markers make it almost
inconspicuous [18]. Nonetheless, the OSE is
responsible for nutrient transport and postovulatory
epithelial wound repair [19]. Despite performing its
important endocrine and reproductive functions, the
OSE provides the progenitor cells for 90% of human
ovarian cancers [20]. Ovarian cancer ranks first among
the cause of death from a gynecological malignancy
and accounts for more than 3% of cancer related deaths
in women.
Despite their inconspicuous appearance, OSE
participates in transporting and exchanging nutrients
and other bioactive metabolites from the peritoneal
cavity and ovary. At pre-ovulation, OSE in proximity
to rupture site undergoes apoptotic cell death and the
wound caused by ovulation is repaired by highly
proliferating OSE cells from surroundings of the
ruptured follicle [21]. OSE cell proliferation also
occurs at post-ovulatory phase especially in postmenopausal woman when due to ageing of ovary;
epithelial line invaginates, producing crypts and glands,
which eventually develop into cysts within the stromal
compartment [22]. Although mostly benign, these cysts
can turn malignant and initiate epithelial cancerous
growth. It has been hypothesized that repeated cycles
of ovulation-induced trauma and repair of the OSE at
the site of ovulation contributes to malignancy, it
makes the OSE susceptible to mitogenic factors and
other genotoxic radicals. There are several studies that
suggested that menstrual cycle can affect tumor growth
through the high levels of reproductive hormones [23].
Chronic repeated ovulation without pregnancy-induced
rest periods contributes to neoplasia of the ovarian
epithelium [24]. The ovarian surface epithelium—a
single-cell layer surrounding the ovary and derived
from the same mesodermal celomic epithelium as that
lining the peritoneal cavity and other Müllerian
structures undergoes rapid proliferation during 24
hours after ovulation, and that invaginations of the
epithelium to form clefts and inclusion cysts within the
ovarian stroma are most pronounced just after
ovulation [24].
The OSE revealed estrogen receptor α (ERα)
and progesterone receptor (PR) during pregnancy and
estrous cycle in rat [25]. Immunohistochemistry of the
ovary showed low levels of OSE cells staining positive

for ERα expression. ERα positive cells were absent on
day 7 and 14 of pregnancy, only day 21 recorded a very
low percentage of immunostaining (0.5%) within the
nuclei of OSE cells. On the contrary, immunostaining
of PR receptors was not observed within the nuclei of
OSE cells in all groups of study. The study suggested
that understanding the
factors affecting OSE
proliferation may help elucidating the mechanism(s) of
assisted diseases such as ovarian cancer [25]. Several
studies revealed that gonadotropins treatment may
increase OSE proliferation in different animal models
[26; 27].
The effects of follicular and luteal products on
the proliferation of sheep OSE cells in culture, and to
analyse the influences of large antral follicles and
corpora lutea (CL) on the expression of gonadotrophin
receptors (FSHR and LHR) in the OSE was
investigated. [28].The study showed that follicular
fluids from medium and large follicles, and extracts of
corpora lutea stimulated the growth of OSE cells. OSE
proliferation in cycling sheep is associated with
underlying developing follicles and CL, mediated by,
at least in part, the up-regulation of gonadotrophin
receptors, and facilitated by the action of mitogenic
glycopeptides and growth factors, but not steroids [28].
The relationship between progesterone (also
oestrogen)-mediated OSE apoptosis and expression of
p53, a cell-cycle arresting protein and potential tumor
suppressor was described [29]. Immunohistochemical
staining with cytokeratin confirmed epithelial nature of
the cells in the OSE layer and inclusion cysts that
invaginate inside stroma after ovulation takes place.
The in situ apoptosis index was determined during
estrus, and at mid and late-pregnancy stages in heifers.
Epithelia of both tissues exhibited significantly high
nuclear staining, suggesting that these cells are aiming
to apoptotic destruction. The study concluded that
progesterone during cycling and pregnancy may reduce
the risk of developing ovarian cancer by ceasing cell
cycle and diverting damaged and mutagenized OSE
cells for apoptosis, and the process may be mediated
through elevated p53 synthesis. However, it is also
possible that progesterone and p53-induced apoptosis
may be entirely different cancer suppressive actions but
coincidently happening together [29].
Epithelial Ovarian Cancer (EOC)
Recent morphologic, immunohistochemical
and molecular genetic studies have led to the
development of a new paradigm for the pathogenesis
and origin of epithelial ovarian cancer (EOC) based on
a dualistic model of carcinogenesis that divides EOC
into two broad categories designated Types I and II.
Type I tumors are comprised of low-grade serous, lowgrade endometrioid, clear cell and mucinous
carcinomas and Brenner tumors. They are generally
indolent, present in stage I (tumor confined to the
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ovary) and are characterized by specific mutations,
including KRAS, BRAF, ERBB2, CTNNB1, PTEN
PIK3CA, ARID1A, and PPPR1A, which target specific
cell signaling pathways. Type I tumors rarely harbor
TP53 and are relatively stable genetically. Type II
tumors are comprised of high-grade serous, high-grade
endometrioid, malignant mixed mesodermal tumors
(carcinosarcomas) and undifferentiated carcinomas.
They are aggressive, present in advanced stage, and
have a very high frequency of TP53 mutations but
rarely harbor the mutations detected in type I tumors
[30].
Recent studies strongly suggest that fallopian
tube epithelium (benign or malignant) that implants on
the ovary is the source of low-grade and high-grade
serous carcinoma rather than the ovarian surface
epithelium as previously believed. Similarly, it is
widely accepted that endometriosis is the precursor of
endometrioid and clear cell carcinomas and as
endometriosis is thought to develop from retrograde
menstruation these tumors can also be regarded as
involving the ovary secondarily. Type I and type II
ovarian tumors develop independently along different
molecular pathways, and that both types develop
outside the ovary and involve it secondarily. If this
concept is confirmed it leads to the conclusion that the
only true primary ovarian neoplasms are gonadal
stromal and germ cell tumors analogous to testicular
tumors. This new paradigm of ovarian carcinogenesis
has important clinical implications. By shifting the
early events of ovarian carcinogenesis to the Fallopian
tube and endometrium instead of the ovary, prevention
approaches, for example, salpingectomy with ovarian
conservation may play an important role in reducing
the burden of ovarian cancer while preserving
hormonal function and fertility [30].
