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Introduction
Ovarian cancer (OC) is the most lethal gynaecological malignancy
accounting for 4128 deaths in UK in 2014, equivalent to 56% of cases
diagnosed in that year.1 Approximately 90% of OC are epithelial,
and the rest are stromal tumours and germ cell tumours.2 Epithelial
ovarian cancer (EOC) includes many histologic subtypes, which
differ in their origin, pathogenesis and molecular alterations.
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Roles of stem cells in EOC initiation
The cell of origin of epithelial ovarian cancer (EOC) has been
debated for a long time, and many theories were postulated based
on clinical evidence or mouse models, with the dualistic model for
ovarian carcinogenesis (intra-ovarian and extra-ovarian origins) being
proposed and accepted during the last decade.3 Historically, it was
believed that EOC originates from the ovarian surface epithelium
(OSE), being the only epithelial cells in the ovary. This theory has
been questioned because of the differences in histology and embryonic
origin between OSE (single layer of squamous to cuboidal mesothelial
cells) and EOC (resembles müllerian-duct derived epithelium).
Although, no clinical data supported this hypothesis, results from
genetically-engineered mouse models proved it could be accepted.
EOC models driven by recombination of floxed genes exclusively in
the OSE of the mouse ovary were developed and represented 4 main
histotypes of EOC (serous, endometrioid, mucinous and clear cell).4‒7
According to the theory, epithelial cells at the site of continuous
rupture and repair are highly susceptible for mutations. When these
cells are trapped inside the ovary during ovulation, they form inclusion
cysts. These epithelial cells in the cyst, supported by paracrine signals
coming from the surrounding niche (inflammatory mediators and
steroidal hormones) as well as autocrine signals from inside the cells,
accumulate mutations and undergo metaplastic transformation into
müllerian epithelium, a pre-requisite for neoplasia. According to the
type of mutations happening in the cells, as well as factors present in
the surrounding niche, differentiation into different histotypes of EOC
happens.8,9
With the recent isolation and characterization of stem cells from
the OSE,10,11 this theory could gain more acceptance and be refined.
Ng and colleagues showed that, in addition to the hilum,10 stem cells
are present at cleft regions between growing follicles or corpora lutea
and are abundant at the ovulatory rupture sites.11 If SCs are trapped
inside the ovaries during ovulation, interacting with the surrounding
niche might initiate tumourigenesis and different histologic types
arising could be explained in terms of the differentiating capacities
of stem cells.12

Targeting ovarian cancer stem cells: The way
forward
Cancer stem cells (CSCs) represent a very small subgroup of tumour
cells characterized by their capacity of self-renewal, differentiation
and tumour initiation.13 Unlike rapidly dividing cancerous cells, CSCs
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are quiescent, thus escaping the effects of current cytotoxic therapies
designed to destroy rapidly dividing cells. CSCs can originate by
critical mutations of normal SCs,14 or by dedifferentiation of tumour
cells.15 CSCs have upregulated DNA repair capacity, are resistant to
apoptosis and over-express ATP-binding cassette (ABC) drug efflux
transporters. They are thus believed to play a crucial role in tumour
development, chemo-resistance and relapse after initial treatment.16
CSCs from OC were first isolated from malignant ascites,17 and
thereafter from primary human ovarian tumours and OC cell lines.18,19
Ovarian CSCs are regulated by variety of genes, micro RNAs and
the surrounding tumour microenvironment (termed ‘CSC niche’).
Developmental signalling pathways, including Notch, Wnt, Hedgehog
and TGF-β have been implicated in the regulation of CSCs including
ovarian CSCs.20
Targeting CSCs appears attractive and several approaches are
currently being developed. One approach is to target regulatory
signalling pathways of CSCs e.g. Wnt signalling. A new Wnt
antagonist, OMP-54F28, was recently developed and tested.
Preclinical studies showed reduced tumour growth and decreased
CSC frequency when OMP-54F28 was used as a single agent or in
combination with other chemotherapeutic agents. A phase 1B trial
is ongoing to study OMP-54F28 in combination with paclitaxel and
carboplatin in ovarian cancer.21
Another approach is to use immunologic therapy, with antibodies
to CSC-surface markers. Hyaluronic acid-cisplatin and hyaluronic
acid-paclitaxel conjugates were both tested to target CD44-positive
cancer cells in a xenograft EOC model.22,23 Both interventions reduced
tumour growth when compared to free unconjugated cytotoxic
treatment. A third approach is to target the metabolic interaction
between CSCs and their microenvironment. Modulating energy
metabolism in ovarian CSCs using metformin was shown to restrict
the growth and proliferation of ovarian cancer stem cells in vitro and
in vivo.24
All the previous studies described in this mini-review point to
possible roles of SC in EOC pathogenesis. Targeting CSCs should be
considered in combination treatment for EOC patients in the future to
kill cancer cells and prevent tumour relapse.
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