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Introduction

Ovarian cancer is not a single entity but instead represents

tumors of epithelial, germ cell, or sex cord stromal origin.

The coelomic epithelium, also called germinal epithelium,

represents the site of origin of all epithelial structures of fe-

male reproductive tract except for the distal vagina. It is

thought that the majority of ovarian neoplasms origin from

it. According to WHO classification [1], approximately 90%

of ovarian cancer is of epithelial origin. About 5% are germ

cell tumors, most likely originate in cells derived from the

primitive streak that ultimately migrated to the gonads. Fi-

nally, 5% is constituted of sex cord stromal tumors, arising

from the ovarian stroma consisting of granulosa cells, theca

cells, and fibroblasts. The cells of origin of ovarian cancer

has been long debated. The current paradigm is that epithe-

lial ovarian cancer (EOC) arises from the ovarian surface ep-

ithelium (OSE). OSE is composed of flat, nondescript cells

more closely resembling the mesothelium lining the peri-

toneal cavity, with which it is continuous, rather than the var-

ious histologic types of ovarian carcinoma (serous, en-

dometrioid, and clear cell carcinoma), which have a Müller-

ian phenotype. Accordingly, it has been argued that OSE

undergoes a process termed “metaplasia” to account for this

profound morphologic transformation. Recent molecular and

anatomopathological studies not only have failed to support

this hypothesis but also have provided evidence that EOC

stems from Müllerian-derived extraovarian cells that involve

the ovary secondarily, thereby calling into question the very

existence of primary EOC. This new model of ovarian car-

cinogenesis [2] proposes that fallopian tube epithelium (be-

nign or malignant) implants on the ovary to give rise to both

high-grade and low-grade serous carcinomas, and that en-

dometrial tissue implants on the ovary can produce en-

dometriosis, which can undergo malignant transformation

into endometrioid and clear cell carcinoma. Considering the

large amount of new evidence, in the current paper the au-

thors aimed to elucidate the role of ovarian cancer stem cells

(CSC) in the origin, progression, and evolution of EOC.
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Summary

Ovarian cancer is one of the most frequent solid tumor that shows clearly biphasic behaviour in response to chemotherapy, with the

majority of patients who achieved complete remission after the first cycle of chemotherapy, and subsequently present a relapse which,

in most cases, leads to death. Epithelial ovarian cancer (EOC) arises as a consequence of genetic alterations that affect the cells of the

ovarian surface, which leads to changes that occur through the activation of oncogenes and inactivation of tumor suppressor genes. The

progression of EOC is characterized by a series of combined epigenetic aberrations, including the most important of those determined

by the loss of methylation of certain regions of DNA encoding genes such as Ras-association domain-containing family 1 [(RASSF1A)

tumor suppressor], death-associated protein kinase [(DAPK) protein kinase associated with the regulation of apoptosis], human sulfa-

tase-1 [(hSulf-1) sulfatase, which plays a key role in the regulation of apoptosis], breast cancer 1 gene [(BRCA1) tumor suppressor gene,

involved in the processes of DNA repair], and HOXA10 (gene required to promote many transcription factors). To date, accumulating

evidence suggests that the initial clinical response is due primarily to the therapeutic efficacy of chemotherapy against differentiated can-

cer cells that constitute the bulk of the tumor, whereas the high rate of recurrence is thought to be due to remaining drug-resistant cells,

biologically distinct, identified as cancer stem cells (CSC). Current efforts are focusing on genetic and cytological definition of CSC,

to guide the development of new diagnostic, and therapeutic perspectives.
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Materials and Methods

A comprehensive review of the literature was conducted in

order to investigate the role and the advance in research about

CSC in ovarian cancer. A detailed search of the literature was per-

formed using the key words ‘epithelial ovarian cancer’, ‘cancer

stem cells (CSC)’, ‘ovarian cancer-initiating cells (OCICs)’. Eng-

lish-language publications in PubMed and Cochrane database

were analyzed. The analysis was performed focusing on epi-

demiology, etiopathogenesis, diagnosis and therapy of EOC, and

particularly on genetic mutations.

Classification, epidemiology, and clinical characteristics
of ovarian cancers

EOC is the leading cause of death from gynecologic can-

cer in the United States and is the country’s fifth most com-

mon cause of cancer mortality in women. In 2013, it was

estimated that 22,240 new diagnoses and 14,030 deaths

from this neoplasm would occur in the United States; less

than 40% of women with ovarian cancer are cured [3]. The

estimated number of new ovarian cancer cases in Europe in

2012 was 65,538 with 42,704 deaths [4, 5]. There is varia-

tion in the incidence rate across the continent with a higher

incidence in northern European countries. The incidence of

ovarian cancer increases with age and is most prevalent in

the sixth and seventh decades of life [6]. The median age at

the time of diagnosis is 63 years, and more than 70% of pa-

tients present with advanced disease. Incidence rates have

been declining by approximately 0.7% per year between

1985 and 2001, and by 1.9% per year from 2001 to 2007 [7,

8]. Incidence varies among races, and in the United States

the delay-adjusted incidence rate is 52% higher for Cau-

casians than African Americans [9]. Although these hor-

monal, reproductive, environmental, and racial and

ethnicity factors mildly alter ovarian cancer risk, genetic

factors have the most potent impact. Ovarian neoplasms are

classified into three groups, according to the tissue of ori-

gin: epithelial, stromal and endocrine cells, and germ cells.