Molecular Pathogenesis of Epithelial Ovarian
Carcinoma
The introduction of the “borderline (low
malignant potential)” category was an important step in
refining the morphologic classification of EOC by
identifying a group of tumors, defined as lacking
destructive invasive growth that had a significantly
better outcome than the invasive carcinomas. Since it
was rare to find a borderline tumor coexisting with an
invasive carcinoma it was generally believed that they
were unrelated. In 1996 a relationship between serous
borderline tumor (SBT) and invasive serous carcinoma
was described based on the subdivision of SBT into
two groups. One group designated “atypical
proliferative serous tumor (APST)” behaved in a
benign fashion and a second, smaller group, designated
“micropapillary serous carcinoma (MPSC)” also
termed “noninvasive low-grade serous carcinoma”
behaved like a low-grade malignant tumor [29].
Moreover, this latter subset was closely associated with

invasive low-grade serous carcinoma (LGSC) and the
investigators proposed that MPSC was the immediate
precursor of LGSC. The key element leading to this
conclusion was the recognition that LGSC was a
distinct entity that differed from HGSC in several ways
(see below). Prior to this, serous carcinoma was graded
well, moderately and poorly differentiated with the
implication that serous carcinoma was a spectrum of
disease in which well differentiated carcinoma (LGSC)
progressed to poorly differentiated carcinoma (HGSC).
Following this morphologic study linking APST to
MPSC and LGSC, a series of molecular genetic studies
was performed, which culminated in the proposal of a
dualistic model to explain the pathogenesis of EOC
[29].
The dualistic model accommodates and
confirms the heterogeneous nature of EOC and places
the major histologic types into two groups (type I and
type II) based on their distinctive clinicopathologic and
molecular genetic features. Type I tumors are
comprised of low-grade serous carcinomas, low-grade
endometrioid, clear cell and mucinous carcinomas
which develop in a stepwise fashion from wellestablished precursor lesions, such as borderline tumors
and endometriosis. They typically present as large
masses that are confined to one ovary (stage Ia), are
indolent and have a good prognosis. The type I tumors
are relatively genetically stable and typically display a
variety of somatic sequence mutations that include
KRAS, BRAF, PTEN, PIK3CA CTNNB1 (the gene
encoding beta catenin), ARID1A and PPP2R1A but
very rarely TP53 [30;31]. In contrast, type II tumors
are comprised of HGSC (usual type of serous
carcinoma), high-grade endometrioid carcinoma,
malignant
mixed
mesodermal
tumors
(carcinosarcomas) and undifferentiated carcinomas,
which present in advanced stage (stages II-IV) in over
75% of cases; they grow rapidly and are highly
aggressive. Type II tumors, of which HGSC is the
prototypic type, are chromosomally highly unstable
and harbor TP53 mutations in >95% of cases. They
rarely display the mutations found in the type I tumors.
BRCA inactivation, either by mutation or inactivation
of expression of BRCA and its downstream genes via
promoter methylation occurs in up to 40-50% of HGSC
[32]. BRCA inactivation has not been reported in the
type I tumors.
Serous Tumors
The relationship of APST and MPSC to
LGSC based on morphologic studies was supported by
mutational analysis, gene expression studies and
methylation profiling demonstrating that these three
tumor types shared molecular alterations that differed
dramatically from HGSC [33-35]. Initial molecular
genetic studies focused on individual genes but more
recent studies have highlighted the importance of
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molecular signaling pathways (Fig. 1). For example,
the MAPK signaling pathway is important for the
cellular response to a variety of growth and
differentiation factors and activating mutations in
KRAS or one of its downstream effectors, BRAF,
(mutations of KRAS and BRAF are mutually exclusive)
results in constitutive activation of MAPK-mediated
signaling in more than half of APSTs, MPSCs and
LGSCs [36, 39]. In addition, a 12-bp insertion mutation
of ERBB2 (encoding HER-2/neu), which activates an
upstream regulator of K-Ras, has been detected in 9%
of these tumors. Interestingly, tumors with ERBB2
mutations lack KRAS and BRAF mutations [35, 36].
Accordingly, 60-70% of APSTs, MPSCs and LGSCs
express active MAPK [37]; they rarely harbor TP53
mutations. Recent studies have further clarified the
molecular pathogenesis of APST, MPSC and LGSC.
First, KRAS and BRAF mutations have not been
detected in serous cystadenomas, the putative precursor
of SBTs, but laser capture microdissection (LCM)
studies have detected these mutations in the adenoma
epithelium and APST epithelium in serous
cystadenomas containing small APSTs suggesting that
these mutations occur early in the development of
APST [38].
In an attempt to elucidate the relationship of
APST to LGSC a recent study compared the gene
expression profiles of APST, MPSC and LGSC and
found that MPSC is closer molecularly to invasive
LGSC than to APST and that the genes involved in
MAPK signaling showed higher expression in MPSC
than in APST. In addition, a previous study reporting
that MPSC harbors a pattern of chromosomal
imbalance distinct from that of APST [39] confirms the
proposal that LGSC develops in a stepwise fashion
from cystadeno-fibroma to APST and MPSC,
supporting the biological role of the KRAS-BRAFMEK-MAPK pathway in the development of LGSC.
By globally profiling the epigenetic landscape, it has
recently reported that the methylation profiles in lowgrade serous carcinoma are closer to APST and serous
cystadenoma than high-grade serous carcinoma [30].
This finding lends further support to the dualistic
model of ovarian serous carcinogenesis.
Clear Cell and Endometrioid Tumors
After serous carcinoma, endometrioid and
clear cell carcinomas are the most frequent types of
EOC accounting for approximately 15-20% of EOC in
Western countries. The molecular genetic alterations
that underlie the development of these tumors are now
beginning to emerge. Based on genome-wide
mutational analysis, the most common molecular
genetic changes in clear cell carcinoma are a somatic
inactivating mutation of ARID1A [40,41], a tumor
suppressor gene detected in about 50% of cases, an
activating mutation of PIK3CA in about 50% of tumors

[42] and deletion of PTEN, a tumor suppressor gene
involved in the PI3K/PTEN signaling pathway, in
about 20% (43), supporting the role of an aberrant
PI3K/ PTEN pathway in the development of clear cell
carcinoma. In addition, SNP array analysis has
identified frequent amplification of the ZNF217 (zinc
finger protein 217) locus and deletion of the
CDKN2A/2B locus in clear cell carcinomas, suggesting
that the pathways involving these two genes are also
important in their development.
