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Abstract

Endometrial cancer (EC) is the most common gynaecological malignancy affecting women in the western world. Cancer stem cells (CSCs)
are defined as a subset of tumour cells with the capacity to self-renew and give rise to the differentiated cells that comprise the bulk of the
tumour. Given that a rare population of epithelial stem/progenitor cells has been identified in human endometrium, it is possible that
these cells or their progeny may be the source of the putative CSCs that may initiate and maintain EC. Studies have shown that some cells
within EC have the capacity to initiate clones that undergo self-renewing cell division and form tumours in vivo that can be serially
passaged, demonstrating self-renewal, proliferation and differentiation abilities of the potential EC stem cells (ECSCs). These potential
ECSCs may be located within the tumour cell population expressing CD133 and/or within the side population. With the discovery of
markers for ECSCs, it is hoped that ECSCs can be isolated and characterised, and that their role in the development of human EC will be
further investigated. This knowledge opens the way for the development of new treatment modalities that target the CSCs, but spares
normal endometrial stem/progenitor cells and other cells. Such treatments will be particularly useful for early-stage and pre-menopausal
EC candidates where the uterus may be conserved, and for late-stage cases where hysterectomy is not curative and current treatments

target the bulk tumour cells rather than CSCs.
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The cancer stem cell concept

Many human cancers are composed of cell populations
with heterogeneous immunological and genetic profiles,
proliferation potentials and differentiation capacities
(Heppner 1984, Visvader & Lindeman 2008). To accom-
modate this heterogeneity, the cancer stem cell (CSC)
hypothesis has been proposed. CSCs are defined as a
subset of tumour cells with the capacity to self-renew
and give rise to the differentiated cells that comprise
the bulk of the tumour (Reya et al. 2001, Visvader &
Lindeman 2008, Rosen & Jordan 2009). It also suggests
that tumours are similar to an organ where there is a
hierarchy of cells with varying differentiation and
proliferation capacities.

Differences in proliferation potential of the com-
ponent cell types have been observed in numerous
cancers, where it has been demonstrated that only a few
cells from the cancer form clones in vitro (Hamburger &
Salmon 1977, Reya et al. 2001, Bapat et al. 2005, Tokar
et al. 2005, Zhang et al. 2008), and autotransplantation
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of malignant cells in humans did not always establish a
tumour (Southam & Brunschwig 1961, Visvader &
Lindeman 2008). Furthermore, several studies have
demonstrated that not all human cancer cells xeno-
grafted into immunocompromised animal models were
able to initiate tumours (Lapidot et al. 1994, Patrawala
et al. 2006, 2007, Vermeulen et al. 2008, Zhang et al.
2008). This indicates that only certain cells within the
tumour retain the capacity to initiate, maintain and
promote the development of the tumours, supporting the
CSC hypothesis.

Evidence for the CSC theory has been demonstrated in
leukaemic cells, where the CSCs represented <1% of
the total cell population (Lapidot et al. 1994, Bonnet &
Dick 1997, Rosen & Jordan 2009). It was hypothesised
that CSCs expressed cell surface markers or a com-
bination of specific markers that distinguish them from
the bulk of the tumour populations, and these can be
used to purify populations of CSCs in the same way that
normal adult stem cells (ASCs) can be isolated from the
remainder of the organ in which they reside. The CSC
theory, although controversial, has important impli-
cations for our understanding of the biology and
development of cancers and offers an alternative target
for anti-tumour therapies.
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Properties of cancer stem cells

By definition, CSCs have similar properties to ASCs.
CSCs may not necessarily acquire the first genetic
mutation that initiates tumourigenesis, but they
are the cells that maintain the tumour over time
(Visvader & Lindeman 2008). Subsequent mutations
within a cancer may create new CSCs that overtake or
coexist with the older CSCs (Visvader & Lindeman
2008). Whatever the mutation, the CSCs must retain the
capacity to self-renew. To date, the best in vivo indicator
of CSC self-renewal is the serial transplantation of CSC-
enriched populations into immunocompromised mice,
where the tumour is re-established, with a similar
phenotype to the original tumour, with each serial
xenografting (Visvader & Lindeman 2008). This tech-
nique also demonstrates that CSCs are able to give rise to
large numbers of differentiated progeny. CSCs may also
be relatively quiescent, allowing them to escape the
cytotoxic effects of chemotherapeutic agents targeting
rapidly cycling cells. Chemotherapeutic failure can also
be acquired by upregulating drug transporters (Visvader
& Lindeman 2008, Rosen & Jordan 2009), which rapidly
transport harmful agents from the cell before they exert
their effects. Emerging evidence also indicates that CSCs
may be less radiosensitive than the majority of cancer
cells (Diehn et al. 2009). It is hypothesised that CSCs
possess DNA protective mechanisms that prevent the
effects of radiation (Diehn et al. 2009).