EOC accounts for over 90% of all ovarian malignancies

and is primarily a disease of postmenopausal women. Ovar-

ian cancer is more frequent in industrialized countries, and

available epidemiologic data suggest that environmental

factors may contribute to development of the cancer, al-

though this remains uncertain [10]. EOC can be classified

into distinct morphologic categories: serous, mucinous, en-

dometrioid, clear cell, transitional cell (Brenner tumors),

mixed, and undifferentiated type (for prevalence, see Fig-

ure 1) Papillary serous histology accounts for 75% of ovar-

ian cancers, and its histological pattern simulates the lining

of the fallopian tube. High-grade, poorly differentiated tu-

mors are the majority and are macroscopically indistin-

guishable from other epithelial tumors. Although no

universal grading schema exists for ovarian serous carci-

noma, a two-tiered system (low-grade vs high-grade) has

received increasing acceptance [11, 12]. Histologic grade is

of prognostic significance [11] and may also be of predic-

tive value in that low-grade tumors appear less responsive

to chemotherapy than high grade tumors [13-15]. Mucinous

tumors histologically resemble endocervical epithelium.

They tend to be the largest epithelial ovarian neoplasms,

but are prone to remain confined to the ovaries. En-

dometrioid tumors closely resemble the components of en-

dometrial cancer. The prevalence of endometrioid ovarian

cancers has decreased in recent years, likely due to better

pathological diagnosis, and currently they account for al-

most 10% of ovarian cancers. Endometriosis and in partic-

ular endometriotic cysts have been implicated as putative

precursor lesions to endometrioid ovarian cancer. ARID1A

mutations have been detected in endometriotic cysts and in

endometrioid ovarian cancer, suggesting a causative role

[16]. Clear-cell cancers account for about 5% of ovarian

cancers, although the incidence varies worldwide. The

prognosis for Stage 1 clear-cell cancers is relatively good.

However, advanced stage clear-cell cancers have a worse

prognosis than serous ovarian cancers as the tumours tend

to be resistant to the standard chemotherapeutic agents used

in ovarian cancer. Clear-cell cancers are also strongly as-

sociated with endometriosis and a significant proportion

carries ARID1A mutations [16]. Transitional cell carcino-

mas represent less than 1% of ovarian cancers. Primary

Figure 1. — Prevalence of EOC

subtypes.
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ovarian transitional carcinomas are rare but carcinomas

with transitional features are quite common. The majority

of the latter are variants of high-grade serous carcinomas

and exhibit WT1 positivity. Although some series have re-

ported an improved outcome for ovarian transitional cell

carcinoma, a recent Gynecologic Cancer Intergroup

(GCIG) study reported that, when controlled for other prog-

nostic factors, the outcome for patients with transitional cell

carcinoma did not differ significantly from that for patients

with serous carcinoma [17]. Undifferentiated carcinoma are

rare, and refers to tumors with no discernible histologic dif-

ferentiation or only minor areas of differentiation. Mixed

carcinomas are those containing two or more distinct his-

tologic types of cancer, with each subtype involving at least

10% of the tumor mass. The presence of serous carcinoma

or sarcoma as one of the components worsens the progno-

sis [18]. Borderline EOC (also known as ovarian cancer of

LMP, borderline ovarian cancer) is a primary epithelial

ovarian lesion with cytologic characteristics suggesting ma-

lignancy but without frank invasion and with a clinically

indolent course and good prognosis [19]. They comprise

about 10%–15% of ovarian tumours. In contrast to patients

with frankly invasive ovarian carcinoma, women with bor-

derline disease tend to be younger and are often diagnosed

with Stage I disease [20, 21].

Risk factors
The exact cause of ovarian cancer remains unknown but

many associated risk factors have been identified. Evi-

dences support the role of an excess of ovarian stimulation

of androgens on epithelial cell in increasing the risk of

ovarian carcinoma. This risk could be reduced throw fac-

tors associated with a progesterone-mediated stimulation

[22]. Progesterone antagonizes estrogen-driven growth in

the endometrium, and insufficient progesterone action

strikingly increases the risk of endometrial cancer. Epi-

demiologic studies have identified risk factors in the aeti-

ology of ovarian cancer. Woman’s reproductive history

appears to contribute significantly to her lifetime risk of

ovarian cancer. Family history (primarily patients having

two or more first-degree relatives with ovarian cancer), nul-

liparity, older age (>35 years) at pregnancy confers an in-

creased risk for cancer. Recent data suggest that hormone

therapy and pelvic inflammatory disease may increase the

risk for ovarian cancer [22-24]. No protective factors have

been identified, but it is of note the trend in decreasing in-

cidence of epithelial tumour in women using the oral con-

traceptive pill over a long period of time [25, 26]. All of

these risk factors point to ovulation being correlated with

the development of ovarian cancer.

Clinical presentation, diagnosis and prognosis
Early detection is the key to the successful treatment of

ovarian cancer, as it enhances the possibility of success of

the therapy and it improves the overall survival. However,

ovarian carcinoma is rarely diagnosed at an early stage be-

cause the disease causes few specific symptoms when it is

localized to the ovary. Abdominal discomfort, bloating, and

early satiety are the most common symptoms experienced

by women with EOC. Patients presenting with such non-

specific complaints may be found to have ascites and a

pelvic mass on physical examination. Occasionally an um-

bilical lymph node metastasis will be present (Sister Mary

Joseph’s node) or a pleural effusion will be found. The mass

on pelvic examination is frequently firm and fixed, with

multiple palpable nodularities in the cul-de-sac [27]. The

majority of patients are diagnosed with an advanced dis-

ease (Stage III and IV). About 20% of ovarian cancers are

found at an early stage, and 94% of these patients live

longer than five years after diagnosis. Instead, when the

disease is advanced, the five-year survival rate is less than

20% [28, 29]. Regarding the overall survival rate for all

types of ovarian cancer, the five-year relative survival was

about 36% during the years 1975-1977, and it increased at

45% during 1995-2002 [25]. Lastly, even if patients with

advanced disease initially respond to standard chemother-

apies, in more than 70% a relapse occurs due to chemore-

sistance mechanisms, and finally the majority die for the

disease [30]. Although screening of asymptomatic women

for ovarian cancer is not currently effective, knowledge of

ovarian cancer symptoms may help identify patients at an

earlier stage. The “Gynecologic Cancer Foundation” and

the “American Cancer Society” have suggested guidelines

in order to diagnose ovarian cancer at an earlier, more cur-

able stage. Following a full clinical assessment, measure-

ment of serum CA 125 is routinely used to aid diagnosis.