Morphologic studies over the past two to three
decades have repeatedly shown an association of
endometrioid and clear cell carcinoma with
endometriosis and early molecular genetic studies
demonstrated LOH in the same chromosomal regions
in endometrioid carcinoma and adjacent endometriosis
[43] confirming a clonal relationship between
endometriosis and endometrioid carcinoma. In
addition, a recent study reported mutation of ARID1A
in atypical endometriosis adjacent to clear cell
carcinoma but not in distant sites of endometriosis
further linking endometriosis to clear cell carcinoma
and thereby providing further evidence that
endometriosis is the likely precursor of endometrioid
and clear cell carcinoma. Although both clear cell and
endometrioid
carcinomas
are
derived
from
endometriosis and share some molecular genetic
features, such as mutation of ARID1A and deletion of
PTEN, they clearly adopt different molecular programs
for their development, as is evident by their distinctly
different morphologic phenotype and clinical behavior.
For example, canonical Wnt signaling pathway defects
and microsatellite instability, which occur frequently in
low-grade endometrioid carcinoma have only rarely
been detected in clear cell carcinoma. Also it has been
recently demonstrated that unlike all the other types of
EOC, clear cell carcinoma has significantly longer
telomeres and this finding correlates with poor
outcome [44].
Mucinous Tumors
These tumors have been the least studied
histologic types probably due to their relative rarity
(approximately 3% of EOC). KRAS mutations occur in
up to 75% of primary mucinous carcinomas and using
KRAS as a molecular marker, LCM studies have shown
the identical KRAS mutation in mucinous carcinomas
and adjacent mucinous cystadenomas and borderline
tumors supporting the morphological continuum and
tumor progression in ovarian mucinous neoplasms. In
summary, each of the major histologic types of EOC is
associated with a different set of cell signaling
pathways abnormalities, which for the type I tumors
are shared with their respective precursor lesions
(borderline tumors and endometriosis) supporting their
stepwise progression (Fig.1). In contrast, the type II
tumors, aside from a very high frequency of TP53
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mutations and molecular alterations of BRCA1/2, are
characterized by marked genetic instability and lack
other mutations. The identification and characterization
of their precursor lesions have only recently been
recognized [28].
Origin of Epithelial Ovarian Carcinoma
Serous Tumors
The conventional view of the origin of serous
tumor has been that they were derived from the ovarian
surface epithelium or cortical inclusion cysts.
Therefore, there was surprise and skepticism when a
group of Dutch investigators in 2001 first described
tubal intraepithelial carcinomas (TICs), later designated
“serous tubal intraepithelial carcinomas (STICs) and
occult invasive HGSCs in the Fallopian tube that
closely resembled ovarian HGSC, in women with a
genetic predisposition to ovarian cancer [45]. Similar
lesions were not found in the ovaries of the same
women. In hindsight, the failure to identify the tubal
carcinomas in the past was because it was assumed that
precursors of ovarian carcinoma would logically be in
the ovaries, and therefore the Fallopian tubes were not
carefully examined. It was subsequently proposed that
implantation of malignant cells from the tubal
carcinoma to the ovary develop into a tumor mass that
gives the impression that the tumor originated in the
ovary [46; 47] (Fig. 2). A gene profiling study showing
that the gene expression profile of HGSC is more
closely related to Fallopian tube epithelium than to
ovarian surface epithelium and immunohistochemical
studies showing that HGSC expresses PAX8, a
Müllerian marker, but not calretinin, a mesothelial
marker (ovarian surface epithelium has a mesothelial
not a Müllerian morphologic phenotype) lends further
support to the proposal that the tubal lesions are
precursors of HGSC and not the ovarian surface
epithelium [48].
The carcinoma developed from ovarian
cortical inclusion cysts. Although it is generally stated
that these cysts develop by invagination of ovarian
surface epithelium, there is reason to believe that
during ovulation, as the fimbria come into close contact
with the ovary, tubal epithelial cells implant on the
disrupted ovarian surface to form a cortical inclusion
cyst [48] (Fig. 3). In addition, ovulation itself with the
release of follicular fluid, which has been shown to
contain reactive oxygen species (free radicals), and
possibly associated changes in the microenvironment,
such as inflammation, may play a role in early ovarian
carcinogenesis. This is consistent with epidemiologic
evidence linking decreased ovulation (either as a result
of oral contraceptive usage or multiple pregnancies)
with a decreased risk of ovarian cancer [49, 50].
Therefore, some HGSCs may develop from ovarian
cortical inclusion cysts [51] but these cysts could be
derived, not from the ovarian surface epithelium but

from implanted fimbrial tubal epithelium [48] (Fig. 4).
Clear Cell and Endometrioid Tumors
As previously noted it is well established by
morphologic and molecular genetic studies that lowgrade endometrioid and clear cell carcinomas develop
from endometriotic cysts (endometriomas) and are
frequently associated with implants of endometriosis
elsewhere in the pelvis [52]. Although the precise
origin of endometriosis has not been completely
established, specifically, whether it develops in situ in
the peritoneum through a process of metaplasia or from
retrograde menstrual flow, the preponderanc of data
favor the latter mechanism [53]. Admittedly, the
former theory is more difficult to prove experimentally.
Thus, if retrograde menstruation accounts for most
cases of endometriosis, it is logical to assume that
endometrioid and clear cell tumors develop from
endometrial tissue that implanted on the ovary and
therefore the ovary is involved secondarily [54] (Fig.
5).
Mucinous Tumors
Studies over the last decade have shown that
the majority of the gastrointestinal-type tumors
involving the ovary are secondary [55;56] and that, in
fact, primary mucinous carcinomas of the ovary are
one of the least common types of EOC comprising
about 3% of EOC. Malignant Brenner tumors are the
least common type of EOC. The origin of these
mucinous tumors and Brenner tumors tumors is
puzzling, as unlike serous, endometrioid, and clear cell
tumors, they do not display a Müllerian phenotype.
Although it has been argued that mucinous tumors bear
some relationship to the endocervix, the mucinous
epithelium that characterizes them more closely
resembles gastrointestinal mucosa. It seems unlikely
that they develop from cortical inclusion cysts, as
mucinous metaplasia involving cortical inclusion cysts
is a very rare finding. On the other hand, the
association of Brenner tumors and mucinous tumors
has been recognized for many years. In a provocative
study of mucinous cystadenomas and Brenner tumors,
it was reported that after extensive sectioning,
mucinous cystadenomas contained foci of Brenner
tumor in 18% of cases [57].
