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Failure in ovarian cancer therapy, following cytoreduction and chemotherapy, is related to the presence
of cancer stem cells - a small subpopulation of cells resistant to chemotherapy and irradiation - in the
tumour which may cause cancer relapse and manifestation of metastases. Therapies targeted at Cancer
Stem Cells (CSCs), such as those employing metformin (a drug used in the treatment of diabetes type II)
and salinomycin, an antibiotic isolated from Streptococcus albus bacteria, seem promising. Anti-
angiogenic therapy with bevacizumab was found to be effective in all phases of ovarian cancer treat-
ment. The presence of CSCs has been associated with angiogenesis. Several CSC biomarkers correlate
with the markers of angiogenesis and some signalling pathways, e.g. Notch, and are used by both CSCs
and by pro-angiogenic factors.

© 2017 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Numerous studies indicate that standard treatment with cyto-
static drugs linked to anti-angiogenic therapy targeted at cancer
stem cells (CSCs) may be effective in the treatment of many ma-
lignant tumours, including ovarian cancer. Ovarian cancer is the
leading cause of death from among all gynaecological malignant
tumours. About 70% of such tumours are diagnosed at advanced
i).

erved.
clinical stages, the majority reach full remission following cytor-
eduction and chemotherapy. Nevertheless, in 75e85% of ovarian
cancer cases relapses, linked to resistance to the applied therapy
and an unfavourable course of the disease, develop within 2 years.
5-year survival is achieved by less than 30% of ovarian cancer pa-
tients [1e4]. Identification of molecular mechanisms involved in
cancer growth, invasion and metastases has resulted in the intro-
duction of promising targeted therapies. These include anti-
angiogenic treatment involving the administration of VEGFR in-
hibitors like monoclonal antibody Bevacizumab (Avastin) and other
agents such as Cediranib, Pazopanib, Nintedanib (Fig.1), application
of PARP enzyme inhibitors in BRCA1/2 mutations carriers Olaparib
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Fig. 1. Chemical structure of cediranib, pazopanib, nintedanib and olaparib.
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(Lynparza) (Fig. 1) and attempts to use specific antibodies to block
key immunological points PD-1/PD-L1 like Nivolumab (Opdivo)
and Pembrolizumab (Keytruda) [5e8].

Recent studies have revealed that the principal cause of cancer
relapse and metastases involves cancer stem cells (CSCs), poten-
tially linked to cancer progression through several mechanisms,
including the promotion of angiogenesis [9e11].

2. Cancer stem cells (CSCs)

CSCs constitute a small cell subpopulation in the tumour,
comprising less than 2e5% of the tumour mass and are resistant to
standard treatment with chemotherapy and radiotherapy. In
ovarian cancer, the term ovarian cancer initiating cells (OCICs) is
also applied. CSCs were isolated for the first time from serous
ovarian carcinoma in 2005, in India [12e16].

Resistance to treatment with cytostatic drugs and irradiation
reflects the unique properties of CSCs, mainly self-renewal, asym-
metric cell division, existence as dormant cells (persisting in the G1
or G0 cell-cycle phase), their ability to differentiate, to repair DNA,
to express various genes and their ability to take advantage of
certain signalling pathways (including Wnt, Notch and Sonic
hedgehog (Shh)) [12,13,17e21].

Studies continue into the identification and isolation of CSC
biomarkers. Table 1 shows selected CSCmarkers found to be typical
of ovarian cancer.

Signalling pathways are engaged in the self-renewal of CSCs.
According to numerous studies the following are of key impor-
tance: Notch, Wnt/bcatenin and Sonic Hedgehog. The activation of
Table 1
Characteristics of selected CSC markers in ovarian cancer.