Ultrasound examination is the most useful noninvasive di-

agnostic test. Transvaginal ultrasonography has improved

the visualization of ovarian structures, thus improving the

differentiation of malignant versus benign conditions [31].

Regarding the utility of serum biomarkers to detect early

disease, it is questionable as it is elevated only in about 50%

of patients with the International Federation of Gynecol-

ogy and Obstetrics (FIGO) Stage I disease. In advanced dis-

ease, CA 125 is elevated in about 85% of patients. It is not

specific for ovarian cancer and raised CA 125 levels may be

found in non-gynecological malignancies (e.g. breast, lung,

colon, and pancreatic cancer) and benign disease (e.g. en-

dometriosis, pelvic inflammatory disease, and ovarian

cysts). Serum CEA and CA 19–9 levels are sometimes

measured in situations where it is unclear whether an ovar-

ian mass is of gastrointestinal origin or a primary mucinous

ovarian tumour. Even if several protocols have been pro-

posed, also integrating the dosage of different biomarkers,

actually, none of these has reached an elevated level of sen-

sibility and specificity [32]. Surgery is necessary for the di-

agnosis, staging, and treatment of EOC. Although most are

benign, between 13% and 21% of women undergoing sur-

gery for a suspicious adnexal mass will have an ovarian

malignancy. Recommendation for surgery depends on the
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degree of suspicion that this mass may be malignant; fac-

tors that should be considered include age, menopausal sta-

tus, family history, size and complexity of the mass,

associated symptoms, CA 125, unilaterality versus bilater-

ality, and characteristics on ultrasound. Management may

include observation with repeat examination, further radi-

ographic imaging, and laparoscopy or laparotomy depend-

ing on the clinical circumstances. 

Therapy

Primary surgical treatment of ovarian cancer has advan-

tages in terms of diagnosis, staging, and tumor debulking.

The value of debulking surgery is well established in FIGO

Stage III epithelial ovarian cancer [33]. Most women will

have widespread disease, therefore surgery alone does not

cure the disease. Neoadjuvant chemotherapy prior to sur-

gical debulking proposes to increase the proportion of pa-

tients who may be optimally cytoreduced, while decreasing

surgical morbidity and mortality [34]. Several retrospec-

tive studies have shown that there was no difference in

overall survival (OS) or progression-free survival (PFS) for

patients with advanced ovarian cancer treated with neoad-

juvant chemotherapy compared with primary debulking

surgery [35-39]. However, the result of a meta-analysis of

Bristow and Chi [40] suggested that neoadjuvant approach

was associated with a worse OS and that the definitive op-

erative intervention should be undertaken as early in the

treatment program as possible. However a more recent

meta-analysis [41] of multiply central randomized trials

concluded that survival was similar in patients treated with

neoadjuvant chemotherapy followed by interval debulking

surgery compared to primary debulking followed by

chemotherapy and criticized the meta-analysis of Bristow

and Chi [40]. Hence, even if the therapeutic benefit of

neoadjuvant chemotherapy followed by interval cytore-

duction remains controversial, it is clear that chemotherapy

has a decisive role, also in inoperable stages. Regarding

surgery techniques and management, initial surgery should

be a comprehensive staging laparotomy, including a total

abdominal hysterectomy, and bilateral salpingo-oophorec-

tomy. For a young patient who wishes to maintain fertility,

a unilateral salpingo-oophorectomy may be adequate for

select Stage I tumors and or low risk tumors. Surgical cy-

toreduction is optimal if the residual tumor nodules are less

than one cm in maximum diameter or thickness. In addi-

tion to total abdominal hysterectomy and bilateral salpingo-

oophorectomy, all involved omentum should be removed

and suspicious and/or enlarged nodes should be resected, if

possible. Those patients with tumor nodules, outside the

pelvis (presumed Stage IIIB) should have bilateral pelvic

and para-aortic lymph nodes dissection [42]. Data regard-

ing cytoreduction show that it seems to improve OS [25]

and in patients undergoing neoadjuvant chemotherapy, it

achieved a better PFS and reduction in the risk of death of

1/3 [43]. Patients who obtained major results were those

who experienced a disease-free survival (DFS) >24 months

and who underwent a radical cytoreductive surgery [44].

Interesting results in term of responses are also obtained

utilizing intraperitoneal chemocherapy with cisplatin [45].

