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Abstract: Ovarian cancer is the fifth leading cause of cancer deaths among women and the most common type of 
gynecologic malignancy. Despite advances in surgery and chemotherapy, the survival rate of patients with 
epithelial ovarian cancer is still low. For a whole decade, that situation has not improved. Most ovarian cancer 
patients relapse and become drug-resistant. Increasing evidence has suggested that tumor growth capability is 
dependent upon cancer stem cells (CSCs) that represent a small subset of cells within a variety of human tumors. 
In immunocompromised mice, CSCs were assayed by their ability to initiate tumor growth. Although still being 
explored, the ovarian CSCs, which have been found in several ovarian cancer cell lines, are within a mixed 
population of cells derived from the ascites of a patient with advanced ovarian cancer. Hope may lie in killing of 
the ovarian CSCs. They are also likely to be the therapeutic target in the treatment of epithelial ovarian cancer. 
Thus, a thorough understanding of CSCs’ biology, particularly of how they differ from ordinary cancer cells and 
normal stem cells, might lead to a more effective ovarian cancer therapeutic strategy involving the selective 
targeting and elimination of ovarian CSCs.  
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Cancer stem cells in various tumors  
 
Two models explain tumor development. The 
first, termed the stochastic model, assumes 
that every cancerous cell has the capacity to 
extensively proliferate and regenerate a tumor. 
This model assumes that all cancer cells have 
an equal probability of regenerating a tumor. 
In contrast, the model of the cancer stem cell 
(CSC) assumes that only a very small subset of 
cells within the tumor population actually has 
the capacity to initiate and sustain tumor 
growth [1]. As we have known, human stem 
cells (HSCs), one of master cells in human 
body, are unspecialized cells with the same 
lineage. Unlike mature cells with permanently 
committed fate, HSCs are capable of dividing 
throughout life and creating highly specialized 
cells for cell renewal and tissue repair. On the 
other hand, CSCs are a subpopulation of 
tumorigenic cancer cells that possess 
properties of HSCs. Thus, they are sharply 
different from the bulk of cancer cells that are 

believed to be non-tumorigenic. Indeed, 
increasing experimental evidence suggests 
that a distinct population of CSCs persist in 
tumors that may engender tumor relapse and 
metastasis [2-8].  
 
Technical advancements in stem cell biology 
help to identify stem cells in tumors. These 
methods include: cell isolation using serial 
dilution and serial transplantation, side 
population (SP) sorting, and transplantation 
into immunodeficient mice.  
 
Side population cell sorting has been used to 
enrich stem cell compartments in diverse 
tissues and organs. SP cells are detected by 
their own ability to efflux Hoechst 33342 dye 
through an adenosine triphosphate (ATP)-
binding cassette (ABC) membrane transporter 
[9-11].  
 
Through fluorescence-activated cell sorting 
(FACS) and with knowledge of the cell surface 
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phenotypes for HSC and progenitor cells, John 
Dick and colleagues isolated and identified 
CD34+CD38- leukemic stem cells from human 
acute myeloid leukemia and, after comparing 
them with the CD34+CD38+and CD34- 
fractions [2], demonstrated that the stem cells 
initiated leukemia in NOD-SCID mice.  
 
Using similar approaches and principles over 
the last 10 years, scientists have prospectively 
identified solid tumor stem cells from a variety 
of cancers, including isolating a minor distinct 
tumor cell population in breast cancer. This 
tumorigenic cell population was identified 
based on its cell surface phenotype, which was 
lineage-CD44+CD24-/low and able to form 
mammary tumors in NOD-SCID mice, whereas 
cells with alternative phenotypes, even when 
implanted at significantly higher cell numbers 
[12], were non-tumorigenic. Tumorigenic cells 
can be serially passaged, demonstrating self-
renewal capacity, generating tumor 
heterogeneity, and producing differentiated 
non-tumorigenic progeny. A similar finding was 
made in a human brain tumor as it was known 
that normal neuronal stem cells express the 
marker CD133. As few as 100 CD133+cells 
from human brain tumors initiated new tumors 
in the brains of immunocompromised mice, 
while CD133- cells did not contain any tumor-
initiating activity [13].  
 