Role of genetic factors in ovarian cancer
Though occurrence of ovarian cancer is
recognized as sporadic, about 5-10% of incidences
have familial history and risk among first-degree
relatives (mother, sister and daughter) increases by
50% [58]. In many cases people carrying germline
mutations in one of the alleles of the tumor suppressor
genes BRCA1 (Breast cancer antigen 1) or BRCA2 are
at significantly higher risk of acquiring breast or
ovarian cancers. The BRCA1 and BRCA2 genes which
are found on chromosome 17q code for proteins that
are responsible for DNA double stranded breaks by
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homologous recombination [59].Consequently, several
chromosomal abnormalities and genetic instability lead
to onset of cancerous transformation of mammary and
ovarian epithelia. Tumour suppression of a normal cell
occurs when the BRCA1 gene controls remodeling
processes of the concerned chromosomes. The gene
also works with the retinoblastoma (Rb) gene during
this remodeling process. When a mutation has
occurred, then steps in the cell cycle will not include it.
This causes tumorigenesis or unchecked growth inside
the cell.
If BRCA1 and BRCA2 mutate and a person’s
offspring inherits them, then that progeny has a high
susceptibility to ovarian cancer even if the disease has
not manifested itself in the parent. BRCA2 and BRCA1
mutations compounded by the family history of the
patient, age or menopausal status, and other risk
factors. Therefore, a harmful mutation may not always
translate into ovarian cancer. It should be noted that the
above genes are not the only ones responsible for
genetic ovarian cancer risk. Other genes such as
Phosphatase and tensin homolog (PTEN), MutL
homolog 1 (MLH1), MutS homolog and p53 also
account for this disease [60]. While BRCA protein is
widely expressed in all kinds of cells, the prevalence of
BRCA mutations in some tissues and not others, relates
to the microenvironment of a particular tissue which
becomes crucial for pathogenesis. Women inheriting
mutations of BRCA1 or BRCA2 genes have a ~40% or
~10% risk, respectively, of developing ovarian cancer
by the age of 70. In the case of the BRCA1 and 2 genes,
certain criteria ought to be examined in order to
understand the likelihood of developing the disease.
Women with first degree relatives, like mothers and
sisters, who had been diagnosed with breast cancer at
an early age might develop the disease. Another
criterion is the existence of more than two second
degree or first degree relatives, like aunts and
grandmothers, with breast cancer. Additionally, the
combination of ovarian cancer and breast cancer
among the second or first degree relatives also accounts
for an increased level of harmful BRCA1 and BRCA2
mutations (Fig.6). Bilateral breast cancer or cancer in
both breasts among first degree relatives is another
criterion. Breast cancer in a male relative is also cause
for alarm. Genetic testing may be done in order to
determine whether one has a high risk. If the tests are
negative, this does not imply that a person will never
have ovarian cancer, it simply demonstrates that their
likelihood of contracting the disease is minimal.
Females with lynch syndrome or hereditary nonpolyposis colorectal cancer (HNPCC) also have an
increased chance of developing ovarian cancer [61].
This is an autosomal syndrome that increases a
woman’s risk of acquiring ovarian, gastric or
endometrial cancers. It originates from mutations in the

mismatch repair (MMR) gene, which is located in
chromosomes 7p, 3p, 2q, and 2p. The purpose of these
genes is to ensure that DNA transcription takes place
normally by repairing mistakes in the process. Ovarian
cancer that comes from this mutation accounts for all
histopathologic tumors. They are also heritable and will
increase an offspring’s chances of developing ovarian
cancer.
Cancer stem cells constitute a small proportion of
OSE stem cells
The cancer stem cell (CSC) hypothesis
postulates that the tumorigenic potential of CSCs is
confined to a very small subset of tumor cells and is
defined by their ability to self-renew and differentiate
leading to the formation of a tumor mass .The
observation that cancers can arise long after initial
exposure to carcinogens. The carcinogenic event may
have occurred in the long-lived slowly proliferating
stem cell population which in many cases may have
been triggered by unknown mechanism(s) (e.g., DNA
damage, exposure to inflammatory cytokines and
reactive oxygen species, etc) after being dormant for an
indefinite length of time ranging from months to years.
These early cancer cells or CSCs would then give rise
to generations of cells resulting in tumor masses [61].
CSCs are not necessarily transformed adult
stem cells but they may be progenitor cells or
differentiated cells that have acquired stem cell like
characteristics .Although there is evidence in some
tumor types (such as melanoma) normal adult stem
cells are the initial precursor cells to neoplastic
transformation, definite evidence of these adult stem
cells as the originator of ovarian cancer has been
lacking. The term ‘‘cancer stem cells’’ usually refers to
a defined population of tumor cells that express a
distinct set of cell surface or intracellular markers
which are universally expressed in many tissues. The
term ‘‘cancer initiating cells’’ or ‘‘tumor initiating
cells’’ have been used with CSCs but neither of these
terms define the cells that initiate the tumor [61]. CSCs
are usually characterized by their ability to renew and
give rise to a progeny of cells that have high
proliferative and invasive capacity. This phenomenon
often described in the literature as ‘‘asymmetric
division’’ defines a process whereby one daughter cell
on division retains the characteristics of the parent cell
while the other may not necessarily have the parental
traits [61]. Hence, tumors that arise from CSCs consist
of CSCs and a mixed population of cells which creates
the full heterogeneous phenotype of the tumor. Within
the tumor CSCs possess several key properties which
includes, (i) unlimited proliferative potential; (ii)
ability to renew indefinitely in an undifferentiated
state; (iii) resistance to therapies; (iv) high DNA repair
capacity; and (v) the ability to drive the expansion of
tumor by cells that are deregulated at various stages of
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differentiation. These properties of CSCs represent a
critical target for new cancer therapy. Nonetheless
creating and designing therapies against ovarian CSCs
has proven complex because, (i) there are no CSC
marker for ovarian cancer that can be specifically
targeted and (ii) ovarian CSCs are protected by
resistance mechanisms that make them less susceptible
to conventional therapies. The first description of stem
cells in ovarian cancer was reported in the ascites of an
ovarian cancer patient, derived from a single cell which
could sequentially propagate tumors over several
generations [62]. CSCs have been isolated from
ovarian tumors and cell lines based on their abilities to
differentially efflux the DNA binding dyes [62].
The cyclic and repeated disruption and repair
of the OSE with complex remodeling has led to a belief
that there exists a population of somatic
stem/progenitor cells within the OSE layer responsible
for sustained wound healing [63]. Somatic stem cells
are just the normal tissue cells with an ability to renew
themselves by asymmetric division, and thereby they
produce a set of daughter cells committed to rectify the
damage by regeneration and repair. Both human and
bovine OSE cells exhibited positive staining for Kit
ligand (KL) and its tyrosine kinase receptor c-kit which
are typical stem cell factors [64].