Cancer Stem Cell Markers Characteristics

CD44þ
CD117þ(c-kit)

linked to chemoresistance to cisplatin, carboplatin and fl

cytostatic drugs in the cells (ABCB1/MDR1) responsible
CD133þ(promin 1)
ALDH1A1

participate in resistance to platine and taxanes

Oct-4 (POU5F1)
NANOG
BMI1
Nestin

active in self-renewal of CSCs,
linked to resistance to cytostatic drugs
Wnt/bcatenin is highly significant in chemoresistance to cisplatin
and paclitaxel [12,16,20,21,29].

Studies on CSCs indicate their heterogeneity: according to
Tomao et al. [20] and Zeng et al. [26], a specific portrait of CSCs for
each type of ovarian cancer as well as also for primary and relapsing
cancers may exist, complicating targeted therapy. Attempts to treat
ovarian cancer through the eradication of CSCs using metformin,
salinomycin, Clostridium perfringens enterotoxin (CPE) continue
[30e34].

Metformin (Fig.2), an oral biguanide used worldwide in the
treatment of type 2 diabetes, has gained significant attention as an
anti-cancer drug. Taking into account extensive reports of its
in vitro and in vivo anti-tumour activity, many clinical trials have
recently been presented in literature [35,36]. A study by Dilok-
thornsakul et al. [32] indicated that metformin significantly
decreased the incidence of ovarian cancer in type 2 diabetic pa-
tients. Thus, metformin has the potential to positively influence
prevention and survival of patients with diabetes type 2. A lot of
in vitro studies support the efficacy of metformin in cancer therapy
and prevention. It has been proved that metformin inhibits prolif-
eration and also metastasis and angiogenesis in ovarian tumors
in vivo. Moreover, metformin treatment increases AMPK activation
in the tumor. AMPK inhibits the activity of mTOR in the phos-
phoinositide 3-kinase/Akt/mTOR signal transduction pathway,
which stimulates cellular proliferation. AMPK is also known to
inhibit cell cycle progression via the activation of tumor protein p53
[37]. Additional mechanisms of metformin that do not involve
AMPK have been also reported. Metformin inhibits cell cycle pro-
gression by decreasing the cyclin D1 expression [38] or by
References

uorouracil; it may reflect a high expression of genes resistant to
for the ejection of the drug from the cell

[12,17,22e24]
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Fig. 2. Chemical structure of salinomycin and metformin.
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inhibition of telomerase activity [39]. Gotlieb et al. have reported
that metformin is able to inhibit tumor growth and induces
apoptosis in OVCAR-3 and OVCAR-4 cells in a dose-dependent
manner in vitro and that metformin in combination with cisplatin
enhanced this pharmacological effect [40].

Although metformin seems to be promising as a cancer che-
mopreventive or therapeutic drug, the principal issue is whether
metformin is also effective in cancer clinical trials for nondiabetics
(Table 2) [41].

One of the most important properties of metformin relates to its
ability to restrict the growth and proliferation of ovarian cancer
stem cells in vitro and in vivo. The data obtained by Shank et al.
demonstrated that metformin can specifically hinder the growth of
ovarian CSC. These results provide a rationale for using metformin
to treat ovarian cancer patients [42].

Currently, well-conducted controlled clinical trials to confirm
the effects of metformin on ovarian cancer survival and ovarian
cancer prevention are ongoing. (Table 2).

A new and one of the most potential drug candidates which has
prospects of use in anti-CSC therapy is Salinomycin (Fig. 2) - a
polyether ionophore isolated from Streptomyces albus. Salinomycin
has become a subject of international interest since 2009, when
Gupta et al. [43] declared that this ionophore is about 100-fold
more effective against breast cancer stem cells (CSCs) than pacli-
taxel, a commonly applied breast cancer chemotherapeutic drug.
Gupta et al. have performed tests on about 16 000 biologically
active substances, of which only 32 were destroying CSCs studied
and the most effective proved to be salinomycin. The use of sali-
nomycin in mice resulted in inhibiting mammary tumour growth
in vivo and inducing increased epithelial differentiation of tumour
cells. Furthermore, salinomycin treatment resulted in the loss of
expression of breast CSC genes, previously identified by analyses of
breast tissues isolated directly from patients [43].