This result was also obtained with cells 
isolated from multiple myeloma [14], head and 
neck squamous cell carcinoma (HNSCC) 
[7,15], pancreatic cancer [4,16], colon cancer 
[5, 8], and prostate cancer [3,17], etc. The 
specific cell surface biomarkers of CSC 
populations from these human solid tumors 
are summarized in Table 1. 

Table 1. Cell surface biomarkers associated with different cancer stem cells 
Tumor type  Cell surface markers  References  

Acute myeloid leukemia  CD34+CD38-  (2)  

Breast cancer  CD44+CD24-ESA+  (12)  

Brain cancer  CD133+  (13)  

Colon cancer  CD133+  (5,18)  

Head and neck cancer  CD44+  (7)  

Prostate cancer  CD44+  ( 17)  

Multiple myeloma  CD138-  (14)  

Metastatic melanoma  CD20+  ( 19)  

Colorectal cancer  EpCAMhigh 
CD44+CD166+ 

(20)  

Pancreatic cancer  CD24+CD44+ESA+  (4)  

Lung adenocarcinoma  Sca1+CD45-Pecam-
CD34+ 

( 20)  

Bone sarcoma  Stro1+CD105+CD44+  ( 21)  

Hepatocellular carcinoma  Very heterogeneous  ( 22)  

 

 
Epidemiology of ovarian cancer 
 
Epithelial ovarian cancer (EOC), originating 
from the surface epithelium of the ovary 
[23,24], consists of various histologic 
subtypes of Mullerian origin. It is the fifth 
leading cause of cancer deaths among women 
and the most common type of gynecologic 
malignancy. The poor ratio of survival to 
incidence in EOC results from the high 
percentage of cases diagnosed at an 
advanced stage. Despite advances in surgery 
and chemotherapy, the survival rate of 
patients with EOC stands at just 45% at 5 
years, a statistic that has not changed over the 
last decade. Most patients relapse and 
become drug-resistant [25-28]. Complicating 
matters is that significant heterogeneity exists 
within the EOC group. For example, 
histologically defined subtypes such as serous, 
endometrioid, mucinous, low and high-grade 
malignancies all have variable clinical 
manifestations and underlying molecular 
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signatures. Chemotherapy alone can lead to 
massive cytoreduction but seldom cures the 
disease. The majority of patients who respond 
to primary chemotherapy ultimately develop 
recurrent, usually drug-resistant, disease for 
reasons that are still unknown [29]. CSCs, like 
somatic stem cells, are thought to be capable 
of unlimited self-renewal and proliferation. 
Therefore, tumor stem cell escape from innate 
somatic niche regulators might occur due to a 
variety of factors including: ovarian cancer 
progression, resistance to chemotherapy, 
recurrence and metastasis. Further, an 
explanation for the histologic heterogeneity 
often found in tumors [30-33] might be that 
CSCs are multipotent. 
 
Architecture of the ovarian epithelium and its 
profile during development 
 
As shown in Figure 1 [34], ovarian surface 
epithelial cells vary in type from simple 
squamous to cuboidal to low pseudostratified 
columnar. The surface epithelium is supported 
over the ovarian cortical interstitium (tunica 
albuginea) by a basement membrane and is 
held together laterally by desmosomes and 
gap or tight junctional complexes. Surface 
cells are continuous at the hilum with the 
mesothelium of the ovarian ligament 
(mesovarium) and peritoneum. Ovarian 
surface epithelial cells have a mesodermal 
derivation shared with the epithelia of the 
urogenital system and adrenal cortex. 
Mesoderm segregates during embryonic 

development into pluripotent 
mesenchyme and coelomic 
epithelium. Mullerian 
mesothelium is the precursor of 
oviductal, endometrial, and 
cervical epithelia. The ovarian 
surface epithelium 
differentiates after invagination 
of the coelomic mesothelium 
over the gonadal ridges 

,36]. 

to CSCs and malignant 
rogression [39]. 

nce for ovarian epithelial 
ancer stem cells 

 been done by investigators 
n CSCs in EOC.  

