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Abstract: Stem cells are undifferentiated cells that still exist in adult tissues and organs. Stem cells have multi-direc-
tional differentiation potential and can be induced into various specialized cell types under specific circumstances
in vitro. The human endometrium is a highly proliferative tissue that remodels monthly and contains stem cells with
self-renewal ability. Menstrual blood-derived stem cells are called endometrial regenerative cells (ERCs) and can be
obtained non-invasively. ERCs have been widely applied in tissue engineering via different mechanisms. However,
gene mutation in stem cells might lead to cancer stem cells (CSCs), which form a subpopulation of cancer cells
with self-renewal ability. CSCs in endometrial carcinoma show resistance to conventional chemotherapy, which is
often associated with poor prognosis. Here, the advances in this field are discussed with the aim to provide insights
toward novel therapeutics.
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Introduction

The human endometrium is composed of epi-
thelium, endothelium, and stroma and can be
divided into a functional layer and a basal layer.
The functional layer contains the upper 2/3 of
the glands that extend from the surface of both
epithelium and stroma; the basal layer contains
the lower 1/3 glands, stroma, vasculature, and
lymphoid aggregates. The endometrium fea-
tures a rapid rate of proliferation, differentia-
tion, and shedding of approximately 400 cycles
during a woman’s reproductive life. While the
basal layer is not affected by hormones, the
uterine endometrium can thicken from 0.5 mm
to 3-5 mm in response to the dynamic cycling
process of the functional layer. Clinical obser-
vations showed that the endometrium can even
regenerate after a very successful resection
operation; endometrium regeneration was also
found in postmenstrual women who received
hormone replacement therapy. It has therefore
been postulated that stem cells are present in
the endometrium that contribute to the regen-
eration of the functional layer every month.

While endometrial regenerative cells (ERCs) are
important in tissue engineering, a subpopula-
tion with stem-cell characteristics has been
identified in endometrial carcinoma-endometri-
al cancer stem cells (ECSCs). ECSCs have been
reported to initiate tumor formation in immuno-
compromised mice and are associated with
EC invasiveness and chemotherapeutic resis-
tance. In this review, recent progress in the field
of ERCs and potential strategies for targeting
ECSCs are discussed.

Existence of endometrial stem cells

Prianishnikov first introduced the hypothesis of
the existence of endometrial stem cells in 1978
[1]. Goodell observed a type of hematopoietic
stem cells and named them SP cells, where
these cells can efflux the DNA dye Hoechst
33342. Most of these cells were in the GO
phase, i.e., in a stationary state. Similar SP cells
are representatives of the pluripotency of endo-
metrial stem cells. Chan reported the existence
of endometrial epithelial and stromal cells in
patients with uterine myomas; furthermore,
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these cells could form colonies in vitro [2]. Two
years later, Chan et al. reported the existence
of label-retaining cells in the mice endometri-
um and further reported that these stem cells
are located in “niches”. Based on this progress,
scholars identified CD146+/PDGFR-3+ mesen-
chymal stem cells near vessels in both func-
tional layer and basal layer [3]. In summary,
three types of stem cells have been identified
in the human endometrium: epithelial stem
cells, endothelial stem cells, and mesenchymal
stem cells. It has been suggested that these
cells might originate from bone marrow since
bone marrow stem cells generally circulate in
numerous organs and tissues. Cervello ana-
lyzed the HLA expression in the endometrium in
patients who received bone marrow transplan-
tation and reported that none of the HLA anti-
gens matched [4]. There was no mismatched
HLA in the control group but still, epithelial cells
and mesenchymal cells from donors were
found in the endometrium of recipients. Several
scholars suggested that endometrial stem cells
were the product of embryonic stem cells
(ESCs) [5, 6]. Recent studies indicate that stem
cells exist in the uterine endometrium in situ,
namely EnSCs.

Endometrial regenerative cells

Compared to other stem cells, EnSCs offer
many advantages. EnSCs proliferate extensive-
ly both in vivo and in vitro, with a doubling time
of 19.4 hours, which is twice as fast as the time
of bone marrow-derived stem cells [7]. Since
clinical treatment is dose-dependent, the appli-
cation prospect of EnSCs is bright. However,
this rapid proliferation tends to cause insta-
bility in chromosomes. Animal experiments
showed that EnSCs could extend to 40 pas-
sages without tumor formation, nor mutation
on the chromosome level. The proliferation of
EnSCs is regulated by Wnt signaling. It can
inhibit EnSC proliferation through intranuclear
translocation of 3-catenin [8].