Major efforts have been undertaken to explain the biological
mechanism of the anti-CSC activity of salinomycin. It may prove to
be a new therapeutic tool in the treatment of cancer [31]. Since the
discovery of unusual anti-tumour activity salinomycin, this com-
pound along with its derivatives have been studied in vivo and
in vitro against different human cancer cells. Salinomycin has
shown strong activity against the proliferation of various cancer
cells, including those that displaymulti-drug resistance (MDR), and
Table 2
Selected ongoing and currently recruiting participants for clinical trials in all phases of o

Title of clinical trials

Study of metformin with carboplatin/paclitaxel chemotherapy in patients with advanc
Study of paclitaxel, carboplatin and oral metformin in the treatment of advanced stag
Evaluation of metformin, targeting cancer stem cells for prevention of relapse in gyna
Metformin hydrochloride and combination chemotherapy in treating patients with sta

fallopian tube, or primary peritoneal cancer
cancer stem cells (CSCs) [44,45]. Salinomycin has been found to
inhibit breast CSC-induced tumoursphere formation, overcome
adenosine triphosphate-binding cassette (ABC) transporter-
mediated multidrug resistance and apoptosis resistance in human
acute myeloid leukaemia stem cells, and target CSCs of hepatocel-
lular carcinoma and brain, pancreatic, lung, and prostate cancer
Additionally, the application of salinomycin has been proved to
enhance the anti-cancer effect of radio- and chemotherapy. Sali-
nomycin exhibits also significant anti-CSC activity, alone or in
combination with cytostatic drugs or tumour targeted drugs, as
recently shown in vitro and in human xenograft mice [44,45]. Up to
now, major efforts have been devoted to elucidate the biological
mechanisms of anti-tumour activity of salinomycin and it is ex-
pected that the results may provide new therapeutic strategies
based on biological modulation of salinomycin activity [46].
Combinatorial treatment of salinomycin and other anticancer drugs
such as doxorubicin, gemcitabine, cisplatin, paclitaxel, lapatinib
sensitized tumor cells reduced salinomycin toxicity, increased
apoptosis and revealed strong synergism [45].

Since then, very extensive research works have been under-
taken to explain the extremely effective anti-tumour properties of
salinomycin and up to now more than 100 publications describing
the remarkable anti-tumour properties of salinomycin have been
published [check review articles 44e45].

It has been also proved that salinomycin affects the cell cycle
progression in ovarian OVCAR-8 and OV2008 cancer cell lines as
well as two MDR ovarian NCI/ADR-RES and DXR cancer cell lines,
which are derived from parental cells. OVCAR-8 cells are sensitive
to several anti-cancer drugs, but NCI/ADR-RES and DXR exhibit
resistance to several drugs [47]. What is interesting, the tests per-
formed on different ovarian cancer cell lines clearly proved that
salinomycin causes cell growth inhibition as well as apoptosis in all
three cell lines tested via downregulation or inactivation of cell
cycle-associated oncogenes, such as Stat3, cyclin D1 and Skp2 [48].
Also salinomycin induces the process of apoptosis in cisplatin-
resistant colorectal and cisplatin-resistant ovarian cancer cells.
This happens by accumulation of ROS as well as inhibition of cell
signalling molecules, such as Akt or NF-kB [48]. Furthermore,
growth inhibitory effects of salinomycin in the ovarian A2780,
A2780-cp, C13, OV2008, OVCAR3 and SKOV3 cancer cell lines,
which are associated with the p38 MAPK activation, have been
varian cancer treatment based on metformin treatment.