Recent evidence indicates that CSCs may not be as
rare as originally thought (Visvader & Lindeman 2008,
Rosen & Jordan 2009). In normal organs, homoeostatic
mechanisms tightly regulate the proliferation of the
normal ASCs, maintaining their numbers at relatively
low levels. In cancer, these mechanisms no longer apply
and CSCs may self-replicate to expand the mutated stem
cell pool (Rosen & Jordan 2009). However, numbers of
CSCs are often inferred from the percentage of cells
expressing a particular surface marker phenotype, which
may also be present on more differentiated cells. CSCs
and ASCs have many similar properties which may
operate through similar molecular pathways, albeit
aberrantly in CSCs.

Source of cancer stem cells

There appear to be several sources from which CSCs can
arise. They may arise from normal ASCs, from more
restricted progenitor cells or even from differentiated
cells (Reya et al. 2001, Visvader & Lindeman 2008).
Normal stem cells are the likely targets of mutagenesis
leading to the formation of CSCs as they already possess
active self-renewal pathways, whereas induction of self-
renewal genes is required to transform differentiated
cells. Furthermore, normal stem cells are the only cells
with a lifespan long enough to accumulate the genetic
mutations that lead to tumourigenesis (Reya et al. 2001).
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To date, CSCs and their ASC counterparts have similar
surface marker phenotypes (Lapidot et al. 1994), lacking
differentiation markers, but it is unclear whether these
markers are related to stem cell functions. Finally, some
CSCs have been located in the same region as their
normal ASC counterparts, and it is possible that niche
signals attract the CSCs to the niche rather than the CSCs
arising from the normal ASC (Rosen & Jordan 2009). The
ASC niche is composed of one or more cells that protect
and maintain the ASCs in a quiescent, undifferentiated
state. Niche cells sense the environment and signal ASCs
to divide when new tissue cells are required (Fuchs et al.
2004). It is possible for progenitors and other differ-
entiated cells to give rise to CSCs, although they would
have to acquire more genetic mutations, particularly in
self-renewal genes (Visvader & Lindeman 2008, Rosen &
Jordan 2009). Similarly, it has not yet been determined
whether a mutant niche can cause a tumour. It is possible
that niche cells receive the first genetic mutations for
tumourigenesis, sending aberrant signals to the resident
ASC, conferring CSC properties. It has been hypothesised
that CSCs arising from normal stem cells result in more
aggressive cancer phenotypes, whereas those arising
from progenitor cells are less aggressive, though this
remains to be proven (Visvader & Lindeman 2008).

Cancer stem cell markers

Cells express a variety of markers on their cell surface.
The expression or absence of these markers has been
used to isolate subpopulations of cancer cells for the
examination of CSC properties. Some cell surface
markers, including CD133 (PROM1), CD44, CD24
and THY1 (Table 1), are common to several cancers
(Visvader & Lindeman 2008). Investigations into solid

Table 1 Common human cell surface cancer stem cell markers.

Additional Tumour
Marker  markers type References
CD44™" Head and neck  Prince et al. (2007)
CD24~"°%  Breast Al-Hajj et al. (2003)
EpCAMM Colon Dalerba et al. (2007)
~ CD24"ESA™  Pancreas Li et al. (2007)
CD49"  EpCAM™ Breast Lim et al. (2009)
CD1337" Gliobalastoma Singh et al. (2004)
Medulloblastoma Singh et al. (2004)
Brain Bao et al. (2006)
Colon O'’Brien et al. (2007)
Pancreas Hermann et al. (2007)
Lung Tirino et al. (2009)
Ovarian Kusumble et al. (2009)
Endometrial Rutella et al. (2009)
ALDH1™ Breast Ginestier et al. 2007
Colon Huang et al. (2009)
Lung Jiang et al. (2009)
CD90™" Liver Yang et al. (2008)
ABCB5™* Melanoma Schatton et al. (2008)
SP Mesenchymal Wu et al. (2007)
Endometrial Friel et al. (2008)
Ovarian Szotek et al. (2006)
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tumour CSC markers require further investigation as
markers in some tumours have only been investigated by
a single laboratory, different laboratories have found
different markers for the same tumour types, and a
potential CSC marker is not always expressed in every
tumour (Fillmore & Kuperwasser 2007, Visvader &
Lindeman 2008). The exact function of these markers is
yet to be determined, and they may be involved in
essential stem cell functions such as self-renewal,
although this is unlikely given that they are also present
on more differentiated cells (Visvader & Lindeman 2008).
Other markers to intracellular targets have been useful in
confirming CSC activity in a subpopulation of cancer
cells. An example is musashi-1, which appears to mark
ASCs in the intestinal and neural systems and may be
useful as a confirmatory marker in subpopulations of
cells obtained using specific cell surface markers
(Pilkington 2005).