Compared to ESCs, EnSCs avoid ethical issues
and their low immunogenicity and low tumorige-
nicity suggest novel diagnosis and therapies in
the near future. Bone marrow-derived stem
cells express an abundance of factors that are
relevant for tumor pathways (TGF-B1, TGF-B2).
EnSCs express inflammation factors such as
ICAM-1 and IL-8, which indicates that EnSCs
may play a role in acute phase of inflammation.
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Moreover, EnSCs express PDGF-BB and angio-
poietin. These factors can aid angiogenesis in
tissue repair [9]. These characteristics indicate
EnSCs as a suitable source no other existing
stem cell model can match for tissue engineer-
ing. When suffering from hypoxic or inflamma-
tory conditions, EnSCs have the potential to
differentiate into multiple lineages that aid cell-
based therapies. It has been recently reported
that EnSCs could be extracted from menstrual
blood and are then called endometrial regen-
erative cells (ERCs). In addition to the above-
mentioned advantages, ERCs can be obtained
in a non-invasive manner and can be efficiently
gene modified, which means that they could be
genetically manipulated for future gene delivery
[10]. ERCs can be induced into induced pluri-
potent stem cells iPSCs with high efficiency.
iPSCs can be achieved via ectopic expression
of four transcriptional genes in fibroblasts: OC-
T4, KLF4, SOX2, and c-MYC. However, iPSCs
come at a significant cost and offer low efficien-
cy; furthermore, reprogramming takes as long
as four weeks. ERCs could reduce the induction
time to 12 days even in the absence of c-MYC
[14].

Endothelial progenitors and SDF-1 are impor-
tant for both the release and homing of stem
cells [12]. It has been reported that ERCs
express SDF-1 and the chemokine receptor
CXCR4, thus contributing to the migration of
ERCs in damaged tissue [13]. With regard to
surface markers, ERCs express markers of
mesenchymal stem cells such as CD9, CD-
44, CD73, CD9O, and CD105, while lacking
the mesenchymal stem cell marker STRO-1
[14]. CD31 (endothelial), CD34 (hematopoietic
stem cell), and CD45 are negative in ERCs.
Interestingly, the ESC marker OCT-4 is positive
in ERCs, and it is not influenced by hormones.
Musashi-1 is a type of protein that is related to
self-renewal and NOTCH was reported to be
expressed in ERCs. Both interact with “niches”
to participate in ERCs self-renewal and diffe-
rentiation.

Differentiation potential of ERCs

ERCs can differentiate into osteoblasts, adi-
pose cells, chondrocytes, smooth muscle cells,
cardiocytes, hepatic cells, and pancreatic cells.
p38 and c-Jun have been suggested to play a
role in the normal differentiation of ERCs. As
previously mentioned, adult stem cells reside in
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a specific location with a specialized microenvi-
ronmental structure called “niche”. This niche
is composed of niche cells and stroma. Good
differentiation in in vitro experiments requires
a specific cell density, cell-cell and cell-matrix
contact, the appropriate differentiation factors,
and conditioned medium (CM). Therefore, it is
important to closely mimic the “niche” microen-
vironment in vitro. However, these factors are
difficult to determine [15]. Khanjani compared
two protocols for hepatic cell differentiation
induced by ERCs, at a high concentration of
hepatocyte growth factor (HGF). Mature hepa-
tocyte surface markers (ALB and CK-18) were
up-regulated at both protein and mRNA levels.
Furthermore, the function of hepatocytes was
better when they were induced in serum-free
medium [19]. ERCs could also differentiate into
decidua-like cells. While the E2+P4 protocol
was not effective for decidualizing ERCs, cAMP
promoted the expression of decidualization
markers (prolactin and insulin like growth fac-
tor binding protein-1) [16].

With regard to the differentiation potential
compared to other MSCs, Rahimi et al. designed
two protocols for cardiomyocyte differentiation.
5-aza+bFGF seemed better at inducing ERCs
into cardiomyocytes than 5-aza alone. Under
this protocol, ERCs were the better choice for
cardiac cell differentiation than BM MSCs [17].
Similarly, when composed to human platelet
releasate (HPR), ERCs are equal to BM MSCs
in differentiating in osteoblasts [18]. These
observations indicate ERCs as an alternative
for stem cell-based therapy [19].