ClinicalTrials.gov Identifier:

ed ovarian cancer NCT02312661
e ovarian carcinoma NCT02437812
ecological patients NCT01579812
ge iii-iv ovarian, NCT02122185
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observed in the in vivo tests [49] (Table 3).
In recent studies the effect of salinomycin on ovarian cancer

stem cells (OCSCs), both alone and in combination with paclitaxel
have been evaluated (see Table 3) [50].

All of the abovementioned activities of salinomycin suggest that
salinomycin is a new potential drug for effective ovarian cancer
treatment approach that can target cancer stem cells. Just three
years after the discovery of unusually high anticancer activity of
salinomycin, in 2012, salinomycin was approved for testing on
humans. The tests were made on a small group of patients with
invasive carcinoma of the head, neck, breast and ovary in the
screening studies [46]. Patients were administered 200e250 mg/kg
of salinomycin intravenously every second day for three weeks.
Two cases have been described in literature in details. In both cases
the administration of salinomycin resulted in inhibition of disease
progress over an extended period of time. Acute side effects were
rare and the serious long-term adverse side effects were not
observed [46].

The antiproliferative activity of different salinomycin derivatives
[51e54] such as, esters, amides, C20-acylated analogs as well as
conjugates of salinomycin with other biologically active com-
pounds (e.g. conjugate with anticancer drug floxuridine) have been
evaluated recently against several cancer lines including MDR
phenotype of cancer cells It is worth noting that many derivatives
of salinomycin showed less toxicity and stronger anticancer activity
against doxorubicin-resistant colon cancer subline LoVo/DX than
unmodified salinomycin or exhibited improved activity against
CSCs across several assays even at nanomolar concentrations. Thus,
the chemical modification of salinomycin structure can also be a
very effective way to obtain its new interesting derivatives [51e54].

Clostridium perfringens enterotoxin (CPE) involves Claudins 3
and 4, tight junction proteins in action leading to apoptosis of
CD44þ, which is resistant to paclitaxel and carboplatin [34].

Recent results have also indicated a relationship between CSCs
and angiogenesis [9e11].
3. Angiogenesis

Angiogenesis is a multi-stage process of key significance in
Table 3
Anti-tumour activity of salinomycin against ovarian cancer cells [44,50].

Cancer line Effect against cancer cells

Ovarian cancer OVCAR-8, OV2008 The viability of OVCAR-8 cell line
salinomycin, respectively. IC50 of
3.20 mM, respectively.

Ovarian epithelial cancer A2780 Salinomycin induces a moderate
at salinomycin dosages of 1e5 mM

Ovarian epithelial cancer cells (OCC) and
ovarian cancer stem cells (OCCs)

CD44þ, CD117þ

CSCs were obtained from the asc
activated cell sorting system. OCS
combination. Treatment with sal
ability of OCSCs. Treatment with P
salinomycin decreased the viabil
treatment was achieved through
Inhibition of growth of OCCs and
respectively. These findings sugg
cancer and holds promise as an o

Ovarian cancer A2780 DXR
NCI/ADR-RES

The viability of DXR and NCI/ADR
The treatment of 8 mM of salinom
and 37%, respectively. On the othe
of salinomycin.

Ovarian cancer
In vivo activity against cancer cells tested on

mice

Animal experiments were perform
salinomycin (5 mg/kg) and 5% eth
three weeks. The size of the tum
significant reduction in the tumou
tumour volume of salinomycin-tr
252.5 ± 63.4 mm3, respectively.
tumour growth and metastases. Angiogenesis is controlled by
several factors: endothelial cells, blood platelets, macrophages/
lymphocytes, fibroblasts. The best recognised proangiogenic factor
involves the VEGF (vascular endothelial factor) family, composed of
five members: VDEGF A to VEGF E, PLGF1 and 2 (platelet factor).
VEGF binds to VGFR1 and VEGFR2 receptors, promoting angio-
genesis. The binding of all VEGF isoforms to receptors can be
blocked by IgG class Bevacizumab - a monoclonal humanized
antibody. Bevacizumab (Avastin) has been the best evaluated mo-
lecular targeted therapy in the treatment of advanced and recurrent
ovarian cancer with proven clinical efficacy (Table 4) [55]. Bev-
acizumab blocks the development of new blood vessels in the
tumour, destroys existing blood vessels and reduces intratumoral
pressure, increasing the penetration of cytostatic drugs to the
tumour [56e58]. Some trials of Bevacizumab in women with
ovarian cancer have shown tumour responses and delayed disease
progression. Bevacizumab is applied in all phases of ovarian cancer
treatment: in first line therapy, as well as in relapses of platin-
sensitive and platin-resistant tumours (Table 4).

