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Endometrial Cells Get Side-Tracked

Side Population Cells Promote Epithelial-Mesenchymal
Transition in Endometrial Carcinoma
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Like stem cells, a subpopulation of cancer cells is char-
acterized by the property of self-renewal, unlimited and
high proliferative potential, expression of multidrug-resis-
tance proteins, active DNA repair capacity, apoptosis
resistance, and an enormous developmental plasticity.1

Based on these observations, the concept of cancer
stem cells has been developed, which proposes that
tumor-initiating cancer cells may either originate from
normal stem cells, or that cancer cells may undergo
progressive de-differentiation, ultimately leading to a
stem-cell like state. The stem cell-like properties of tumor-
initiating cells are thought to be a major underlying cause
of therapeutic resistance and tumor relapse; therefore, a
specific targeting of cancer stem cells within a mixed
tumor cell population may represent a particularly effi-
cient form of anticancer therapy.

In this issue of The American Journal of Pathology, Kato
et al2 have exploited a common property of stem cells
and tumor-initiating cells, the side-population phenotype,
to isolate and functionally characterize a cancer stem
cell-like subpopulation of endometrial carcinoma. Side
population (SP) cells can be identified by flow cytometry
based on their property of effluxing the fluorescent dye
Hoechst 33342 via ATP-binding cassette transporter pro-
teins such as ABCG/Brcp1.3 Stem cells express high
levels of this protein, and are therefore highly enriched in
the SP of a given tissue. High expression of ABCG/Brcp1
by cancer stem cells is thought to be an underlying cause
of resistance to chemotherapy, as this protein allows
for a rapid clearance of therapeutic drugs from the
cells cytoplasm.1,3

When Kato et al2 used flow cytometry on primary en-
dometrial cancer cells and the established endometrial
cancer cell line Hec1, they were able to identify a small
percentage (�1%) of SP cells. Isolation and further cul-
tivation of Hec1-derived SP and non-SP cells demon-

strated that the SP cells were capable of asymmetric cell
division, generating both SP and non-SP cells, which is
one hallmark of stem cells. In contrast, the non-SP cells
could only generate non-SP cells, but no SP cells, in
accordance with a limited differentiation potential. Further
analysis revealed that the SP cells expressed lower levels
of the differentiation markers CD9 and CD13 compared
with non-SP cells. Of note, SP cells showed a high pro-
liferative capacity, and they were capable of dividing for
at least 2 months, whereas non-SP cells stopped growing
after 2 weeks of culture in mesenchymal stem cell main-
tenance medium. Similar results were obtained when SP
and non-SP cells from an activated (12Val) K-Ras-trans-
formed rat endometrial cell line were analyzed. Plating of
Hec1 SP and non-SP cell lines at a low, clonal density
resulted in colony formation in the case of SP cells only.
These cells also showed self-renewal properties as they
could be serially cloned with similar cloning efficiencies,2

which is an additional hallmark of stem cell function.4

The isolation of a subpopulation of endometrial cancer
cells with stem cell-like properties by Kato et al2 is in
accordance with previous reports on stem cell-like prop-
erties of endometrial carcinoma cells. For example, the
Wnt–�-catenin and PTEN signal transduction pathways,
which are important contributors to adult stem cell self-
renewal and maintenance of “stemness,” are frequently
dysregulated in endometrial carcinoma.5,6 Moreover, in-
creased expression and activity of telomerase, an impor-
tant factor in conferring unlimited proliferative potential
to stem cells, has been observed in endometrial carci-
noma.7 The finding of an increased proliferative potential
in the endometrial cancer cell-derived SP is also in ac-
cordance with recent reports of significantly increased
numbers of cells expressing the adult stem cell marker
Musashi-1 in endometrial carcinoma and proliferative
phase endometrium compared with secretory phase en-
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dometrium.8 In contrast, the authors of a second study on
endometrial carcinoma SP cells have recently reported
the presence of SP cells with a lower proliferation rate
compared with non-SP cells.9 While this seemingly con-
troversial finding could be explained by methodological
differences and the use of different endometrial carci-
noma cell lines, it does not necessarily constitute a con-
tradiction, since different hierarchies of stem cells are
known to exist. For example, slow cycling stem cells with
a pluripotent developmental potential can give rise to
highly proliferative transient amplifying cells with more
restricted, yet still multipotent developmental capacity.10

To test the pathophysiological relevance of their find-
ings in vivo, Kato et al2 monitored growth of Hec1-derived
SP and non-SP cells in a nude mice xenograft model.
Palpable SP-derived tumors appeared significantly earlier
than non-SP tumors and grew significantly faster. Histo-
logically, the SP tumors were more invasive, whereas the
non-SP tumors were encapsulated and clearly separated
from the basement membrane of the skin. Similar results
were obtained when SP and non-SP cells from the acti-
vated (12Val) K-Ras-transformed rat endometrial cell line
were used in the in vivo model. Increased invasiveness of
the SP cells and increased proliferative potential could
also be confirmed in vitro in time-lapse microscopy stud-
ies, since SP cells showed lamellipodia formation at the
leading edge, and uropodia formation at the trailing
edge, which was accompanied by prominent cell migra-
tion. In contrast, non-SP cells showed neither podia for-
mation, nor prominent migration.