The role of genetic mutations in the etiopathogenesis of
EOC

Ovarian cancer is the most common cause of death from

gynecological cancers in the Western world. There are many

issues in terms of early detection and therapy, most of them

related to an incomplete and fragmentary knowledge of the

molecular basis of pathogenesis and progression of the dis-

ease. There is embryological and in vitro evidence that OSE

is the origin of ovarian epithelial carcinomas. OSE is a sim-

ple mesothelium that overlies the surface of the ovary. It is

important to note that the adult OSE and the Müllerian ep-

ithelia arise from a common embryonic origin, the coelomic

epithelium. In early development, OSE cells form part of the

coelomic epithelium and the coelomic epithelium adjacent

to the presumptive gonads invaginates to give rise to the

Müllerian ducts, i.e. the primordia for the epithelia of the

oviduct, endometrium, and endocervix. The relevance of this

close developmental relationship between the OSE and the

Müllerian epithelia could explain the frequent acquisition of

architectural and functional characteristics of the Müllerian

epithelia during neoplastic progression of OSE and the sim-

ilarities between OSE-derived carcinomas and Müllerian ep-

ithelial malignancies. OSE cells from ovaries of women with

strong familial history of ovarian cancer frequently undergo

Müllerian metaplasia in adult life [46]. According to this hy-

pothesis, EOC could be considered as a result of several ge-

netic alterations involving oncogenes and oncosuppressors

with critical role in the normal regulation and development

of OSE cells (Table 1). Genetic expression changes depend-

ing on the histotype of the epithelial ovarian carcinoma: for

instance, Wilms tumor protein type 1 (WT1) is characteris-

tic for the serous subtype of ovarian carcinoma and is rarely

found in the non-serous subtypes, whereas endometrial car-

cinomas express estrogen receptors (ER), but not WT1. Fi-

nally, clear cell ovarian carcinomas are negative for ER and

WT1 expression and they do not hyper-express p53 protein

[60]. Moreover, it seems that mutations and/or hyperexpres-

sion of three oncogenes, HER-2/neu, c-myc, and KRAS and

the oncosuppressor gene p53, as well as BRACA1 and

BRCA2 genes, play a key role in etiopathogenesis of this

neoplasia [35]. Epithelial ovarian tumor progression is char-

acterized by a series of epigenetic aberrations, the most im-

portant of them are determined by methylation of DNA

caused by Ras-association domain-containing family 1

(RASSF1A) genes (oncosuppressor), death-associated pro-

tein kinase (DAPK, a protein kinasis involved in the regula-

tion the apoptosis), human sulfatase-1 (hSulf-1, sulfatases

apoptosis-related), breast cancer 1 gene (BRCA1), and

HOXA10 (key gene in promoting many transcriptional fac-
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Table 1. — Gene mutations potentially involved in the pathogenesis of epithelial ovarian cancer

Symbol Description Function(s)
Cytogenetic 

band 
Author(s)

BRCA1
Breast cancer 1, early 

onset

E3 ubiquitin-protein ligase that mediates in particular the formation of “Lys-6-linked polyubiquitin” 

chains and plays a key role in DNA repair. It is not clear whether it also mediates the formation of 

other types of polyubiquitin chains.

17q21
Aunoble et al. [47]

BRCA2
Breast cancer 2, early 

onset

Involved in the repair of DNA strand breaks and /or homologous recombination.  Might be involved 

in the S-phase checkpoint if cellular cycle regulation.
13q12.3 Aunoble et al. [47]

ABCB1 

(SKOV3)

ATP-binding cassette, 

sub-family B (MDR / 

TAP), member 1

P-glycoprotein (ABCB1, MDR1) is a well-characterized ABC Human Transporter, which is 

involved in the “multidrug resistance”.
7q21.12 Ma et al. [48]

ABCG2

ATP-binding cassette, 

sub-family G 

(WHITE), member 2

Transporter that may play an important role in the exclusion of xenobiotics. Seems to play an 

important role in the phenotype of drug resistance of different tumor cell lines.
4q22 Bapat et al. [49]

BMI1
Polycomb ring fi nger 

oncogene

Component of the Polycomb group (PCG) multiprotein PRC1, a complex required to maintain the 

repressed transcriptional state of many genes, including Hox genes, throughout development.
10p11.23 Bapat et al. [49]

NANOG Homeobox
Transcriptional regulator involved in the homeostasis of embryonic stem cells. Its action promotes 

pluripotency of embryonic stem cells and prevents their differentiation.
12p13.31 Bapat et al. [49]

NES Nestin
May play a role in the traffi cking and distribution of proteins of the Intermediate Filaments and 

potentially other cellular factors to daughter cells during division of the progenitor cells.
1q23.1 Bapat et al. [49]

POU5F1
POU class 5 homeobox 

1

Transcription factor that forms a complex with SOX2 on DNA and controls the expression of a 

number of genes involved in embryonic development, as YES1, FGF4, UTF1 and ZFP206. Critical 

for early embryogenesis and the pluripotency of embryonic stem cells.

6p21.31 Bapat et al. [49]

TP53 Tumor protein p53
It acts as a tumor suppressor in many tumor types; induces growth arrest or apoptosis depending on 

the physiological conditions and on the cell type
17p13.1 Bapat et al. [49]

ARL11 

(ARLTS1)

ADP-ribosylation 

factor-like 11
Plays a key role in apoptosis. It can act as a tumor suppressor. 13q14.2 Yang et al. [50]

CD44

Antigen (homing 

function and Indian 

blood group system)

Receptor for hyaluronic acid (HA).Mediates cell-cell interactions and cell-matrix through its 

affi nity for HA, and possibly also through its affi nity for other ligands, such as osteopontin, 

collagen, and matrix metalloproteinases (MMP)

11p13 Zhang et al. [51]

DAPK1
death-associated 

protein kinase 1

Serine/threonine kinase-dependent complex calcium/calmodulin which acts as a positive regulator 

of apoptosis.
9q34.1 Balch et al. [52]

HOXA10 homeobox A10
Sequence-specifi c transcription factor that is part of a regulation system that provides cells with 

specifi c functional polarity 
7p15.2 Balch et al. [52]

RASSF1

Ras association 

(RalGDS/AF-6) 

domain family member 

1

Potential tumor suppressor. Necessary for “death receptor-dependent” apoptosis. It mediates also 

the activation of STK4 (serine/threonine kinase 4) during Fas-induced apoptosis.
3p21.3 Balch et al. [52]

CJD

DnaJ (Hsp40) 

homolog, subfamily A, 

member 1

Absent or down-regulated in many cases of advanced ovarian adenocarcinoma, due to 

hypermethylation and allelic loss. The loss of its expression correlates with an increase in the 

resistance to antineoplastic drugs, such as cisplatin.