Increasing evidence supports the hypothesis
that OSE tumour growth capacity depends on Cancer
Stem Cells (CSC’s) that arise from a small proportion
of OSE stem cells [64]. It has been reported that CSC’s
are responsible for aggressiveness of the disease,
metastasis and resistance to chemotherapy. In EOC
cell, a small subset of tumor stem cells, called Side
Population (SP), actually proliferates as CSC’s and the
rest of the population behaves like stem cells destined
for damaged tissue repair. SP can be detected by their
ability to efflux the DNA-binding dye Hoechst 33342
through an ABC membrane transporter [64]. In a
mouse model, several proliferative markers were used
to distinguish the quiescent population of OSE cells
from highly proliferative cells surrounding the postfollicular wounded region in OSE layer [65]. A
significant result was that two nuclear proliferation
markers, bromo-dUracil (BrdU) and Histone 2B green
fluorescent protein (2HB-GFP) were retained by a
quiescent cell population for up to four months, while
another population within the same tissue rapidly lost
the markers in a short period [65]. With high resolution
confocal microscopy these authors demonstrated the
possibility of asymmetric division of coelomic
epithelial cells, which is highly characteristic of stem
cells. The conclusion was that those cells which lost the
markers were highly proliferative somatic stem cells
showing asymmetric division, and were distinct from
the OSE tissue specific cells that were dividing less and
as a result maintained the nuclear markers for longer

periods [65].
The Morphologic and Molecular Heterogeneity of
Epithelial Ovarian Cancer
One of the major problems in elucidating the
pathogenesis of ovarian cancer is that it is a
heterogeneous disease composed of different types of
tumors with widely differing clinicopathologic features
and behavior. Based on a series of morphologic and
molecular genetic studies, we have proposed a dualistic
model that categorizes various types of ovarian cancer
into two groups designated type I and type II. Type I
tumors are clinically indolent and usually present at a
low stage. They exhibit a shared lineage between
benign cystic neoplasms and the corresponding
carcinomas often through an intermediate (borderline
tumor) step, supporting the morphological continuum
of tumor progression in these neoplasms [66]. This
stepwise sequence of events parallels the adenomacarcinoma sequence that occurs in colorectal
carcinoma. Type I tumors include low- grade serous,
low-grade endometrioid, clear cell and mucinous
carcinomas. In contrast to the clear-cut and distinctive
morphologic differences among type I tumors, the
morphologic differences among the type II tumors are
more subtle and as a result there is considerable
overlap in the diagnosis of these tumors by different
pathologists. Type II tumors exhibit papillary,
glandular, and solid patterns and are diagnosed as highgrade serous, high-grade endometrioid
and
undifferentiated carcinomas depending on the
dominant pattern. Generally, most pathologists classify
them as high-grade serous carcinomas even though
they bear little resemblance to tubal-type epithelium
(the basis for typing a tumor as serous); arguably many
of those lacking distinctive serous or endometrioid
features could be classified as “high-grade
adenocarcinoma” [66].
In addition to these neoplasms, malignant
mixed mesodermal tumors (carcinosarcomas) are
included in the type II category because they have
epithelial components identical to the pure type II
carcinomas. Type II tumors are highly aggressive and
almost always present in advanced stage. Since they
account for approximately 75% of all epithelial ovarian
carcinomas and have relatively similar morphologic
features and a uniformly poor outcome, ovarian cancer
has been erroneously regarded as a single disease. The
morphologic differences between type I and type II
tumors are mirrored by marked differences in their
molecular genetic features [66]. As a group, type I
tumors are genetically more stable than type II tumors
and display specific mutations in the different
histologic cell types21. Thus, KRAS, BRAF, and
ERBB2 mutations occur in approximately two thirds of
low-grade serous carcinomas whereas TP53 mutations
are rare in these tumors. Low-grade endometrioid
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carcinomas have aberrations in the Wnt signaling
pathway involving somatic mutations of CTNNB1
(encoding β-catenin), PTEN and PIK3CA7.
Mucinouscarcinomas have KRAS mutations in more
than 50% of specimens [66].
Clear cell carcinoma is unique in that it has a
high percentage of PIK3CA activating mutations when
purified tumor samples and cell lines are analyzed22.
There is little available molecular genetic data on
transitional cell (Brenner) tumors. High-grade serous
carcinoma, the prototypic type II tumor, is
characterized by very frequent TP53 mutations (>80%
of cases) and CCNE1 (endcoding cyclin E1)
amplification but rarely mutations that characterize
most type I tumors such as KRAS, BRAF, ERBB2,
PTEN, CTNNB1 and PIK3CA7 [66]. Although only a
small number of malignant mixed mesodermal tumors
have been analyzed molecularly, the few that have
been display a similar molecular genetic profile. In
summary, type I tumors, as a group, are genetically
more stable than type II tumors and display a
distinctive pattern of mutations that occur in specific
cell types (low-grade serous, low-grade endometrioid,
clear cell and mucinous). In contrast, the type II tumors
(high-grade
serous,
high-grade
endometrioid,
malignant
mixed
mesodermal
tumors
and
undifferentiated carcinomas) show greater morphologic
and molecular homogeneity, are genetically unstable
and have a very high frequency of TP53 mutations.
These findings suggest that different types of ovarian
carcinomas develop along different molecular
pathways [66].
Biomarkers as prognostic and therapeutic tool in
ovarian Cancer
CA-125
Bi-manual
examination,
CA-125
and
transvaginal ultrasonography together are sensible tools
to detect only 30–45% of women with early-stage
disease. Recent developments in proteomic and
genomic research have identified a number of potential
biomarkers. Although panels of tumor markers and
proteomic-based technologies may improve the
positive predictive value, all markers require validation
and interfacing with newly developed diagnostic
imaging technologies. While a large amount of
information on miRNAs has been promising, much
remains to be elucidated [67]. To date, the CA-125
glycoprotein antigen is the most commonly measured
tumor marker for epithelial ovarian tumors, which
account for 85–90% of ovarian cancers. CA-125 was
first detected using the OC125 murine monoclonal
antibody [68]. CA-125 was originally developed to
monitor patients previously diagnosed with ovarian
cancer and not for screening. Alone, CA-125 is only
elevated in 47% of women with early-stage ovarian
cancer, while CA-125 levels are elevated in 80–90% of

advanced-stage ovarian cancers. As CA-125 levels are
elevated in many benign conditions in premenopausal
women, its utility as a tumor marker is more effective
in postmenopausal women [69].