[24,35
 
As aforementioned, HSCs have 
the remarkable potential to 
develop into many different cell 
types in the body. Serving as a 
sort of repair system for the 
body, they can theoretically 
divide without limit to replenish 
other cells as long as the 
person or animal is still alive. 
Quiescent somatic stem cells 

reside in specific tissue niches and may be 
activated by injury or other stimuli emanating 
from skin and hair follicles, mammary glands, 
intestines, and other organs [37]. The evolving 
evidence that somatic stem cells contribute to 
normal tissue repair and regeneration 
suggests the potential for multipotent somatic 
stem cells in the ovary to be responsible for 
regulated surface epithelial repair after 
ovulatory rupture and possibly the generation 
of oocyte nurse cells for folliculogenesis [38]. 
Ovarian somatic stem cells would be expected 
to divide asymmetrically, yielding both a 
daughter cell that proceeds to terminal 
differentiation for epithelial repair and an 
undifferentiated self-copy. Repeated 
asymmetric self-renewal sets the stage for 
somatic stem cells or their immediate 
progenitors to accrue mutations over time, a 
phenomenon that might lead to their 
transformation in

Figure 1. Three-dimensional view of mammalian ovarian architecture. 

p
 
Experimental evide
c
 
As mentioned above, several human primary 
tumors and human cancer cell lines were 
shown to possess CSCs. Although it is very 
limited, work has
o
 
For example, Bapat and colleagues presented 
direct evidence that the aggressiveness of 
human ovarian cancer may result from 
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transformation and dysfunction of stem cells 
in the ovary. They isolated a single tumorigenic 
clone among a mixed population of cells 
derived from the ascites of a patient with 
advanced ovarian cancer. During the course of 
this study, another clone underwent 
spontaneous transformation in culture. Both 
transformed clones possess stem cell-like 
characteristics and, although further 
maturation and tissue-specific differentiation 
was arrested, differentiate to grow in an 
anchorage-independent manner in vitro as 
spheroids. Tumors established from these 
clones in animal models are similar to those in 
the human disease in their histopathology and 
cell architecture and the tumorigenic clones. 
Even when involved in serial transplantation, 
they continue to establish tumors, thereby 
confirming their identity as tumor stem cells 

0].  

varian cancer’s 
ften increasing aggression.  

nic efficiency 
nd proliferative potential [42].  

icate the mesothelial 
ature of the cells [40]. 

en found from the surface of 
varian CSCs.  

[4
 
Szotek and colleagues identified and 
characterized SP cells from two distinct 
genetically engineered mouse ovarian cancer 
cell lines. They used Hoechst 33342 to isolate 
SP from these cell lines to define candidate 
CSCs. In vivo, when equal numbers of SP and 
non-SP cells were injected into the dorsal fat 
pad of nude mice, mouse SP cells formed 
measurable tumors sooner than non-SP (NSP) 
cells. They also found that Mullerian inhibiting 
substance (MIS) inhibited the proliferation of 
both SP and NSP cells, whereas the lipophilic 
chemotherapeutic agent doxorubicin more 
significantly inhibited the NSP cells [41]. Their 
findings suggest that CSCs are within EOC and 
that its underlying cause might be stem cell 
transformation. Further, the continuing 
stochastic events of stem and progenitor cell 
transformation may define o
o
 
To investigate whether ovarian cancer cells 
express somatic and CSC surface markers as 
well as to identify differential expression 
between CSCs and non-CSCs, investigators 
analyzed mouse and human ovarian cancer 
cells. Stem cells isolated from the nervous 
system and prostate express CD133 antigen. 
As such, they are widely used to isolate 
hematopoietic stem and progenitor cells. 
Ferrandina G and colleagues investigated the 
expression of the CD133-1 and CD133-2 
epitopes in primary ovarian tumors. The 
results demonstrated that CD133(+) cells gave 
rise to a larger number of colonies than those 
documented in a CD133(-) population. 