Angiogenesis inhibitors of another target point are also used. For
example Trebananib - an angiogenic protein, which is a non-VEGF-
dependent angiogenesis pathway inhibitor acting through binding
to the angiopoietins 1 and 2, to the Tie2 receptor, and thereby
inhibiting angiogenesis, provided a clinically meaningful prolon-
gation in progression-free survival. This non-VEGF anti-angiogen-
esis option for women with recurrent epithelial ovarian cancer has
been investigated in combination with additional agents such as
paclitaxel [59].

Another targeting anti-angiogenesis agent is also Pazopanib
directed at VEGF, PDGF and c-Kit and Cediranib, targeted against
VEGFR1-3 [57,58,60,61]. As regards the application of bevacizumab,
the results of the GOG 218 trial involving bevacizumab with car-
boplatin/paclitaxel, and in particular the ICON 7 trial, concerning
high-risk group patients with advanced ovarian cancer, modest
progression-free survival (PFS) was recorded [62]. In 2013, Rauh-
Hain et al. [63] presented a comparative analysis of relapse sites
in 292 patients with advanced ovarian cancer (Grade III and IV)
treated with bevacizumab or exclusively with cytostatic drugs. The
relapses following the treatment with bevacizumab were located
is reduced to about 53% and 45% after 72 h treatment of 4 mM as well as 8 mM of
salinomycin on OV2008 cell line for 24, 48 and 72 h treatment is 7.44, 4.78 and

pro-apoptotic effect on A2780 cells, particularly evident at days 2e3 of culture and
.

itic fluid of patients with epithelial ovarian cancer by using an immune magnetic-
Cs were treated with paclitaxel (PTX) and salinomycin either singly or in
inomycin alone reduced the stemness marker expression and spheroid-forming
TX alone did not decrease the viability of OCSCs. Treatment with a combination of
ity of OCSCs and promoted cell apoptosis. The enhancement of combination
the apoptosis.
OCSCs by PTX (20 nM) combined with salinomycin (0.5 mM) was 58% and 59%,
est that salinomycin and PTX could have a synergistic effect for treating ovarian
varian cancer treatment approach that can target OCSCs.
-RES cell lines is reduced to about 50% after 72 h treatment of 4 mM of salinomycin.
ycin causes reduction of viability of DXR and NCI/ADR-RES cell lines to about 43%
r hand, the cisplatin-resistant A2780 cell growth is decreased by about 55% in 5 mM

ed on 6-week-old female mice. The two experimental groups were administered
anol (vehicle), respectively, through intraperitoneal injection every other day for

our was measured every two days. Compared with the vehicle-treated controls, a
r volumewas observed in the salinomycin-treated mice. At the end of the test, the
eated and the control groups, in the C13 tumour model, was 84.2 ± 30.8 as well as



Table 4
Selected ongoing and currently recruiting participants in clinical trials in all phases of ovarian cancer treatment based on discussed anti-angiogenesis agents.