13q14.1 Strathdee et al. [53]

MLH1

MutL homolog 1, colon 

cancer, nonpolyposis 

type 2

It forms heterodimers with PMS2 (mismatch repair endonuclease) to form alpha MutL, a 

component of the system of the post-replicative DNA mismatch repair (MMR). DNA repair 

is initiated by muts alpha (MSH2-MSH6) or muts beta (MSH2-MSH6) that binds to dsDNA 

mismatch.

3p21.3
Ibanez de Caceres et 

al. [54]

VHL
von Hippel-Lindau 

tumor suppressor

Involved in ubiquitination and subsequent proteasome degradation through the von Hippel-Lindau 

ubiquitination complex 
3p25.3

Ibanez de Caceres et 

al. [54]

MMP1

Matrix 

metallopeptidase 1 

(interstitial collagenase)

Matrix metalloproteinases (MMPs), also called matrixins, are zinc-dependent endopeptidases that 

are the major protease involved in the degradation of ECM (extracellular matrix).
11q22.3 Yuecheng et al. [55]

SULF1 Sulfatase 1
Show aril-sulfatasys activity and a highly specifi c as endoglucosamina-6-sulfatase. It can remove 

the sulfate from the C-6 position of glucosamine in specifi c subregions of the molecule of heparin.
8q13.1 Staub et al. [56]

MYD88

Myeloid differentiation 

primary response gene 

(88)

Adapter protein involved in the signaling pathway of Toll-like receptor and IL-1, as part of the 

innate immune response
3p22 Alvero et al. [57]

NFkB

Nuclear factor of kappa 

light polypeptide gene 

enhancer in B-cells 1

NF-kappa-B is a pleiotropic transcription factor that is present in almost all cell types and is 

involved in many biological processes such as infl ammation, immunity, differentiation, cell growth, 

apoptosis, and tumorigenesis.

4q24 Alvero et al. [57]

PROM1 

(CD133)
Prominin 1

This gene encodes a transmembrane glycoprotein pentaspan. The protein is localized in 

extramembranous protrusions and often is expressed on adult stem cells, which are thought to 

function in the maintenance of stem cell properties by suppressing differentiation.

4p15.32 Curley and al. [58]

PTEN
Phosphatase and tensin 

homolog

Tumor suppressor. It acts as a dual specifi city protein phosphatase, dephosphorylating tyrosine and 

serine.
10q23.3 Yang et al. [59]
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tors) [55]. Hypermethylation of the CpG islands of gene pro-

moter is one of the earliest and most frequent alterations lead-

ing to cancer. It is an important epigenetic mechanism for

gene silencing, which may confer tumor cells of growth ad-

vantage. DNA methylation is the addition of a methyl group

at the 5 �-carbon of cytosine in CpG context, mediated by

DNA methyltransferases (DNMTs) [35]. Of note, hystonic

DNA-associated protein are involved in several modifica-

tions associated with the permissive and repressive tran-

scription of chromatin [61-63]. Hypermethylation of DNA

has a promoter function in ovarian carcinogenesis. Aberrant

methylation of normally unmethylated CpG islands, located

in the 5’ promoter region of genes, has been associated with

transcriptional inactivation of several genes in human cancer

[64]. Normal epithelial surface cells contain the methylated

CpG island in their DNA and do not express the MCJ gene

(member of the DNAJ family); Strathdee et al. [56] identi-

fied a frequent loss of methylation of the MCJ gene in this

setting of gynecological cancer. Thus, there is substantial ev-

idence for DNA methylation and epigenetic regulation in tu-

mours influencing sensitivity to platinum-based

chemotherapy and patient survival in ovarian cancer, and this

might be useful as a predictive tool for outcome and drug-re-

sistance. Finally, oncosuppressor gene silencing as

p16INK4a (4a kinase inhibitor), VHL (Von-Hippel Lindau

gene on chromosome 3) and hMLH1 (MutL homolog 1, re-

lated to hereditary nonpoliposis colorectal carcinoma), that

physiologically lead to hypermethylation of the promoters

for human carcinomas oncosuppressor, might be a possible

target for molecular diagnosis in cell from biological liquids

[57]. Molecular alteration might be related not only to ge-

netic alteration but also to the messenger RNA profiles. Re-

cent studies [65] suggest that microRNAs (miRNAs) are

involved in the pathogenesis and progression of epithelial

ovarian tumors: Wu et al. [66] has found an upregulation of

miR-199a, miR-200a, and a downregulation of miR-214 and

miR-100. Another important aspect is that the expression of

SPARC (secreted protein, acidic, and rich in cysteine)

mRNA is decreased or absent in cell lines of ovarian carci-

nomas. The hypothesis is that the methylation of the SPARC

promoter is an important factor for the genesis the progres-

sion of ovarian carcinomas [67]. DNA hypomethylation may

promote the expression of tumor suppressor genes, while

DNA hypermethylation may decrease or stop the expression

of tumor suppressor genes and cause the tumor suppressor

genes to lose function. This may result in unrestricted cell

growth and ultimately lead to tumorigenesis. DNA methyla-

tion has many advantages as a biomarker: its relative stabil-

ity (in vivo and in vitro), functional links to gene expression,

and potential to be detected in cell-free DNA from body flu-

ids.