Moreover, CD133(+) cells showed an 
enhanced proliferative potential compared to 
CD133(-) cells. The percentages of CD133-1- 
and CD133-2-expressing cells were 
significantly lower in normal ovaries/benign 
tumors with respect to those in ovarian 
carcinoma. Both the percentages of CD133-1- 
and CD133-2-expressing cells were 
significantly lower in omental metastases 
compared to those in primary ovarian cancer. 
CD133-1 and CD133-2 may be useful, 
therefore, to select and enrich the population 
of CD133(+) ovarian tumor cells that are 
characterized by a higher clonoge
a
 
Bapat and colleagues found that the growth 
factor receptors c-met and epidermal growth 
factor receptor were upregulated in ovarian 
CSCs as was the surface adhesion molecule 
CD44. They also expressed E-cadherin. 
Correspondingly, Snail, a known mediator of 
epithelial-mesenchymal transition through 
transcriptional repression of E-cadherin in 
ovarian cancer, was expressed in some CSC 
clones and to a lesser extent in others. These 
expression patterns ind
n
 
Szotek and colleagues’ results showed, 
compared with NSP cells, the MOVCAR 7 SP 
cells were enriched in number of cells and 
intensity of expression of c-kit/CD117 (stem 
cell factor receptor), whereas 4306 and 
human SP and NSP cells did not express c-kit. 
MOVCAR7 SP and NSP cells strongly express 
the tumor metastasis marker CD 44 
(hyaluronic acid receptor), whereas 4306 cells 
and most human ovarian cancer cells do not. 
MOVCAR 7 and 4306 SP and NSP cells did not 
express CD24, CD34, CD105, CD133, or Sca-
1. Human cell lines and ascites cells showed 
variable expression of the epithelial cell 
marker epithelial-specific antigen/Ep-
CAM(epithelial specific antigen) and CD24. 
These markers, aside from c-kit in MOVCAR 7, 
did not add to the consistent SP phenotype 
and Bcrp1 immunostaining they have 
observed in identifying putative ovarian CSCs 
in both the mouse and human [41]. All these 
findings tell us that, up to now, no specific 
marker has be
o
 
Wani et al. described a strategy to explore 
genetic drift in the mitochondrial genome 
accompanying varying stem cell dynamics in 
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EOC. A major and novel outcome is the 
identification of a specific mutant 
mitochondrial DNA profile associated with the 
CSC lineage that is drastically different from 
the germ line profile. Continuing mutagenesis 
in subsets with a mutant mitochondrial 
genome could result in transformation through 
a cooperative effect with nuclear genes. A 
representative example in their study is a 
tumor suppressor gene- cAMP responsive 
element binding protein. This specific profile 
could be a critical predisposing step 
undertaken by a normal stem cell to overcome 
a tightly regulated mutation rate and DNA 
repair in its evolution towards tumorigenesis 
[43]. These findings suggest that varying stem 
cell dynamics and mutagenesis define the CSC 
progression that may clinically translate into 
increasing tumor aggression with serious 

rognostic implications. 

onclusion and future perspectives 

erapeutic strategies against 
arian cancer. 
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Despite advances in surgery and 
chemotherapy, most patients with ovarian 
cancer relapse and become drug-resistant. 
Therefore, the goal of existing therapies for 
ovarian cancer is to eliminate the bulk of cells 
within the ovarian tumor. Current treatment 
strategies cannot cure the disease. One 
reason may be that existing therapies fail to 
kill ovarian CSCs effectively. After all, normal 
stem cells from various tissues appear to be 
more resistant to chemotherapeutic reagents 
than do mature cell types and 
characteristically express drug-resistance 
proteins. If this were true of ovarian CSCs, 
therapies that are more specifically directed at 
the CSC might result in more durable 
responses for primary as well as metastatic 
disease. Further characterization of the 
tumorigenic populations will allow for the 
identification of molecules expressed in CSCs 
that could then serve as targets. With these 
targets known, this fraction of cancer cells that 
can rapidly develop the critical tumor cell mass 
can be eliminated. Consequently, defining the 
unique properties of ovarian CSCs remains a 
high priority for developing early diagnostic 
and effective th
ov
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