Compounds Title of clinical trials ClinicalTrials.gov Identifier:

Bevacizumab First line ovarian cancer treatment - cohort study NCT01832415
Bevacizumab plus gemcitabine, docetaxel, melphalan, and carboplatin in ovarian cancer patients NCT00583622
Bevacizumab and carboplatin for patients with ovarian cancer NCT00744718
Bevacizumab and carboplatin for patients with ovarian cancer NCT00744718
A study of the addition of avastin (bevacizumab) to carboplatin and paclitaxel therapy in patients with ovarian
cancer

NCT01239732

A study of bevacizumab in ovarian cancer or primary peritoneal cancer where doxil or topotecan therapy has
failed

NCT00097019

Study of bevacizumab/doxil in treatment of platinum-resistant/refractory ovarian cancer NCT00945139
Pilot study of taxol, carboplatin, and bevacizumab in advanced stage ovarian carcinoma patients NCT00127920

Cediranib A study of cediranib and olaparib at the time ovarian cancer worsens on olaparib NCT02340611
Efficacy and safety study of cediranib in combination with olaparib in patients with recurrent platinum-
resistant ovarian cancer

NCT02889900

A study of cediranib and olaparib at disease worsening in ovarian cancer NCT02681237
Olaparib ± cediranib or chemotherapy in patients with brca mutated platinum-resistant ovarian cancer NCT03117933
Cediranib maleate and olaparib or standard chemotherapy in treating patients with recurrent platinum-
resistant or -refractoryovarian, fallopian tube, or primary peritoneal cancer

NCT02502266

Pazopanib Pazopanib and weekly topotecan in patients recurrent ovarian cancer NCT01600573
Phase I/II study of pazopanib and cyclophosphamide in patients with platinum-resistant recurrent ovarian
cancer

NCT01238770

Phase Ib and phase II trial of pazopanib ± fosbretabulin in advanced recurrent ovarian cancer NCT02055690
Paclitaxel/pazopanib for platinum resistant/refractory ovarian cancer NCT02383251
Clinical trial investigating pazopanib in patients with platinum-resistant advanced ovarian cancer NCT01262014
Pazopanib hydrochloride, paclitaxel, and carboplatin in treating patients with refractory or resistant ovarian
epithelial cancer, fallopian tube cancer, or peritoneal cancer

NCT01402271

Trebananib
AMG 386

Study of AMG 386 in combination with paclitaxel and carboplatin in subjects with ovarian cancer NCT01253681
Trinova-1: a study of AMG 386 or placebo, in combination with weekly paclitaxel chemotherapy, as treatment
for ovarian cancer, primary peritoneal cancer and fallopian tube cancer

NCT01204749

A phase 1b study of AMG 386 in combination with either pegylated liposomal doxorubicin or topotecan in
subjects with advanced recurrent epithelial ovarian cancer

NCT00770536

A randomized, double-blind, placebo controlled, phase 2 trial of paclitaxel in combination with AMG 386 in
subjects with advanced recurrent epithelial ovarian or primary peritoneal cancer

NCT00479817
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significantly more frequently in the pleura and in the lungs and in
distant locations, while the relapses following treatment with
cytostatic drugs alone were more common in the liver.

According to Robinson et al. [64], from among 233 women
carrying grade III disease with relapses, the extraperitoneal me-
tastases (skin, brain, pleura/lung) were detectedmore frequently in
patients primarily treated with intraperitoneal chemotherapy and
then with bevacizumab. The scheme of relapses following bev-
acizumab proved to be more distinct than that in the relapses after
treatment with cytostatic drugs alone. Robinson et al. [64] specu-
lated that combinations of intraperitoneal therapy with bev-
acizumab initiate complex immune alterations in the peritoneal
cavity which reduce its properties as the site of cancer relapse.
Thus, there is a selection of extraperitoneal sites of relapse,
particularly the sites well supplied with blood, such as skin and the
central nervous system. .

Bottsford-Miller et al. [62] have reviewed the results of anti-
angiogenic agent application. When used to target VEGF, the re-
sults of ovarian cancer treatment improved but the cancer cells also
manifested resistance to the applied therapy by taking advantage of
alternative proangiogenic pathways (e.g. Ang1 and Ang2), thus
bypassing the effects of anti-angiogenic therapy.