For detection of ovarian cancer in
postmenopausal women, the CA-125 cut-point of 35
units/ml has been used. The 98th percentile in this
population yielded a 2% false-positive rate, whereas
the same cut-point in premenopausal women resulted
in substantially higher false-positive rates. Baseline
CA-125 values and clinical and demographic data from
3692 women participating in a screening study, which
was conducted by the National Cancer Institute,
recommended to achieve a 2% false-positive rate in
ovarian cancer screening trials and in high-risk women,
the cutoff point for initial CA-125 testing should be
personalized primarily for menopausal status: 50
units/ml for premenopausal women, 40 units/ml for
premenopausal on oral contraceptive, and 35 units/ml
for postmenopausal women [70].
Clinically, CA-125 has been used to follow
women diagnosed with ovarian cancer for prognosis,
surveillance and optimization of care. However, as CA125 has been the oldest and one of the best performing
biomarkers, a biomarker panel used to detect ovarian
cancer in its early stage will include CA-125 [71].
Together with the use of CA-125, the focus has
incorporated other biomarkers with and without
combined imaging techniques and simultaneous
evaluation of multiple markers may achieve the
required sensitivity–specificity.
HE4
This protein has a WAP-type four disulfidecore and is encoded by the WFDC2 gene found on
chromosome 20q1213.1 [72]. It is elevated in ovarian
cancer and there is increased HE4 mRNA expression in
different types of EOC’s [73;74]. HE4 is overexpressed
in specific subtypes of ovarian cancer, 100% in
endometrioid and 93% in serous ovarian cancer,
possibly enabling one to distinguish among several
tumor types. Alone, the sensitivity of this marker has
been reported to be 95% with a specificity of 72.9%
[75]. Moore et al. reported a sensitivity of 76.5% and
specificity of 95% when CA-125 and HE4 were
combined to differentiate benign from malignant
lesions in a retrospective study. Recently, in a
prospective trial, this panel yielded a sensitivity of
93.8%, a specificity of 74.9% and a negative predictive
value of 99% [76]. Equally important, HE4 is less
likely to be elevated falsely in the setting of benign
neoplasms as compared with serum CA-125, and it can
be used to differentiate endometriomas from malignant
ovarian tumors, with sensitivity of 71% as compared
with sensitivity of 64% of CA-125. HE4 is also noted
as a potential marker for adenocarcinoma of the
endometrium [77]. Recently, two meta-analysis studies
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independently published a similar conclusion that HE4
is a valuable marker in the diagnosis of ovarian cancer
[78;79]. HE4 has recently obtained US FDA approval
for monitoring of disease recurrence or progression but
not for screening. In summary, HE4 was superior to
CA-125 in separating benign, borderline ovarian
tumors, cancers of the fallopian tubes, as well as earlystage EOC.
Mesothelin
Mesothelin is a glycosylphosphatidylinositollinked cell surface molecule expressed by mesothelial
cells. Mesothelin level can be measured in urine and
elevated in mesothelioma, pancreatic and ovarian
cancers. Elevated serum mesothelin was detected in
60% of ovarian cancers with a specificity of 98% [80].
In a study consisting of 44 ovarian tumor specimens,
Obulhasim et al. found that mesothelin was expressed
in 100% of serous cystadenocarcinoma and 100% of
serous borderline tumors of the ovary. The average
methylation of CpG sites in ovarian tumors ranged
from 6 to 56% in mesothelin-positive, and from 13 to
79% in mesothelin-negative samples. The authors
identified
diverse
levels
of
methylation/
hypomethylation at CpG sites in the mesothelin
promoter region in ovarian cancer [81]. Mesothelin
may aid in the peritoneal implantation and metastasis
of tumors through its interaction with mucin MUC16
(CA-125). Combination of mesothelin and CA-125
detected more ovarian cancers than each marker alone.
Mesothelin was elevated in 42% of urine assays in
comparison with 12% of serum assays of early-stage
ovarian cancer patients at 95% specificity [82].
Transferrin
Transferrin (79 kDa) is an iron-binding
transport protein responsible for transporting iron from
sites of iron absorption and heme degradation to areas
of storage and utilization. Transferrin has been
previously reported to be decreased in the serum of
patients with ovarian cancer [83]. All of these
molecules have been shown to play an important role
in oxidative stress, for which there are extensive data
linking it to carcinogenesis [84]. It functions as
promoter of tumor development and survival via
antiapoptotic effects [85]. Combination of CA-125,
transferrin, TTR and ApoA1 using proteomic analysis
yielded a sensitivity of 89% at specificity of 92% for
early detection screening [86].
Osteopontin
Osteopontin
(OPN) is an
adhesive
glycoprotein related to bone remodeling as well as
immune function. It is synthesized by vascular
endothelial cells and osteoblasts. OPN has the ability to
inhibit apoptosis. Kim et al., in a study consisting of
107 plasma samples using cDNA array, found
significantly higher levels of OPN expressed in
invasive ovarian cancer and borderline ovarian tumors

[87]. OPN is involved in metastasis and tumor
progression, useful to monitor recurrence. OPN as a
sole biomarker has a sensitivity of 81.3%, when
combined with CA-125 the panel yielded a sensitivity
of 93.8%, but a low specificity of 33.7% [88].
VCAM
VCAM-1 is a cell surface receptor expressed
on activated endothelial and mesothelial cells, which
functions to regulate leukocyte attachment and
extravasation at sites of inflammation. VCAM-1
protein was found to be preferentially expressed on the
mesothelium of ovarian cancer patients compared with
the mesothelium of women without cancer. Ovarian
cancer cell invasion of the mesothelium was quantified
using a coculture assay system. Inhibition of VCAM-1
function in the coculture system decreased ovarian
cancer transmigration of the mesothelium [89]. When
VCAM-1 was combined with CA-125 and other
biomarkers, the panel yielded sensitivity of 86% for
early-stage and 93% sensitivity for late-stage ovarian
cancer at 98% specificity [90].
ApoA1
ApoA1 is constituent of high-density
lipoproteins. Exogenous ApoA1 prevents tumor
development in mice while lowered ApoA1
concentrations are associated with ovarian cancer.
Decreased ApoA1 levels were previously reported in
the serum of patients with ovarian cancer. The
mechanism of this association remains unclear at this
time; however, it has been proposed to be associated
with free radical-mediated damage to cellular
biomembranes resulting in lipid peroxidation [91].
B7-H4
B7-H4 is a 282 amino acid protein, which is
expressed on the surface of a variety of immune cells
and functions as a negative regulator of T-cell
responses.