The new horizon of experimental therapies
In order to improve the outcomes in patients affected by

ovarian cancer, many drugs are under evaluation. Regard-

ing chemotherapy, it has been observed that 5-Aza (5-Aza-

cytidine) has a role in restoring the functional expression

of E-caderin and in reducing the metalloproteinases activ-

ity. 5-Aza through stopping the aberrant methylation of

DNA, might represent a new therapeutic scenario [58]. An-

other possible target in ovarian cancer is hSulf-1. It was

characterized to be a heparin-degrading endosulfatase that

functions to desulfate cell surface HSPGs and negatively

modulate growth factor and cytokine signaling [68].

HSulf-1 protein is widely expressed in normal tissue, but

inactivated in majority of various human cancers. Re-ex-

pression of hSulf-1 in cancer cells effectively results in a

decrease of cell proliferation as well as an increase of sen-

sitivity to chemotherapy-induced apoptosis [68]. There-

fore, data suggest that hSulf-1 normally functions as a

negative regulator in cell proliferation, and an epigenetic

therapy directed against hSulf-1 might sensitize ovarian

tumors, in order to render them more vulnerable to con-

ventional first line therapies [59]. In addition, interesting

data result from Lewis Y (LeY) antigen: a difucosylated

oligosaccharide carried by glycoconjugates on the cell sur-

face. Overexpression of LeY is frequently observed in ep-

ithelial-derived cancers and has been correlated to the

pathological staging and prognosis. The role of LeY anti-

gen as a cancer-associated antigen in tumorigenesis and

development gradually arouses more concern. It can en-

hance the proliferative and adhesive abilities of cells prob-

ably through enhancing the level of several growth factors

[70]. LeY is a potential therapeutic target for LeY-positive

cancers. Anti-LeY mAb have been shown to have excellent

specificity and potential therapeutic value in the treatment

of prostate [71], breast [72], small cell lung cancer [73],

and also in ovarian cancer it may represent a new potential

strategy in treating LeY-positive tumors [70]. Recent evi-

dence suggests that ADP-ribosylation factor-like tumor

suppressor gene 1 (ARLTS1) may act as a tumor suppres-

sor gene and facilitate chemosensitivity in ovarian cancer

cells by acting synergistic with chemotherapeutic agents

to induce the apoptosis signaling pathway and regulate

apoptosis-related proteins [53]; of note, a study of Ween et
al. [74] focused on the assembly of pericellular matrix con-

taining hyaluronan (HA) and versican. Since it has been

shown to be a pre-requisite for proliferation and migration

of mesenchymal cells, the Authors investigated whether

treatment with recombinant versican could induce the for-

mation of a pericellular matrix by ovarian cancer cells and

promote their motility, invasion, and adhesion to peritoneal

cells in vitro. They also determined whether versican-in-

duced pericellular matrix formation and metastatic cancer

cell behavior could be blocked by small HA oligosaccha-

rides. They concluded that the acquisition of a HA/versi-

can pericellular matrix by ovarian cancer cells increases

their metastatic potential. HA oligomers can block this

mechanism and might be promising inhibitors of ovarian

cancer dissemination.
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EOC’s stem cells: diagnostic and therapeutical perspec-
tives

Recent studies suggest that EOCs, like other solid tumors,

contain distinct populations of cells that are responsible for

tumor initiation, maintenance, and growth. These cells,

termed CSCs, display some of the features of normal stem

cells and are thought to evade current chemotherapeutic

strategies for the treatment of EOCs. The CSC hypothesis

provides an attractive cellular mechanism to explain the ther-

apeutic refractoriness, dormant behavior, and relapse of the

disease, which poses a major therapeutic challenge in the

case of EOC. Recently, an American Association for Cancer

Research (AACR) workshop defined CSC as a malignant

cancer cell with a stem cell phenotype [75]. Whilst the CSC

hypothesis does not specifically address the mechanisms of

malignant transformation, it has been suggested that CSCs

are the malignant counterparts of normal adult tissue SCs

which, due to dysregulated signaling pathways, are unable

to maintain stem cell homeostasis. As well as the normal

SCs, also CSCs are thought to reside at the top of the lineage

hierarchy and give rise to differentiated cells, which them-

selves have no potential for self-renewal, and therefore do

not contribute significantly to tumor growth. Due to their

long life, SCs remain in a tissue for longer periods compared

to their differentiated progeny, thereby making them more

likely to acquire transforming mutations [76]. It has been

demonstrated that CD44+CD117+ cells are often present in

EOC. There is growing awareness that EOC is genetically

and epigenetically different from normal OSE: the co-ex-

pression of epithelial and mesenchymal markers in EOC sug-

gests an involvement of epithelial-mesenchymal transition

(EMT) in cancer initiation and progression. In addition, ovar-

ian cancer initiating cells (OCIC) are surprisingly correlated

with epigenetic mechanisms of gene regulation in normal

stem cells [77]. Ovarian CSCs have a characteristic genetic

profile that allows to reform the original tumor mass, to con-

fer drug resistance, and to promote recurrence [78, 79]. Oth-

ers characteristics of CSC identified in EOC are CD44 and

MyD88 positivity (Table 2), the NFkB-complex constitutive

activation, increased production of cytokines and

chemokines, high proliferation, drug resistance, the TNF-alfa

apoptosis-mediated resistance, and the ability to recreate the

full phenotypic heterogeneity of the parent tumor [80].