Immunomodulation of ERCs

MSCs have been reported to have extensive
immunomodulation capacity. They are capable
of inhibiting MLR and promoting Tregs (regula-
tory T cell generation) and at same time they
inhibit the differentiation of Th1 and Th2 [20].
With regard to the underlying mechanism, the
inflammation factor IFN-y increases in response
to tissue impair. Then, chemokines and adhe-
sion molecules are activated, leading to the up-
regulation of iNOs. T lymphocytes are inhibited
when migrating to stem cells. Murphy [21] sug-
gested a similar conclusion when discussing
possible mechanisms of SC-treated limb isch-
emia: ERCs not only inhibited MLR, but also
blocked production of pro-inflammatory factors
such as INF-y and TNF-a. Co-culture of ERCs
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and PBMCs has been used to test for allogenic
reactions. Cells were co-cultured at a ratio
of 1:2 for 6 d. ERCs presented a weak stimula-
tory response in MLR [22]. Nikoo et al. [23]
pointed out that ERCs modulated the prolife-
ration of PBMCs in a dose-dependent manner.
ERCs showed an inhibitory effect at ratios bet-
ween 1:1 and 1:2. However, if the ratio ranges
between 1:32 and 1:64, ERCs promoted PBMC
proliferation. Therefore, when the ERC concen-
tration is low, less cell-cell contact could ge-
nerate soluble factors, which are required for
PBMS proliferation. In contrast, if the concen-
tration is high, intra-cellular interactions could
function [24]. ERCs have been suggested to
improve stroke and other neurodegenerative
diseases via inflammation regulation [25]. First,
SDF attracts stem cells to the inflammation site
[26], where undifferentiated cells survive lon-
ger than differentiated cells [27]. Finally, the
host tissue secretes differentiation-stimulating
factors, thus avoiding the continuous effect of
previously differentiated cells [28]. The survival
time of transplanted cells is limited, ensuring
the safety of transplanted cells to some extent
[29].

ERC-based therapy

Increasing evidence indicates that ERCs hold
great potential for cell-free treatment. ERCs
can secret MMP3, MMP10, and a number of
paracrine factors such as VEGF and FGF [30].
They can protect impaired tissue from further
injury. ERCs express VEGF and increase their
secretion of TGFB2, EGF, and NO when exposed
in unfavorable conditions. Thus, cytokines may
play a role in the treatment of multiple dise-
ases. Moreover, MSCs have been reported to
secret cholesterol-rich, phospholipid vesicles,
and exosomes. Huang et al. reported that exo-
somes secreted by MSCs had anti-apoptosis,
anti-inflammation, and anti-cardiac functions.
Moreover, they contribute to cardiac regenera-
tion and neovascularization. Consequently, ex-
osomes secreted by ERCs enable new insight
regarding the treatment of cardiovascular dis-
eases [31]. After transplanting ERCs into a my-
ocardial infarction animal model, Jiang [32]
observed an improvement in cardiac function,
showing a myocardium volume increase. How-
ever, no obvious differentiation of ERCs was
seen in the myocardial infarction site. Instead,
phosphorylation of survival kinases (AKT) incr-
eased as did the expression of Bcl-x1, while
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caspase cleavage was inhibited. The entire pro-
cess showed that ERCs can reduce apoptosis
in a paracrine manner. Other functions of ERCs,
including the promotion of endogenous progen-
itor regeneration and the increased density of
vasculature, lead to a final increase in myocar-
dial salvage and regeneration. With regard to
ERCs, the mechanism is not always identical
even for the same disease. ERCs decrease the
degree of fibrosis in myocardial infarction and
inhibition of TGFB/Smad-induced endothelial to
mesenchymal transition was involved [33].

With regard to diseases of the digestive sys-
tem, Wu [34] reported that ERCs stimulated
B-cell regeneration through endogenous pro-
genitors in a paracrine manner, which ultimate-
ly improved hyperglycemia in mice with type-1
diabetes. Ulcerative colitis is a type of inflam-
matory bowel disease, where ERC treatment
achieved pleasant results in UC treatment in
animal model. In the studies of LV et al., MPO (a
type of activated neutrophil marker) and Mac-1
protein expression were compared using immu-
nohistochemistry between experimental group
and control group. MPO and Mac-1 positive
cells (macrophage and NK cells) decreased
significantly in the ERCs-treated experimental
group. IL-4 and IL-10 were up regulated at the
MRNA level in the experimental group, while
IL-2 and TNF-a were up regulated in the control
group. ERCs also impacted the number of
immune cells. CD11c+MHC-II+DCs decreased
in the experimental group, and it was suggest-
ed that ERCs inhibited monocytes from differ-
entiating into DCs, down-regulated the CD3+
CD8+T-cell level, and decreased cytotoxicity
in immunomodulation approaches, which was
consistent with a previous study [35].