CD133 as a cancer stem cell marker

A commonly investigated potential CSC marker is
CD133 or prominin-1, a 120 kDa five transmembrane
domain cell surface glycoprotein that may be involved in
cell—cell interactions and mature organ homoeostasis
(Ricci-Vitiani et al. 2007, Klonisch et al. 2008,
Ferrandina et al. 2009). CD133 has been identified on
0-42.1% of human colon, ovarian and prostate cancer
cells, specifically localising to the luminal surface of
colon cancer epithelial cells (Collins et al. 2005, Dalerba
etal. 2007, O’Brien et al. 2007, Ricci-Vitiani et al. 2007,
Ferrandina et al. 2008, Horst et al. 2008, Choi etal. 2009,
Chu et al. 2009). Non-adherent colon cancer cells
cultured as spheres express CD 133 and generate tumours
when transplanted into non-obese diabetic (NOD)/
severe combined immunodeficient (SCID) mice, even
after 1 year of sphere culture (Ricci-Vitiani et al. 2007,
Vermeulen et al. 2008). It is not clear whether these
spheres arose from CSCs or progenitor cells; however,
when the spheres differentiated, they stopped expressing
CD133 and lost their ability to form tumours in vivo
(Ricci-Vitiani et al. 2007, Vermeulen et al. 2008).
Furthermore, CD133 " ovarian cancer cells were more
efficient at forming clones and proliferated more
extensively than the CD133~ population (Ferrandina
et al. 2008), and in the ovarian cancer cell lines, A2780
and PEOT, the CD133" cells were more resistant to
chemotherapeutic drugs, upregulated anti-apoptoic and
development genes, and downregulated death cascade
genes, in comparison with the CD133~ population
(Baba et al. 2008). When transplanted into mice, as few
as 100 CD1337" cells isolated from primary and
metastatic colon and brain cancers, and ovarian cancer
cell lines, initiated serially transplantable tumours with
similar histoarchitecture and differentiation into
CD133" and CD1337 cells in a similar ratio to the
parent tumour (Singh et al. 2004, O’Brien et al. 2007,
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Ricci-Vitiani et al. 2007, Baba et al. 2008). In contrast,
many more CD133 cells were required to initiate
tumours that formed at a much slower rate and were
smaller than those initiated by CD133 ™ cells (Singh et al.
2004, O’Brien et al. 2007, Ricci-Vitiani et al. 2007, Baba
et al. 2008). Importantly, not all CD133™ cells were able
to initiate tumourigenesis (O’Brien et al. 2007), and not
all cancers expressed CD133, indicating that it may not
mark the CSCs in all types of cancer (Dalerba et al. 2007,
Choi etal. 2009, Chu et al. 2009, Ferrandina et al. 2009).
In some cases of colon cancer, CD133 was correlated
with more advanced stage tumours, suggesting that it
may be a marker for metastasis (Choi et al. 2009);
however, in ovarian cancer, the expression of CD133
decreased with metastasis or was unrelated to tumour
stage (Ferrandina et al. 2008, 2009).

CD44 as a cancer stem cell marker

The hyaluronan receptor, CD44, is a surface glycoprotein
with many signalling functions (Patrawala et al. 2006,
Klonisch et al. 2008) that appears to be expressed on
populations enriched for CSCs in human breast, prostate,
ovarian and colon cancers. Similar to CD133, spheres
generated from unsorted ovarian and colon cancer cells,
and those from prostate cancer cell lines expressed CD44
(Patrawala et al. 2006, Vermeulen et al. 2008, Zhang
et al. 2008). These spheres were capable of undergoing
self-renewing divisions in vitro and expressed other stem
cell pluripotency markers including POU5FT (OCT-4),
NANOG and BMIT (Patrawala et al. 2006, Vermeulen
et al. 2008, Zhang et al. 2008). With differentiation, the
spheres lost their expression of CD44 (Vermeulen et al.
2008), indicating that these cells might represent CSCs.
In vitro evidence for CD44 as a marker for CSCs has been
found in colon cancer and prostate cancer cell lines,
where the CD44" population is more efficient at
forming large clones (Patrawala et al. 2006, Chu et al.
2009). In vivo, the CD44™ population in breast, prostate
and colon cancers is more efficient at producing larger,
more aggressive, serially transplantable tumours in
NOD/SCID mice that recapitulated the original tumour
phenotype in a shorter time frame, compared to the
CD44™ population (Al-Hajj et al. 2003, Dalerba et al.
2007, Chu et al. 2009). However, studies have found a
positive correlation with CD44 expression and colon
tumour size, and increased CD44 expression with
increased malignancy in a number of cancer cell lines,
which may explain this association in the transplanted
mice (Patrawala et al. 2006, Choi et al. 2009).