As it has been demonstrated that relapses and metastases of
cancer may be dependent on the activity of CSCs, the link between
CSCs and angiogenesis seems a promising development in the
search for new treatment approaches.

4. CSCs and angiogenesis

The relation between CSCs and angiogenesis has been the focus
of numerous studies. Conley et al. [65] and Chau and Figg [66] have
advanced a hypothesis that inhibitors of angiogenesis induce
hypoxia, which increases tumour growth rate and metastases due
to an increase in the CSC population through the activation of the
Akt/b catenin pathway. Eyler and Rich [11] have found that CSCs
produce higher levels of VEGF in normal or hypoxic conditions than
the non-CSC population in the tumour. The increased levels of VEGF
lead to the augmented migration of endothelial cells and to the
formation of new “pipe” type blood vessels. The administration of
bevacizumab in vivo inhibited vascular growth and haemorrhages
from xenografts stemming from CSCs. CSCs and angiogenesis can
have a mutual influence and anti-angiogenic therapy may induce
HIF-1a leading to the production of VEGF and an increase in the CSC
population. According to Heddleston et al., HIF-1a participates in
CSC proliferation and self-renewal [67].

Bao et al. [68] have found that if stem cell-like glioma cells
(SCLGC) are supplemented with CSCs carrying the CD133þmarker,
the tumour develops a dense vascular supply. VEGF estimated in
the CD133 þ plus SCLGC complex manifested a ten-fold higher
expression and the addition of bevacizumab reduced tumour
growth. A similar phenomenon probably develops in cancers of
other organs.

According to the review of Zhao et al. [10] the Notch pathway
used by CSCs operates in CSCs self-renewal and angiogenesis. Tang
et al. [69] have demonstrated that CSCs can differentiate into
functional endothelial cells due to the activation of NF- kB and the
STAT3 signalling pathway promotes angiogenesis of the tumour.
Numerous CSC biomarkers show a correlation with angiogenesis
markers (VEGF, Ang1 and Ang 2, Tie, VEGF-C, PL-EGF). Furthermore,
CSCs were found to manifest expression of VEGFR, which results in
their nesting in significant metastatic sites, termed “vascular
niches”. VEGFR1þ additionally expresses VLA-4 (termed a4 and b1
integrin), whose ligand fibronectin - promotes the adherence of
circulating tumour cells forming a niche of potential properties
which are indispensable to the survival of CSCs, i.e. for self-renewal
and differentiation and additionally provide a potential site for
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cancer metastasis. The application of antibodies to VEGF1 can
destroy the vascular niche, partially preventing metastases
[6,65,66,68e70]. According to Xiang et al. [71], inflammatory cy-
tokines, components of vascular niches e.g. IL-17, can influence self-
renewal of CSCs andmetastases of cancer [70]. The vascular niche is
a complex structure composed of CSCs and the microenvironment
as shown in Fig. 3 [72,73].

Cells in the “vascular niche” have been demonstrated to exhibit
expression of SDF-1 cytokine, which attracts CXCR4 phenotype
tumour cells (Fig. 3), and may again initiate metastasis [20,24].

Moreover, a recent study has demonstrated that combinatorial
treatment of mammospheres with trastuzumab (anti- HER2
monoclonal antibody) and salinomycin efficiently targets HER2-
positive cancer cells and CSCs [74]. Overexpression of HER2 in
human tumour cells is closely associated with increased expression
of vascular endothelial growth factor (VEGF) and angiogenesis [75].
Thus, salinomycin can also help to block vascularization (angio-
genesis) for productive cancer growth and metastasis.