The observation that the SP-derived tumors were sur-
rounded by stromal tissues with a highly enriched extra-
cellular matrix in both in vivo models prompted Kato et al2

to address the question if a fraction of the SP cells may
have undergone epithelial to mesenchymal transition
(EMT), based on the concept of a high developmental

plasticity of stem cells. Indeed, the authors were able to
demonstrate increased expression of the mesenchymal
cell markers vimentin and �-smooth muscle actin (�-SMA),
as well as the extracellular matrix protein collagen III in
SP cell tumors compared with non-SP cell derived tu-
mors. Of note, DNA sequencing of microdissected CD9�

tumor and �-SMA/CD13�/CD9� stroma cell DNA re-
vealed the presence of human K-ras gene sequences in
the murine host tissue, demonstrating the SP cell origin of
both tumor and stroma cells. These data were comple-
mented by a fluorescence in situ hybridization analysis,
which also demonstrated the presence of a high per-
centage of SP-derived mesenchymal cells in the tumor
stroma. Finally, the authors were able to differentiate
endometrial carcinoma SP cells into cells of the smooth
muscle cell lineage in vitro, whereas this approach was
not successful in the case of non-SP cells.2 Taken to-
gether, the authors’ findings suggest that SP cells within
an endometrial carcinoma give rise to a highly prolifera-
tive and invasive cancer cell population, to tumor stroma
cells, and to the secreted matrix surrounding the tumor.

The authors’ findings have several important implica-
tions (Figure 1). Most notably, the data suggest that
SP-derived endometrial cancer stem cells may be able to
generate their own stroma, including not only the extra-
cellular matrix, but also stromal cells (Figure 1A). This is
a highly relevant finding, which sheds new light on stud-
ies focusing on tumor-stroma interactions: If endometrial
cancer stem cells are capable of de novo synthesis of
their own stem cell niche, they may be far more indepen-
dent from host tissue composition and properties than
previously thought. Future studies need to address if and
how the tumor stroma of SP-derived tumors differs from
the stroma of non-SP derived tumors. The identification of
increased collagen III biosynthesis in SP-derived tumors
by Kato et al2 is a first step in this direction. Other com-

Figure 1. Contribution of SP cells to endometrial
carcinoma pathogenesis. A: EMT, promoted by
the high developmental plasticity of stem cells
(SC), results in formation of an extracellular ma-
trix (ECM)-rich tumor stroma. B: The tumor
stroma serves as a stem cell niche, which is
required to maintain the undifferentiated char-
acter of the cancer stem cells. C: Through EMT,
SP cells loose contact inhibition and acquire a
highly migratory phenotype, which facilitates
metastasis. D: EMT may promote differentiation
to mesenchymal endothelial or mural cells, pro-
moting tumor angiogenesis. E: Angiogenesis will
facilitate tumor cell dissemination into the blood
stream, thus promoting metastasis. F: Angiogen-
esis is a prerequisite for primary tumor growth.
G: The highly proliferative nature and the unlim-
ited potential for cell division of SP cells display-
ing a transient amplifying cell phenotype pro-
motes tumor growth. H: The expression of
multidrug resistance proteins increases SP cell
resistance to chemotherapy (CT).
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ponents of the extracellular matrix, such as proteogly-
cans, may also be of relevance as they play major sup-
portive roles in developmental signaling and provide a
niche for preservation of the undifferentiated state of stem
cells.11 For example, mice deficient in the cell surface
proteoglycan syndecan-1 (CD138), a molecular marker
associated with epithelial-mesenchymal transition during
development and carcinogenesis,12 were shown to be
resistant to a variety of experimentally induced cancers
due to a reduction in a wnt-responsive progenitor cell
population.11,13 In human endometrial carcinoma, low
epithelial CD138 expression is correlated with negative
prognostic factors and disease stage, whereas stromal
CD138 expression was shown to be significantly higher in
high-grade tumors and to be an independent prognostic
factor for both disease-free and overall survival.14 Future
studies need to address to which extent the stem cell-
related functions of CD138 determine its role in endome-
trial cancer.