Some CSCs have been identified in different and some-
times non-overlapping subpopulations. Human breast
CSCs have been identified in the CD44"CD24 /1%
population and in the ALDH™ fraction (Al-Hajj et al.
2003, Ginestier et al. 2007). Both sets of cells produced
tumours in vivo that could be serially transplanted
and recapitulated the original tumour phenotype
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(Al-Hajj et al. 2003, Ginestier et al. 2007). Interestingly,
only 0.1-1.2% of the cells have overlapping marker
expression and these cells are highly tumourigeneic
(Ginestier et al. 2007). The reason for this distinction may
be because they examined different tumour subtypes and
the Al-Hajj investigation focused on metastatic rather
than primary breast cancers. Alternatively, the combined
ALDH*CD44"CD24~"°" population may represent the
true CSC, with the ALDH CD447CD24~"°" and
ALDH " non(CD44*CD24~""°") populations represent-
ing more differentiated progenitors that retain some
capacity to proliferate in vivo (Ginestier et al. 2007).
Similarly, the CD133™ and LGR5™ fractions appear to
locate to different subpopulations in mouse colon cancer
(Becker et al. 2008). Differences in CSC subpopulations
both within the same tissue and between tissues may be
related to culture effects, the types of cancers examined
(metastatic versus primary), the ethnicity of the patients,
sorting technologies (magnetic activated cell sorting
(MACS) versus fluorescent activated cell sorting (FACS))
and location of the xenograft.

Cancer stem cells and metastasis

Cancer cells that have not developed into new growths
have been noted at sites distant from the original tumour.
These cancer cells are often identified by pathologists
based on their abnormal karyotype, or other cancer cell
morphological features. These cells may not have had
time to establish a tumour due to the efficiency in their
removal by the immune system, lack of blood supply or
their intrinsic lack of tumour initiation capability
(Southam & Brunschwig 1961, Fidler & Kripke 1977,
Clark etal. 2000, Reya et al. 2001). There are two theories
regarding metastasis and the CSC. The first is that the CSC
is the only cell with the traits required to establish a
tumour at another site, and thus needs to escape the
original tumour to establish metastasis elsewhere.
Evidence for the role of CSC in establishing metastasis
comes from breast cancer studies, where metastatic cells
expressing the CSC phenotype, CD44"CD24~ "1,
formed self-renewing mammospheres, gland-like
structures in soft agar, and gave rise to differentiated
progeny including CD44'°“CD24"8" cells at a higher
efficiency than non-metastatic cells (Al-Hajj et al. 2003,
Mani et al. 2008). The second theory postulates that CSCs
and metastatic cells are different, that the metastatic cell
travels to a distant site to establish a niche and then signals
to the CSC to travel and take residence at the new site and
initiate a metastatic tumour. This is evidenced by the
increased number of CD24 " cells in distant metastases of
human breast cancer (Visvader & Lindeman 2008). It has
also been suggested that the CD44"CD24 "% cells
metastasize and then alter their phenotype in response to
the new environment.
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Cancer stem cells as prognostic indicators

While the CSC model is still controversial (Kelly et al.
2007), it is important to note that other cells may also
play key roles in the development and progression of
cancer (Visvader & Lindeman 2008, Rosen & Jordan
2009). If CSC surface markers relate to functional
characteristics, it seems likely that the same cancer
subtypes with similar molecular characteristics between
patients will be initiated by similar populations of CSCs.
A correlation between putative stem cell markers and
poor prognosis has been observed in some cancers
(Patrawala et al. 2006, Ginestier et al. 2007, Horst et al.
2008, Visvader & Lindeman 2008, Zeppernick et al.
2008); however, no statistically significant correlation
between progression-free survival and CSC number has
been observed in breast cancer (Abraham et al. 2005,
Kern & Shibata 2007).

Cancer stem cells as targets for novel therapeutics

In cancers with strong evidence for CSCs, a new cellular
target is available for drug development that focuses on
eradicating the CSCs to prevent recurrence. Combining
these drugs with traditional cytotoxic agents targeting the
remaining cancer cells (Kern & Shibata 2007) will
prevent them mutating, acquiring self-renewal proper-
ties and becoming CSCs themselves. Similarly, it will be
necessary to ensure terminal differentiation of all CSCs
when using differentiation induction therapies, such as
ATRA for acute promyelocytic leukaemia (Petrie et al.
2009). Targeting the CSCs may be especially important
in higher grade and advanced tumours, where evidence
indicates that the frequency of CSCs is greater than in
lower grade and lower staged tumours (Visvader &
Lindeman 2008, Rosen & Jordan 2009), and also in
tumours where the majority of tumour cells have already
been eradicated (Kern & Shibata 2007). It will be
important that new treatment options spare normal
stem cells or are delivered in a targeted manner that
avoids normal stem cell exposure.