B7-H4
may
promote
malignant
transformation. B7-H4 expression was consistently
higher in serous, endometrioid and clear cell ovarian
carcinomas compared with mucinous subtypes or
normal somatic tissues. These findings indicated that
B7-H4 should be further investigated as a potential
serum biomarker for ovarian cancer [92]. Using ELISA
to analyze the level of B7-H4 protein in more than
2500 serum samples, ascites fluids and tissue lysates,
Simon et al. found high levels of B7-H4 protein in
ovarian cancer tissue lysates when compared with
normal tissues. B7-H4 was present at low levels in all
sera, but showed an elevated level in serum samples
from ovarian cancer patients when compared with
healthy controls or women with benign gynecologic
diseases. In early-stage patients, the sensitivity at 97%
specificity increased from 52% for CA-125 alone to
65% when used in combination with B7-H4 [93].
Serum amyloid A
SAA is an acute phase reactant, which is
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expressed primarily in liver as a modulator of
inflammation and metabolism, and transport of
cholesterol. Expression of SAA was increased as
epithelial cells progressed through benign and
borderline adenomas to primary and metastatic
adenocarcinomas. Real-time PCR analysis confirmed
the overexpression of the SAA1 and SAA4 genes in
ovarian carcinomas compared with normal ovarian
tissues [94]. Confirmation of proteomics data with
immunoassays in some early-stage cases revealed a
substantial increase of SAA levels in plasma in
comparison with the values of healthy controls. When
combined with CA-125 the panel yielded an accuracy
rate of 95.2% for ovarian cancer screening [95].
Kallikreins
Kallikreins (KLK) are a family of serine
proteases that regulate proteolytic cascades. KLK
promote or inhibit cancer cell growth, angiogenesis,
invasion and metastasis by proteolytic processing of
growth factors, angiogenic factors and extracellular
matrix components. Of the 15 family members that are
encoded by a group of genes tandemly localized on
chromosome 19q13.3–4, 12 KLK are over expressed in
ovarian cancer at the mRNA and/or protein level [96].
KLK6 and KLK10 were elevated in ovarian cancer
tissues that had low levels of CA-125 [97], elevated
KLK11 was found in 70% of ovarian cancer sera at a
specificity of 95% [98].
OVX1
OVX1 is an epitope of high molecular weight
mucin-like glycoprotein, also an ovarian or breast
cancer related glycoprotein antigen. OVX1 is increased
in 70% of ovarian cancers; also increased in 59% of
ovarian cancers with normal CA-125 level. Although
these results indicate improvement in sensitivity,
preliminary data from different laboratories suggest
that OVX1 may be unstable unless serum is rapidly
separated, which could complicate its use in population
screening if samples are sent by post [99]. In a study of
201 serum samples, Donach et al. found a sensitivity of
88% and specificity of 92.5% using the artificial neural
network with a panel of OVX1, M-CSF, CA19–19 and
CA 72–74 [100].
VEGF
VEGF is a glycosylated angiogenesis
mediator with serum levels significantly higher in
patients with ovarian or gastrointestinal carcinoma than
in healthy individuals, and the VEGF concentrations in
sera from patients with metastatic disease were higher
than those in sera from patients with localized tumors
[101]. VEGF levels were significantly elevated in the
sera and cyst fluids of carcinoma patients compared
with patients who had benign neoplasms. High VEGF
levels in ascitic fluids appeared to be significantly
associated with shorter disease-free survival and
overall survival. The elevated VEGF levels in sera and

tumor effusions of patients with Fédération
Internationale de Gynécologie Obstétrique (FIGO)
stages I/II indicated that angiogenesis promoted by
VEGF is a continuous process, independent of clinical
advancement of the disease [102]. When combined
with CA-125 the sensitivity is 77% and specificity is
87% [103]. VEGF inhibition has been shown to inhibit
tumor growth and ascites production, and to suppress
tumor invasion and metastasis [104].
miRNAs
In parallel with the efforts to identify potential
protein biomarkers, attention has been recently focused
on miRNAs. miRNAs consist of approximately 22
nucleotides of noncoding RNAs that posttranscriptionally regulate mRNA translation into the
protein of a large number of target genes [105].
miRNAs globally influence gene expression, which
ultimately determines cellular behavior by targeting
complementary gene transcripts for translational
repression or degradation of the mRNA transcript
[106]. Similar to other cancers, the initiation and
development of ovarian cancer is characterized by
disruption of oncogenes and tumor suppressor genes by
both genetic and epigenetic mechanisms [107].
Previous miRNA-expression profiling studies of
ovarian cancer have defined differentially expressed
miRNAs in ovarian cancer relative to the
corresponding normal control, and various miRNAs
may represent potential targets for detection, diagnosis,
prognosis and therapy [108]. There is a variety of
tumor miRNA-expression patterns including genetic
alterations, epigenetic regulation or altered expression
of transcription factors, which finally target the miRNA
genes. In cancer cells, transcriptional gene silencing
has frequently been associated with epigenetic defects
[109]. miRNAs are promising biomarkers as they are
remarkably stable to allow isolation and analysis from
tissues and from blood in which they can be found as
free circulating nucleic acids and in mononuclear cells
[110]. Recent efforts have been focused on establishing
miRNA as novel molecular biomarkers for ovarian
cancer and defining peripheral blood-derived miRNA
as novel circulating biomarkers [111].
Current & future technologies of interest to identify
unique ovarian cancer biomarkers
Microarrays
Microarray technology is one of the powerful
tools to study genome-wide expression of genes. DNA
microarray consists of an arrayed series of thousands of
microscopic spots of DNA oligonucleotides, each
containing a specific DNA sequence. This can be a
short section of a gene that is used to hybridize a
cDNA sample [112]. Genome-wide expression
profiling using DNA microarray technology has
enhanced the understanding of the genes that influence
ovarian cancer development, histopathologic subtype,
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progression, response to therapy and overall survival.
Both diagnostic and prognostic information can be
obtained by this method [112]. For example,
osteopontin and kallikrein 10 [113] are markers that
have been identified by microarray analysis.
Microarray-based expression analysis is
considered an ideal strategy for identifying candidate
miRNAs. The small size of the mature miRNA is less
susceptible to nuclease degradation. In addition, the
small size makes it possible to extract miRNAs from
paraffin-embedded formalin-fixed tissue blocks, which
makes large archives of fixed tissue available for
molecular analysis. The use of microarray can therefore
generate molecular signatures of the disease stages.