Very interesting and strong evidence that salinomycin inhibits
tumour angiogenesis has been given in a recent publicationwritten
by Tao Li and co-workers [76]. In this study salinomycin has been
shown to be able to directly act on both tumour endothelial cells
and tumour cells and inhibit various aspects of angiogenesis
including endothelial cell proliferation, migration and capillary
structure formation in vitro at relatively low concentrations. Sal
significantly inhibited neovascularization in vivo in a dose-
dependent manner. Detailed evaluation of salinomycin properties
has shown that this compound affects the multiple facets of
vascular endothelial angiogenic signalling through VEGFR2, via
prohibiting the binding of ATP at its binding pocket of VEGFR2. The
results suggested the possibility that salinomycin exerts its anti-
angiogenic effect preferentially via VEGFR2 signalling pathway.
This interesting paper has also shown that salinomycin suppresses
tumour growth and angiogenesis in a human gastric cancer xeno-
graft mouse model. The authors concluded that all performed
studies indicate that salinomycin is distinct from the presently used
Fig. 3. Vascular niche. Vascular endothelial growth factor (VEGF), one of the major
angiogenic factors, promotes the formation of leaky tumour vasculatures that are the
hallmarks of tumour progression. CXCR4 induced the expression of VEGF and induced
Akt phosphorylation, which resulted in upregulation of VEGF at both mRNA and
protein levels. The balance between pro-angiogenic VEGF-A and angio-inhibitory
factors (angiostatin, endostatin and tumstatin) shifts to favour the pro-angiogenic
way. Targeting VEGF and CXCR4 could provide a potential new anti-angiogenic ther-
apy to suppress the formation of both primary and metastatic tumours.
angiogenesis inhibitors; especially those used in the clinic, and can
become a promising anticancer drug candidate [76].

5. Conclusion

Ovarian cancer remains a clinical challenge and there is a need
to optimise the currently available treatment and to urgently
develop new therapeutic strategies. Several clinical trial data pro-
vide strong support for the suggestion that antiangiogenic agents
as well as anti CSCs agents have the potential to play a major
therapeutic role in this difficult malignancy.

Anti-angiogenetic agents are going to be an alternative to
standard chemotherapy in metastatic ovarian cancer patients. The
main targets of clinically approved anti-angiogenic drugs are
vascular endothelial growth factor VEGFR receptors (exemplary
agent is Bevacizumab) but also a non-VEGF-dependent angiogen-
esis pathway is possible (exemplary agent is Trebananib). These
compounds have recently been recognized as useful candidates for
clinical studies. They have been found to significantly improve both
progression-free and overall survival in different types of cancers.

On the other hand metformin e the first-line drug used for the
treatment of type 2 diabetes - is suitable for rapid clinical appli-
cation in ovarian cancer treatment because it selectively and
simultaneously targets CSCs and has relatively high safety and low
cost.

It has been proved that the natural compound salinomycin is
able to selectively kill CSCs and sensitize tumour cells at a very low
concentration over a broad range of CSCs, including ovarian cancer
stem cells. Salinomycin sensitized also tumour cells to many
currently used anticancer drugs by inhibiting many MDR genes. All
of these biological properties of salinomycin make this compound a
promising anticancer drug.

Results of the hitherto clinical studies on the combination of
anti-angiogenetic agents with anti-CSCs agents together with
chemotherapy are very encouraging, even though preliminary.
Numerous studies have indicated that traditional treatment with
cytostatic drugs or irradiation combined with anti-angiogenic
therapy and therapy targeted at CSCs may provide a reasonable
and promising option of treatment. We propose here that further
clinical studies of anti-angiogenetic agents and anti-CSCs agents in
ovarian cancer therapy should start in near future and need to be
conducted for evaluating the safety and effectiveness of these
promising anticancer drugs.

Appendix A. Supplementary data

Supplementary data associated with this article can be found in
the online version, at http://dx.doi.org/10.1016/j.ejmech.2017.06.
030. These data include MOL files and InChiKeys of the most
important compounds described in this article.
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