Endometrial carcinoma
Incidence

Endometrial cancer (EC) is the most common gynaeco-
logical malignancy affecting women in the western
world (National Institutes of Health (NIH) NCI, http://
www.cancer.gov/cancertopics/types/endometrial, 2/9/
2009). In 2009, it was expected that there would be
42 160 new cases diagnosed and 7780 deaths from the
disease in the USA (NIH NCI, http://www.cancer.gov/
cancertopics/types/endometrial, 2/9/2009). It has an
incidence rate of 23.3 per 100 000 women, and the
average age at diagnosis is 62 years (Horner et al. 2009).
The 5-year survival rate for EC is 82.9%, mainly
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because cases are diagnosed at an early stage due to
the readily detectable symptom of abnormal uterine
bleeding in post- and peri-menopausal women (Horner
et al. 2009).

Histological classification of endometrial carcinomas

There are a number of histological types of EC;
endometrioid carcinoma, mucinous adenocarcinoma,
papillary serous adenocarcinoma, clear cell adenocarci-
noma, undifferentiated carcinoma and mixed carcinoma
(Creasman et al. 2006). Around 10% of ECs are non-
sporadic and mostly associated with hereditary non-
polyposis colorectal cancer (Ryan et al. 2005, Bansal
et al. 2009). In this condition, there are abnormalities in
DNA mismatch repair genes that eventually results in
microsatellite instability (MSI; Ryan et al. 2005). Women
with this genetic susceptibility have a tenfold higher
lifetime risk of developing EC in comparison to the
general population (Ryan et al. 2005). The remaining
90% of EC cases are considered sporadic (Ryan et al.
2005, Bansal et al. 2009), with various genetic mutations
being identified.

The International Federation of Gynecology and
Obstetrics (FIGO) has classified EC into three grades on
the basis of morphology (FIGO 1989). Grade 1 tumours
are neoplasms with < 5% non-squamous component or
those with a non-morular solid growth pattern (FIGO
1989, Creasman et al. 2006, Zaino 2009). In grade 2
tumours, 6-50% of the neoplasm is non-squamous and
non-morular, and in grade 3 tumours, >50% of the
tumour is a solid mass (FIGO 1989, Zaino 2009). In
general, grade 1 tumours are well-differentiated, grade 2
moderately differentiated and grade 3 poorly differen-
tiated (Creasman et al. 2006). FIGO grading increases by
1 when nuclear atypia appears inappropriate for the
architecture of the grade (e.g. grade 1 becomes grade 2),
and when adenocarcinomas contain squamous differen-
tiation, the cells are graded according to the nuclear
grade of the glandular component (Creasman et al.
2006). Serous, clear cell and pure squamous cancers are
designated grade 3 by convention due to their poor
prognosis (Zaino 2009).

Types of endometrial carcinoma

In 1983, Bokhman performed a large study over 20 years
and classified sporadic ECs into two types based on their
aetiology and clinical behaviour (Bansal et al. 2009).
This classification has been confirmed on the basis of
genetic mutation differences between the two types.
Type | ECs have an endometrioid histology and account
for 70-85% of sporadic cases (Creasman et al. 2006,
Di Cristofano & Ellenson 2007, Bansal et al. 2009). They
have a favourable prognosis as they are often diagnosed
at an early stage and are of a low grade (Bokhman 1983,
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Creasman et al. 2006, Di Cristofano & Ellenson 2007,
Bansal et al. 2009). These tumours often arise from
endometrial hyperplasia in a setting of unopposed
oestrogen in peri- and post-menopausal women and
commonly express oestrogen and progesterone receptors
(Bokhman 1983, Di Cristofano & Ellenson 2007, Bansal
et al. 2009). Mutations in PTEN, B-catenin (CTNNBT1),
KRAS and MSI are molecular lesions associated with
type | EC (Di Cristofano & Ellenson 2007).

Type Il tumours account for 10-20% of sporadic ECs
and often have a serous papillary or clear cell histology
(Bokhman 1983, Prat et al. 2007, Bansal et al. 2009).
They tend to be composed of markedly atypical cells that
grow in papillary, glandular or solid patterns (Di
Cristofano & Ellenson 2007). Type Il tumours arise in a
background of atrophic post-menopausal endometrium
independent of oestrogen and may be preceded by
endometrial intraepithelial carcinoma (EIC; Bokhman
1983, Di Cristofano & Ellenson 2007, Prat et al. 2007,
Bansal et al. 2009). EIC is composed of cells that are
indistinguishable from carcinoma cells, but confined
to endometrial epithelium, without invasion into the
underlying stroma (Di Cristofano & Ellenson 2007,
Prat et al. 2007). Type Il tumours have a poor prognosis
as they tend to spread from the site of origin early in the
development of the disease (Bokhman 1983, Prat et al.
2007, Bansal et al. 2009). Mutations in TP53 and ERBB2
(HER-2/neu) genes and aneuploidy are commonly found
in type Il cancers, whereas mutations in KRAS, PTEN or
MSI are relatively uncommon, suggesting different
molecular pathways for tumourigenesis in the two
types of EC (Di Cristofano & Ellenson 2007).