The expression data are archived in a standardized
base, both National Center for Biotechnology
Information – Gene Expression Omnibus and Array
Express databases have been used for storage of
miRNA microarray data [114].
Microvesicles & exosomes analysis
Microvesicles are generated by the outward
budding and fission of membrane vesicles from the cell
surface occurring in normal and pathologic cells, and
more frequently, in tumor cells. Microvesicles can be
widely detected from bodily fluids such as blood, urine,
cerebrospinal fluid and ascites from which high-quality
RNA, DNA and protein can be extracted and purified
for analysis. In addition, by transferring these bioactive
molecules, they are now thought to have vital roles in
tumor invasion and metastases in cancer progression
[115]. Exosomes are one of many different subpopulations of microvesicles. Exosomes originate
predominantly from preformed multivesicular bodies
that are released upon fusion with the plasma
membrane. Exosomes can also contain proteins,
enzymes, miRNAs and mRNAs; and thus, exosomes
served as bioactive shuttle vesicles that constitute a
mode of selective transmitting of information between
cells [116]. An inappropriate release of miRNAs via
exosomes may cause significant alterations in biologic
pathways that affect disease development. Exosomes
play an important role in cell to cell communication.
They transfer proteins, mRNA and miRNA into
recipient cells. The interplay via the exchange of
exosomes between cancer cells, and between cancer
cells and the tumor stroma may promote the transfer of
oncogenes (e.g., b-catenin, CEA, HER2, MelanA/Mart-1 and LMP-1) and onco-mi-RNAs (e.g., let7,
miR-1, miR-15, miR-16 and miR-375) from one cell to
another, leading to the modulation of the activity of
cellular signaling pathways in the recipient cells [117].
Genomic technologies have identified
biomarkers and potential therapeutic targets for ovarian
cancer. Comprehensive functional validation studies of
the biological and clinical implications of these
biomarkers are needed to advance them toward clinical

use [118]. Amplification of chromosomal region 5q31–
5q35.3 has been used to predict poor prognosis in
patients with advanced stage, high-grade serous
ovarian cancer. In this study, we further dissected this
large amplicon and identified the overexpression of
FGF18 as an independent predictive marker for poor
clinical outcome in this patient population. Using cell
culture and xenograft models, we show that FGF18
signaling promoted tumor progression by modulating
the
ovarian
tumor
aggressiveness
and
microenvironment [118]. FGF18 controlled migration,
invasion, and tumorigenicity of ovarian cancer cells
through NF-κB activation, which increased the
production of oncogenic cytokines and chemokines.
This resulted in a tumor microenvironment
characterized by enhanced angiogenesis and
augmented tumor-associated macrophage infiltration
and M2 polarization. Tumors from ovarian cancer
patients had increased FGF18 expression levels with
microvessel density and M2 macrophage infiltration,
confirming our in vitro results. These findings
demonstrate that FGF18 is important for a subset of
ovarian cancers and may serve as a therapeutic target
[118].
Ongoing research on ovarian cancer
Ovarian cancer remains the most lethal
gynecological malignancy due to the lack of highly
sensitive and specific screening tools for detection of
early-stage disease. Recent developments in
identification of potential biomarkers and application
of technologies may improve the positive predictive
value. It is anticipated that the detection of early-stage
EOC will be achieved using a combination of serum
biomarkers in conjunction with imaging technologies
to improve women’s healthcare. Mass spectrometry &
quantitative proteome analysis Mass, Microarray
techniques, and Microvesicles & exosomes are the
most recent techniques employed for the sensitivity and
identification of biomarkers to predict early detection
of ovarian cancer. Moreover, mutation of both BRCA1,
and BRCA2 genes and their prevalence to ovarian
carcinoma is also ongoing area of research.
Abbreviations
Ovarian Surface Epithelium (OSE), ovarian
cancer (OC), cancer antigen 125 (CA125), Estrogen
Receptor α (ERα), Progesterone Receptor (PR),
Epithelial Ovarian Cancer (EOC), Serous Borderline
Tumor (SBT), Atypical Proliferative Serous Tumor
(APST), Micropapillary Serous Carcinoma (MPSC),
Low-Grade Serous Carcinoma (LGSC), High-Grade
Serous Carcinoma (HGSC), ZNF217 (zinc finger
protein 217), serous tubal intraepithelial carcinomas
(STICs), BRCA1; BRCA2 (Breast Cancer Antigen 1;2),
Cancer Stem Cells (CSC’s), Side Population (SP),
bromo-dUracil (BrdU), Histone 2B green fluorescent
protein (2HB-GFP).
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Fig.3. Development of a cortical inclusion cyst from
tubal epithelium. Adapted and reprinted with
permission from American J Surg Pathol 2010;34:433443. Kurman (2010).

Fig. 1 Schematic illustration of pathway alterations
involved in the development of low-gradeserous
carcinoma. The cardinal molecular genetic changes
include somatic mutations in KRAS, BRFA and
occasionally ERRB2 (encoding Her2/Neu) and
PIK3CA. The mutated gene products constitutively
activate the signaling pathways that regulate cellular
proliferation and survival and promote tumor initiation
and progression through several mechanisms including
up regulation of glucose transporter-1. The size of the
boxes containing specific genes reflects the relative
frequency of the mutation and the thickness of the
arrows indicates the relative contribution of the
pathway alterations to tumor development. Kurman
and Shih (2011)

Fig. 4 Development of low-grade [type I pathway with
KRAS or BRAF mutation) and high-grade serous
carcinoma [type II pathway with TP53 mutation] from
tubal epithelium by way of a cortical inclusion cyst and
cystadenoma or an intraepithelial carcinoma (STIC)
implanting directly on the ovary developing into a
high-grade serous carcinoma. Reprinted with
permission from American J Surg Pathol 2010;34:43344. Kurman and Shih, et al (2010).

Fig. 2. Spread of serous tubal intraepitelial carcinoma
(STIC) from the fimbria to the ovarian surface.
Adapted and reprinted with permission from American
J Surg Pathol 2010;34:433-443. Kurman RJ, Shih IM.
Kurman RJ, Shih IM. (2010).
Fig.5: Development of low-grade endometrioid and
clear cell carcinoma from endometriosis by retrograde
menstruation. Reprinted with permission from
American J Surg Pathol Kurman and Shih (2010).
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BRCA2

BRCA1
Fig.6.Mutations in BRCA genes give individuals a predisposition to more ovarian cancer (in yellow), or more
breast cancer (in red) risks. Taken from Sowter and Ashworth (2005).
13.
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