Cancer stem cells in endometrial carcinoma

Cancer stem cells (CSCs) have been reported in
tumors such as brain [36], breast [37], prostate
[38], ovary [39], lung [40], colon [41], pancreas
[42], melanoma [43], and endometrial carcino-
ma [44]. CSCs are a subpopulation of cancer
cells with stem cell properties and are tumori-
genic when transplanted into immunocompro-
mised mice [45]. CSCs have unlimited prolife-
rative ability and show resistance to conven-
tional chemotherapy. Endometrial carcinoma
(EC) is the most common malignant gynecolog-
ic cancer in developed countries [46]. EC can
be classified into two types: type | and type Il
[47]. Type | EC, also known as endometrioid EC,
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accounts for the majority of cases and often
presents a favorable prognosis. Type Il non-
endometrioid EC however, are often associat-
ed with metastasis or deep invasion. Low effi-
cacy is observed when the chemotherapy ag-
ents paclitaxel or cisplatin have been applied
to type Il EC patients [48]. It has been assumed
that the poor prognosis of EC might be related
to cancer stem cells in EC [49, 50]. Hubbard et
al. confirmed that rare cells in EC had colony
forming ability and were able to develop addi-
tional tumors after serial transplantation for up
to five passages [51]. A high proportion of CSCs
in cancer has been accepted as an indicator of
unfavorable prognosis. CSCs have been con-
sidered to originate from normal endometrial
stem cells [52]. Genetic alteration such as the
depletion of the PTEN (phosphatase and tensin
homolog deleted on chromosome 10) gene,
has been suggested to play a role in endome-
trial carcinoma null gland formation. The theory
of “stem cell-hit” is generally accepted as the
mechanism for CSC origination from somatic
stem cells in the normal endometrium [53].

Markers to identify endometrial cancer stem
cells (ECSCs)

CD133 has been widely accepted as a cancer
stem cell marker in several solid tumors. A pre-
vious study has demonstrated CD133 as a
potential marker for ECSCs [54, 55]. CD133+
cells were found to generate both CD133+ cells
and CD133- cells, suggesting that they had
self-renewal ability. ABCG2 is a multi-drug resis-
tance gene that was up regulated in CD133+
cells compared to CD133- cells [56]. CD133+
cells also showed increased invasiveness,
which is likely caused by high levels of MT-
MMT expression [57]. Overall the survival
rate was significantly lower in strong CD133+
expression patients compared to a lower
expression group. The proportion of CD133+
cells could be a dependent prognostic factor
for EC and this finding may help with the deter-
mination of molecular targets for ECSCs [58].
SP cells have been isolated in various tumors
and have been reported to exhibit stem cell-
like characteristics. SP cells isolated from EC
could form invasive tumors with both tumor
cells and stromal-like cells [59]. Furthermore,
these SP cells demonstrated good potential
to differentiate into mesenchymal cell lineages,
according to a study that reported the differen-
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tiation of SP cells into cells that expressed
a-SMA in Matrigel [60].

Role of microRNAs in ECSCs

B-lymphoma mouse Moloney leukemia virus
insertion region 1 (BMI-1) is a self-renewal gene
that was recently found to be overexpressed in
EC. Aberrant BMI-1 expression was seen in
CSCs. BMI-1 has been reported to induce EMT
in EC. EC cell invasion could be reduced by
silencing BMI-1 expression. This knockdown of
BMI-1 inhibited clonal growth and cell prolifera-
tion. MicroRNAs are non-coding RNAs that can
bind to the 3’ untranslated region (UTR) of the
target mRNA, which finally leads to RNA degra-
dation or protein expression repression. In the
research of Dong et al., miR-194 directly tar-
geted BMI-1 and induced mesenchymal to epi-
thelial transition (MET), thus reducing the cell
invasiveness in EC [61].