Cancer stem cells in endometrial carcinoma

Given that a rare population of epithelial stem/progeni-
tor cells has been identified in human endometrium
(Chan et al. 2004, Gargett et al. 2009), it is possible that
these cells or their progeny may be the source of the
putative CSCs that may initiate and maintain EC (Fig. 1;
Gargett et al. 2008). The first evidence for a stem cell
origin of EC was suggested in 1997 in a study on a uterine
carcinosarcoma-derived cell line (Gorai et al. 1997). In
this study, colony-initiating cells grew for over 50 serial
passages and were composed of cells with columnar,
small epithelial, moderately sized or large epithelial-
like, malignant tumour giant and spindle-shaped
morphologies, similar to those found in the original
cell line (Gorai et al. 1997). These highly proliferative
clonal cells expressed immunohistochemical and
molecular markers consistent with their parental tissue,
re-capitulated the tumour phenotype in vitro and were
considered stem cells responsible for propagating the
cell line (Gorai et al. 1997). While these results were
promising, they were not performed on freshly isolated
EC cells, or even a pure EC cell line.

Reproduction (2010) 140 23-32

Downloaded from Bioscientifica.com at 03/07/2022 03:25:34PM
via free access



28 S A Hubbard and C E Gargett

A B
Lumen Type | Type Il
PTEN p53
> <7
Endometrium
MSI Her2/neu
> <y
K-RAS E-cadherin
> <
’

Myometrium .

Type Il

Type |

Identification of CSC activity in human EC samples

Recently, freshly isolated cells from EC tissues have been
investigated for CSC properties (Hubbard et al. 2009).
A small population of freshly isolated EC cells has the
capacity to initiate clones that undergo self-renewing
cell divisions and initiate tumours in vivo that can be
serially passaged, demonstrating self-renewal, prolifera-
tion and differentiation abilities of the potential CSCs.

Less than 1% of single EC cells from all grades and
both types of EC initiated clones in vitro (Hubbard et al.
2009). As a range of clone sizes were observed, more
differentiated progenitor cells may have also contributed
to the observed cloning efficiency (Hubbard et al. 2009).
This demonstrated that only rare cells within EC are able
to proliferate and initiate large colonies, conforming to
the CSC hypothesis.

Heterogeneous proliferative potential of EC cells was
further confirmed in tumourigenicity studies. EC cells
were subrenally transplanted in NOD/SCID mice in
limiting dilution, but not all dilutions initiated tumours, a
phenomenon observed in all grades and both types of EC
(Fig. 2; Hubbard et al. 2009). The tumours re-capitulated
the original tumour histoarchitecture and differentiation
marker expression, including ESR1(ERa), PGR (PR),
vimentin and cytokeratin (Hubbard et al. 2009). Type |
EC cells also formed tumours when injected subcu-
taneously; however, larger numbers of cells were
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Figure 1 Hypothesised role of cancer stem cells in the
development of endometrial carcinoma. (A) Normal
endometrial gland with a potential epithelial stem/
progenitor cell located at the base of the gland.

(B) Epithelial progenitor cell acquires genetic mutations
resulting in the development of the CSCs in either type |
(left, orange) or type Il (right, dark blue) EC. Expansion of
the CSC clone producing heterogeneous neoplastic
epithelial cells in type | (C) and type Il (D) ECs,
comprising a small number of CSCs (C, orange;

D, dark blue) and numerous differentiated tumour cells

(C, light orange; D, light blue).

required to initiate tumour formation (Friel et al. 2008,
Hubbard et al. 2009). This is probably related to the
superior blood supply from kidney tissue into the
xenograft as has been observed in other tumours
(Visvader & Lindeman 2008). The ability of some EC
cells to initiate tumours supports a CSC origin of EC, and
these cells may be similar to the original cells that gave
rise to the tumour in the patient.