While the study by Kato et al2 indicates that the SP-
derived endometrial cancer cells may autonomously es-
tablish their own stem cell niche, the niche itself feeds
back to the stem cell and keeps it in an undifferentiated
state15 (Figure 1B). An additional implication of the high
developmental plasticity of endometrial carcinoma SP
cells is a facilitation of EMT, which induced a highly
mobile, migratory phenotype.2 While not experimentally
tested in the study by Kato et al,2 it can be expected that
this phenotype will promote metastasis of endometrial
carcinoma cells (Figure 1C). Similarly, EMT may promote
angiogenesis if SP cells differentiate into endothelial or
mural cells, as indicated by the induced transformation of
endometrial cancer-derived SP cells into �-SMA-positive
cells (Figure 1D).2 Angiogenesis would in turn further
promote dissemination of tumor cells (Figure 1E) and
would be a requirement for sustained primary tumor
growth (Figure 1F). This is reflected by the authors’ ob-
servation of a higher vascularization of SP-derived tumors
as compared with non-SP tumors based on �-SMA stain-
ing. Apart from indirect, angiogenesis-related effects, SP
cells within endometrial carcinomas displayed a particu-
larly aggressive phenotype with a high proliferative po-
tential reminiscent of transient amplifying cells,10 which
directly promoted primary tumor growth2 (Figure 1G).
Finally, while not directly addressed in the study by Kato
et al,2 by definition of the SP phenotype, the SP subpopu-
lation of endometrial carcinoma cells can be expected to
display higher resistance to chemotherapy, due to the
expression of multidrug resistance transporter proteins
such as ABCG/Brcp11,3 (Figure 1H). In fact, a recent
study on SP and non-SP subpopulations of the endome-
trial carcinoma cell line AN3CA revealed increased
resistance of the SP cells to paclitaxel, supporting this
hypothesis.9

From a therapeutic perspective, the study by Kato et
al2 has additional implications. As SP cells modulate a
multitude of processes relevant to endometrial carcinoma
pathogenesis, including persistent primary tumor cell
proliferation, promotion of tumor angiogenesis and me-
tastasis, and resistance to chemotherapy, a selective
targeting of cancer stem cells should hold a lot of prom-

ise, simultaneously blocking a number of relevant patho-
genetic processes. A more conventional approach could
lie in the identification of cancer stem cells by antibody-
or small molecule-based in vivo imaging techniques, fol-
lowed by radiotherapy. However, it was proposed that
cancer stem cells may be more resistant to radiotherapy,16

which is a property that may hamper rapid implementa-
tion of this concept. An alternative approach is the forced
differentiation of cancer stem cells, which is aimed at
inducing a loss of stem-cell like properties in the target
cells, followed by conventional therapeutic interven-
tion.1,11 This approach has yielded very promising results
in experimental cancer models,17,18 however, translation
into clinical applications has not yet been achieved.

Apart from technical problems of implementation, a
major caveat is associated with stem-cell targeting ther-
apies of the endometrium, particularly in premenopausal
women: during reproductive life, the human endometrium
is a highly dynamic tissue that constantly undergoes
cycles of growth, differentiation, shedding, and regener-
ation. In fact, increasing evidence suggests that stem
cells are responsible for the tremendous regenerative
capacity of the human endometrium, which is growing
from 0.5 to 1 mm following menstruation to 5 to 7 mm in
thickness each menstrual cycle.4,8,15 Consequently, en-
dometrial stem cell activity is required for proper physio-
logical function of the endometrium. A targeting of endo-
metrial cancer stem cells may therefore lead to massive
side effects, possibly leading to infertility and endometrial
dysfunctions typically not associated with premenopausal
women if physiological endometrial stem cells would also
be affected by these therapeutic approaches. Therefore,
future studies need to define differences between physio-
logical endometrial stem cells and endometrial cancer stem
cells, to develop targeted therapies.

The increasing knowledge on the regulatory function of
microRNAs, which are posttranscriptional modulators of
gene expression, may assist in the development of novel
therapies: It was recently shown that a single microRNA,
miR-145, synchronously regulates the expression of the
pluripotency-associated transcription factors OCT4,
SOX2, and KLF4, which are key factors in the generation
of induced pluripotent stem cells.19 In human embryonic
stem cells, increased miR-145 expression inhibited self-
renewal, repressed expression of pluripotency genes,
and induced lineage-restricted differentiation.19 Of note,
both OCT420 and SOX2 (M Götte, M Wolf, AN Schüring,
L Kiesel, unpublished data) are expressed by putative
endometrial stem cells. Moreover, although a dysregula-
tion of miR-145 expression in endometrial cancer has not
been reported so far, its expression is up-regulated in
endometriosis, a proliferative disease of the endometrium
characterized by the growth of ectopic implants outside
the uterine cavity,21 suggesting that investigation of miR-
145 function may also be worthwhile in endometrial car-
cinoma. Future studies need to address if manipulation of
microRNA function may be a practicable approach in the
synchronous targeting of cancer stem cell functions. This
concept may be not too far removed from clinical appli-
cations, since intraperitoneal injection of microRNA inhib-
itors in nonhuman primates has already proven to be an
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efficient and side-effect free experimental therapeutic
strategy for lowering high cholesterol levels.22

In conclusion, the study by Kato et al2 highlights the
relevance of endometrial carcinoma SP cell dysregula-
tion for a multitude of processes associated with endo-
metrial carcinogenesis. A detailed molecular character-
ization of endometrial cancer stem cells will help to
establish novel diagnostic markers, and prognostic val-
ues. Furthermore, a selective targeting of cancer cells
displaying stem-cell like properties through induced dif-
ferentiation of cancer stem cells, or through innovative
combination of molecular diagnostics with conventional
therapies holds a lot of promise. However, future ther-
apeutic approaches need to consider and overcome
possible side effects associated with a targeting of
endometrial SP cells, since the endometrium is a highly
regenerative tissue that depends on physiological
stem cell function.4,8,15
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