Gao [62] compared mMIRNA-134 expression
between human endometrial cancer stem cells
(huECSCs) and human endometrial cancer cells
(HUECCs) and reported a significant difference.
miR-134 suppressed HUECSC proliferation and
migration by reducing protein O-glucosyltrans-
ferase (PLGLUT1) and notch pathway proteins.
Additionally, miR-134 prevented HUECSCs fr-
om forming sphere clones, which reduced the
multi-drug resistance of HUECSCs. Overexpres-
sion of miR-134 suppressed the formation of
xenograft tumors by exerting an effect on the
G2/M phase, which led to cell cycle arrest.

miR-101 is downregulated in poorly-differenti-
ated endometrial cancer cell lines. Reexpressi-
on of miR-101 induced senescence and apop-
tosis in aggressive endometrial cancer cells.
Similar to miR-134, the ectopic overexpression
of miR-101 inhibited EMT-induced cancer cell
invasiveness and improved the chemosensitiv-
ity to paclitaxel by abrogating the sphere-form-
ing capacity in EC. EZH2, MCL-1, and FOS were
direct targets of miR-101. miR-101 levels were
lower in EC while elevated EZH2, MCL-1 and
FOS were observed in EC, which could be re-
sponsible for the CSC-like phenotype and inva-
siveness in EC cells [63]. Their inverse expres-
sion levels in EC tissue suggest new strategies
in EC therapeutics.

Increasing evidence suggests that activation of
the PIBK/AKT pathway is related to the EMT/
CSC phenotype [64]. As previously described,
the PTEN-PIBK-AKT-mTOR axis promoted EMT
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in EC by upregulating EMT inducers. This signal-
ing pathway was vital for CSC properties. miR-
NAs that downregulate PISBK/AKT related genes
could be applied as a potential approach in
EC treatment.

Other practical therapeutics targeting ECSCs

Significant progress in specific approaches tar-
geting ECSCs has been achieved. Scholars
have confirmed that the stem cell marker Mu-
sashi-1 was upregulated in endometrial carci-
noma. Decreased Notch-1 expression was ob-
served following knockdown of Musashi-1, whi-
le p21WAF1/CIP1 was up-regulated in Ishikawa
endometrial carcinoma cells [65]. p21WAF1/
CIP1 upregulation induces both apoptosis and
cell cycle arrest in various cell lines [66]. The
Notch pathway is related to self-renewal in
CSCs. y-secretase could inhibit the release of
Notch intracellular domain, which would be ef-
fective in treating CSCs [67]. Histone Deacety-
lases (HDACs) participate in the inhibition of
several tumor suppressor genes and re-expres-
sion of these genes could be induced via treat-
ment of sodium butyrate (NaB), a HDAC inhibi-
tor. NaB was observed to induce cell death via
different mechanisms including the enhance-
ment of DNA damage response (DDR) signals
and elevated p21 expression levels. Colony for-
mation was also suppressed in RK12V-SP cells
[68]. TGF-B is an upstream inducer of EMT. EMT
is generally related to metastasis and invasive-
ness of EC. TBRI-KI, a TGF-B type | receptor
kinase inhibitor, effectively inhibited EMT and
the sphere forming capacity of EC. Salinomycin
is an antibacterial drug, with effectivity in killing
breast cancer stem cells [69]. Kusunoki et al.
reported that EMT-associated genes were up-
regulated in Hec1-SP cells. Salinomycin inhibit-
ed EMT-induced migration of Hec1-SP cells by
suppressing the expression of fibronectin. Mo-
reover, salinomycin downregulated Wnt target
genes and induced apoptosis in Hec1-SP cells
[70]. While CSC targeting agents have yielded
satisfying outcomes, more detailed research
should be conducted pre-clinically to prevent
off-target effects.

In conclusion, ERCs are attracting increasing
attention. ERCs are regarded as the “off the
shelf” solution in many fields. However, ERCs
also have limitations in some aspects. Certain
types of diseases happen among high-risk
groups such as males or postmenstrual women
in epidemiology. This constitutes obstacles for
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autologous ERC transplantation. However, ev-
en animal experiments for different diseases
result in satisfactory outcomes. Clinical trials
are only in the early phase and a limited num-
ber of diseases has been tested. Further stud-
ies are required to further clarify the issue. The
existence of ECSCs offers new suggestions
with regard to the chemotherapeutic resistance
and poor prognosis in EC. Combination of con-
ventional therapy with CSC-targeting agents
has great potential in EC treatment. However,
due to different ratios of CSCs in patients and
CSC evolution within a patient, particular atten-
tion should be paid to achieving a better out-
come with less side effects.
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