Colony-forming units/cells from all grades and both
types of EC underwent several rounds of serial
subcloning in vitro, indicating substantial self-renewal,
an essential CSC property (Hubbard et al. 2009).
A trend of increasing self-renewal ability was observed
with increasing tumour aggressiveness in this study
(Hubbard et al. 2009). Secondary clones also
expressed several self-renewal genes, including BMIT,
CTNNB1, SOX2 and NANOG (Hubbard et al. 2009).
Also, primary subcutaneous tumours established from
freshly isolated xenografted EC cells were serially
passaged up to five times in immunocompromised
mice, maintaining the original tumour morphology and
phenotype when examined by immunohistochemistry,
demonstrating the CSC traits of self-renewal and
differentiation in vivo (Friel et al. 2008, Hubbard
et al. 2009). While type Il tumours appear to initiate
tumours more efficiently (Hubbard et al. 2009), no
trend of increasing self-renewal with increasing tumour
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Figure 2 Differentiation marker analysis of transplanted and parent EC tumours. Immunohistochemistry of representative tumours derived from
transplanted cells (top panels) and corresponding parent tumours (lower panels). Insets, isotype controls. Transplants and parent tumours are
classified as type I, grade 3. CK, cytokeratin; Vim, vimentin; ESR1, oestrogen receptor-a; PGR, progesterone receptor (brown staining; blue,
haematoxylin counter-stained with CK and Vim). Transplants were highly proliferative as indicated by PCNA staining. Scale bars 100 uM. Modified
and reprinted, with permission, from Hubbard SA, Friel AM, Kumar B, Zhang L, Rueda BR & Gargett CE 2009 Evidence for cancer stem cells in
human endometrial carcinoma. Cancer Research 69 8241-8248. ©2009 American Association for Cancer Research.

aggressiveness was observed in vivo, perhaps due to
low sample sizes of the investigations.

Together, these data from in vitro and in vivo studies
on EC and EC cell lines provide substantial evidence for
a CSC origin for EC. However, these studies are generally
retrospective and a cell surface marker or combination of
markers for the isolation of EC CSCs is required, so that
the CSCs can be isolated, characterised and their role in
the development of the disease was studied.

Side population cells as EC stem cells

Side population (SP) cells are cells capable of expelling
the Hoechst 33342 dye, often due to the presence of
plasma membrane ABCG2 transporters. A recent study
investigating CSCs in EC has examined several EC cell
lines and four high grade ECs for the presence of SP cells
(Friel et al. 2008). In the AN3CA and Ishikawa, but not
the SKUT-2, HEC-1-A and HEC-1-B EC cell lines, and in
four EC cell suspensions, rare (<3.4% of cells sorted by
FACS) SP cells were detected (Friel et al. 2008; Fig. 3). SP
cells from the cell lines demonstrated several CSC traits,
including slow growth rate in vitro, demonstrated by a
higher percentage of cells in the G1 phase of the cell
cycle than the main population (MP), suggesting that SP
cells cycled less frequently than the majority of the
tumour cells (Friel et al. 2008). Another trait was
the resistance of SP cells to paclitaxel, suggestive of the
presence of drug transporters, such as ABCG2. In vitro
culture of the SP cells from the cell lines recapitulated
the original SP:MP cellular ratio, suggesting self-renewal
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and differentiation potential of cells in the SP fraction
(Friel et al. 2008). Finally, SP cells, but not MP cells, from
the cell lines and the four EC tissues initiated tumours
in NOD/SCID mice when injected subcutaneously
(Friel et al. 2008). However, it is not known whether
the resultant tumours expressed typical EC markers
(e.g. ESR1, PGR, cytokeratin, vimentin), nor was it
determined whether the SP-initiated tumours contained
both SP and MP cells, indicating that differentiation and
self-renewal of the SP cells had occurred in vivo.
However, this study does provide evidence for a CSC
origin of EC.

Hoechst blue intensity

Hoechst red intensity

»
Figure 3 Identification of SP cells in the human endometrial cancer cell
line AN3CA. Cells were labelled with Hoechst 33342 and analysed by
flow cytometry (A) before and (B) after treatment with verapamil.
Reprinted, with permission, from Friel AM, Sergent PA, Patnaude C,
Szotek PP, Oliva E, Scadden DT, Seiden MV, Foster R & Rueda BR 2008
Functional analyses of the cancer stem cell-like properties of human
endometrial tumor initiating cells. Cell Cycle 7 242-249. © 2008
Landes Bioscience.
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Markers identifying EC stem cells

Molecular and cell surface markers of CSCs have
recently been identified in EC tissues. Musashi-1, a
RNA-binding protein expressed by epithelial progenitors
of the gastric mucosa, intestine, mammary glands,
epidermis and hair follicles, is associated with self-
renewal functioning of ASCs (Gotte et al. 2008, Sureban
et al. 2008). In xenografted colon adenocarcinomas,
si-RNA-mediated knockdown of musashi-1 reduced
cellular proliferation and increased apoptosis (Sureban
et al. 2008), indicating that the potential CSCs
maintaining the cancer were unable to function in the
absence of musashi-1. Musashi-1-expressing single cells
were found in sections of EC samples. It was
hypothesised that these were EC progenitor or CSCs.
However, functional assays of CSC activity (Gargett
2007) are required to confirm that musashi-1 identifies
CSCs in human EC.