Chemotherapy eliminates the majority of tumor cells, but a

nucleus of high proliferative cells with the cited characteris-

tics still remains [57]. Of note, Researchers focused on the

role of Müllerian inhibiting substance (MIS) and side popu-

lation cells. It has been found that SP cells form larger tu-

mors and have higher tumorigenic propensity than do non-SP

(NSP) cells, but did so in mouse ovarian cancer cell lines

(MOV- CAR7). These stem/progenitor cells were inhibited

by MIS, whereas the lipophilic chemotherapeutic agent dox-

orubicin more significantly inhibited the NSP cells [81].

These findings predict that chemotherapeutic agents and MIS

may differentially affect populations in human ovarian can-

cer that are relatively chemoresistant and demonstrate stem

cell characteristics. Accumulating evidence suggests that

mesenchymal stem cells are recruited to the tumor microen-

vironment; however, controversy exists regarding their role

in solid tumors. An interesting study of McLean et al. [82],

identified and confirmed the presence of carcinoma-associ-

ated MSCs (CA-MSCs) in human ovarian tumors. These

CA-MSCs had a normal morphologic appearance, a normal

karyotype, and were non-tumorigenic. CA-MSCs were mul-

tipotent with capacity for differentiating into adipose, carti-

lage, and bone. When combined with tumor cells in vivo,

CA-MSCs promoted tumor growth more effectively than did

control MSCs. CA-MSCs had an expression profile distinct

from that of MSCs from healthy individuals, including in-

creased expression of BMP2, BMP4, and BMP6. Impor-

tantly, BMP2 treatment in vitro mimicked the effects of

CA-MSCs on cancer stem cells, while inhibiting BMP sig-

naling in vitro and in vivo partly abrogated MSC-promoted

tumor growth. These data suggest that MSCs in the ovarian

tumor microenvironment have an expression profile that pro-

motes tumorigenesis and that BMP inhibition may be an ef-

fective therapeutic approach for ovarian cancer. CD44 is a

surface molecule which mediates cell adhesion and migra-

tion by binding extracellular matrix components such as

hyaluronic acid, osteopontin, or activating receptor tyrosine

kinases, which are related with tumor progression and metas-

tasis [83, 84]. Hyaluronic acid bioconjugates with paclitaxel

are being studied to enhance selective entry of cytotoxic

drugs into human EOC cells expressing CD44 and for its use

in intraperitoneal treatment of ovarian carcinoma [85].

Casagrande et al. [86] found that the subpopulation CD44+

Table 2. — Cancer stem cells membrane markers.
Membrane marker Description Authors

CD117
Known also as KIT or c-kit receptor, it is a cytokine receptor expressed on the surface

of hematopoietic stem cells.
Zhang et al. [51]

CD44
It is a transmembrane protein, monomeric, highly glycosylated whose function is to bind

hyaluronic acid and other glycoproteins of the extracellular matrix.
Alvero et al. [57]

Originally known as AC133, it is a glycoprotein also known in humans and rodents as

CD133
Prominin 1 (PROM1). It is the founder of the family of transmembrane glycoproteins

Curley et al. [58]
pentaspan. CD133 is expressed in hematopoietic stem cells, endothelial progenitor cells,

glioblastomas, neuronal and glial stem cells, and some other cell types.
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had a high expression of the genes encoding for claudin-4.

Because this tight junction protein is the natural high-affin-

ity receptor for Clostridium perfringens enterotoxin (CPE),

Authors investigated the sensitivity of ovarian cancer stem

cells to CPE treatment in vitro and in vivo. As a result, a high

expression of the high-affinity CPE receptor (claudin-4) at

both RNA and protein levels in multiple primary CD44+/NF-

KB-high/MyD88+ ovarian cancer stem cell populations was

demonstrated. These results are consistent with previous re-

ports demonstrating a high expression of the CPE receptors

in multiple primary ovarian cancer cell lines characterized

by a high resistance to chemotherapy [87], as well as the

study evaluating the proteomes of cisplatin-resistant ovarian

cancer cells by Stewart et al. [88], who also found claudin-

4 as one of the top differentially expressed proteins in cis-

platin-resistant ovarian tumors. Moreover, Alvero et al. [89]