CD133 as a marker of EC stem cells

CD133/1 (referred to as CD133) is the first marker used to
identify and prospectively isolate EC stem cells (ECSCs;
Rutella et al. 2009). Both the CD133" and CD133~
sorted fractions of EC single cell suspensions grew in
culture, giving rise to CD133" and CD133~ cells,
although the CD133 ™ fraction had a higher proliferation
rate (Rutella et al. 2009). The CD133 ™ fraction produced
single cell-derived colonies at greater efficiency than the
CD133~ fraction (Rutella et al. 2009), and the CD133 ™
cells were more resistant to the cytotoxic effects of
cisplatin and paclitaxel than the CD133™ fraction
(Rutella et al. 2009). Interestingly, both populations
were equally sensitive to doxorubicin, indicating that
this drug may be effective in treating EC. Furthermore, as
EC is an oestrogen-dependent disease, the proliferation
potential between the populations was compared in the
presence of oestradiol (Rutella et al. 2009), with the
CD133™" population showing increased proliferation,
whereas the CD133™ population did not respond. The
CD133" population also had a higher expression of
oestrogen receptors than the CD133~ population
(Rutella et al. 2009). However, it is not known whether
the CD133™ population includes niche cells which may
also express oestrogen receptor and relay proliferative
signals to the putative ECSCs. In normal mouse
endometrium, the potential epithelial progenitor cell
(label retaining cell) did not express ESR1, but the
neighbouring niche cells did (Chan & Gargett 2006),
indicating that normal progenitor cells responded
indirectly to oestradiol, via signals provided by niche
cells (Chan & Gargett 2006). However, it is not known
whether ECSCs will have similar properties to mouse
endometrial epithelial label retaining cells. The case may
be different in human cancer as it is not known from
which cells the CSC arises. Also, the growth kinetics
and changes in CD133 expression of the unsorted
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populations were not compared, and thus it is not
known whether there is any interaction between the
two populations. Together, these data indicate that ECSCs
may be located within the CD133" population;
however, definitive evidence is still lacking.

Unsorted single EC cells subcutaneously transplanted
into NOD/SCID mice formed tumours which contained
an increased proportion of cells expressing CD133 (20 to
80-90%; Rutella et al. 2009), suggesting that CD133 ™"
cells may have a greater survival potential within the
mouse host. However, freshly isolated CD133% or
CD133" cells were each incapable of forming tumours
in vivo (Rutella et al. 2009), indicating that the two
fractions may interact during tumourigenesis. It is
important to note that in the samples where CD133%
or CD133 ™ cells were transplanted, tumours also failed
to develop when the unsorted cells from these same
samples were transplanted, potentially indicating that
these tumours were devoid of TICs. It will be important
to undertake additional investigations to confirm this
possibility. Furthermore, both CD133" and CD133~
fractions isolated from primary xenografts derived from
unsorted cells formed tumours of comparable sizes when
re-transplanted into NOD/SCID mice. This apparent
contradiction to the differential in vitro abilities of the
CD133" and CD133~ cells indicates that TICs may be
present in both the CD133" and CD133~ fractions,
especially after the cells have had the opportunity to
adapt to the mouse kidney microenvironment (Rutella
et al. 2009). It is also possible that CD133 may be
expressed on non-tumour-initiating progenitor or transit-
amplifying cells unable to proliferate in vitro. This study
highlights the importance of undertaking a range of
CSC assays to confirm the utility of potential markers to
enrich for CSC.

Interestingly, CD133 expression was not correlated
with tumour grade or CA-125 serum levels, but with
endometrioid subtype, as the tumours were mainly early
stage, and accordingly CD133 expression was not found
in patients with lymph node metastases (Rutella et al.
2009). Further work is required to confirm whether
CD133 is a marker present on ECSCs and also needs to
address the apparent differences between the in vitro and
in vivo experiments.

With the continued investigation of CD133 as a
marker of ECSC and the future discovery of other
markers for ECSCs, it is hoped that ECSCs can be
isolated and characterised, and their role in the
development of human EC further investigated. This
knowledge opens the way for the development of new
treatment modalities that target the CSCs, but spare the
remaining normal endometrial stem/progenitor cells and
other cells. Such treatments will be particularly useful for
early-stage and pre-menopausal EC candidates where
the uterus may be conserved, and for late-stage cases
where hysterectomy is not curative and current treat-
ments target the bulk tumour cells rather than CSCs.
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