showed that the phenyl-substituted isoflavone compound,

NV-128, can induce cell death through mitochondrial depo-

larization and mTOR inhibition. CD117, known as c-kit, is

a type III receptor tyrosine kinase involved in cell signal

transduction. It has a role in cancer initiating cells from pri-

mary human tumors, and has been used as stem cell marker

for identification and characterization of hematopoietic stem

and progenitor cells, of cardiac CD117-positive stem cells in

adult human heart, and other mesenchymal stem cells. High

expression level of CD117 was observed in ovarian cancers

[49]. Chen et al. [90] demonstrated in vitro that human EOC

CD44+CD117+ cells possessed the properties of tumor

chemoresistance to conventional therapies, such as 5FU, do-

cetaxel, cisplatin, and carboplatin. An interesting study of

Luo et al. demonstrated that CD117+ ovarian cancer cells

had the ability to self-renew, differentiate, and regenerate

tumor compared to CD117- in xenograft model [91]. Ima-

tinib, a potent CD117 (c-KIT) specific inhibitor, has been

used in clinical trials for the treatment of many types of can-

cer, including EOC [92]. Since CD117 in ovarian carcinoma

was associated with poor response to chemotherapy [90], c-

KIT could be a therapeutic target of a tyrosine kinase in-

hibitor. The glycoprotein CD133 is expressed by a number of

progenitor cells including those of the epithelium, where it is

expressed on the apical surface [93]. Regarding EOC, Fer-

randina et al. [94] demonstrated that CD133(+) cells gave

rise to a larger number of colonies and showed an enhanced

proliferative potential, compared to CD133(−) cells. The per-

centages of CD133-1 and CD133-2 epitopes expressing cells

were significantly lower in normal ovaries/benign tumors

with respect to those in ovarian carcinoma. Both the per-

centages of CD133-1- and CD133-2-expressing cells were

significantly lower in metastases than in primary ovarian

cancer. The Authors did not detect any difference in the dis-

tribution of the percentage of CD133-1- and CD133-2-

expressing cells according to anatomo-pathologic parameters

and response to primary chemotherapy. Moreover, using

flow cytometry, these Authors reported that CD133-1 and

CD133-2 were both expressed in human ovarian tumors at

higher frequency than in normal ovaries and metastatic

omental lesions. CD133-1 and CD133-2 may be useful,

therefore, to select and enrich population of CD133(+) ovar-

ian tumor cells that are characterized by a higher clonogenic

efficiency and proliferative potential [76]. In addition, a

study of Curley et al. [58] demonstrated that CD133+ cells

derived from ovarian tumors were capable of self-renewal

and were associated with increased tumor aggression in

xenografts. Of note, the association of CD133+ cells and the

aldehyde dehydrogenase (ALDH), a useful marked used for

solid tumors, has been studied as a possible set of markers to

identify ovarian CSCs. Recent data show that the presence of

ALDH(+) CD133(+) cells in debulked primary tumor spec-

imens correlated with reduced DFS and OS in ovarian can-

cer patients [95]. Chefetz et al. [96] investigated the role of

NF-kB in the EOC stem cells. Previous data have shown that

EOC stem cells are characterized by constitutive NF-kB ac-

tivity as well as constitutive cytokine secretion [57, 97, 98].

Aurora-A kinase (Aurora-A) is associated with tumor initia-

tion and progression and is overexpressed in numerous ma-

lignancies. In this study the Researchers showed that

Aurora-A was overexpressed in ovarian cancer cells com-

pared to OSEs, and described the effect of Aurora-A inhibi-

tion in EOC stem cells using a specific inhibitor, MK-5108.

MK-5108 decreased the growth of EOC stem cells, induced

the formation of multi nucleated cells and arrest the cells in

G2/M phase. Moreover, MK-5108 abrogated the NFκB ac-

tivity, as well as cytokine and chemokine secretion in the

EOC stem cells [96]. The subpopulation isolation from the

SKOV3 cell line offers a suitable in vitro model for studying

ovarian CSCs in terms of their survival, self-renewal, and

chemoresistance, and for developing therapeutic drugs that

specifically interfere with ovarian CSCs [48]. Zhao et al. [99]

studied the inhibitory effect of human umbilical cord mes-

enchymal stem cells infected by an adenoviral vector con-

taining interleukin 12 gene on the proliferation of ovarian

carcinoma SKOV3 in vitro and the growth of tumor explants

in nude mice. Using this approach they observed an inhibi-

tion of the proliferation, an induction of apoptosis of ovarian

carcinoma SKOV3 cells in vitro, and a suppression of the

growth of ovarian cancer explants in nude mice. More re-

cent studies have been proposed to identify CSC by using

approaches based on the expression of markers as POU5F1

(OCT4: octamer-binding transcription factor 4), NANOG (a

transcription factor expressed in embryonic stem cells),

BMI1 (polycomb ring finger oncogene), NESTIN (interme-

diate filament type 4 protein), and ABCG2 (ATP-binding

cassette sub-family G member 2), that are in compliance with

functional in vitro and in vivo assays. It might be beneficial

to develop a targeted therapy directed against CSC and to

use it in order to improve the effect of conventional

chemotherapies. In this setting, an immunotherapic proce-

dure has been tested, based on the findings that EOC ex-

presses well-defined target antigens that are capable of

stimulating an antitumor immune response [100]. A subset of
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OVCA cells with a CD44+ phenotype was isolated in sam-

ples from patients with OVCA that possessed CSC proper-

ties and the use of immunotherapy using fusions of dendritic

cells and OCIC to specifically target the OCIC subpopula-

tions was explored. Fusion cells prepared in this way acti-

vated T cells to express elevated levels of IFN-γ with

enhanced killing of CD44+ OVCA cells. A combined ther-

apy may represent a promising approach for the treatment of

OVCA, since conventional therapies kill the bulk of tumor

cells, whereas OCIC-reactive cytotoxic T lymphocytes po-

tentially target the resistant OCIC fraction [101].

Conclusion

In the last years, a growing scientific knowledge about

the molecular pathways involved in ovarian carcinogenesis

has led to the discovery and evaluation of several novel mo-

lecular targeted agents, with the aim to test alternative mod-

els of treatment in order to overcome the clinical problem

of resistance. Ovarian cancer patients initially respond well

to surgical cytoreduction and chemotherapy, but the ma-

jority of patients who respond to primary chemotherapy ul-

timately develop recurrent, usually drug-resistant, disease

that is conceivably due to the ability of ovarian cancer stem

cells to escape these drugs. Data suggest that EOCs, like

other solid tumors, contain distinct populations of cells that

are responsible for tumor initiation, maintenance and

growth. These cells, termed cancer stem cells, display some

of the features of normal stem cells and are thought to

evade current chemotherapeutic strategies for the treatment

of EOCs. Distinguishing CSC-associated antigen profiles

may elucidate novel, more sensitive biomarkers for early

detection of EOCs and provide molecular targets for the

development of new treatment modalities. It has become

imperative to further investigate normal adult ovarian stem

cells in order to elucidate their potential role in ovarian can-

cer onset, since there is an urgent need for better predictive

molecular markers that characterize early oncologic trans-

formation to permit earlier detection, to uncover additional

therapeutic targets, and to change therapeutic protocol.
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