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The Clinical Applications of Endometrial
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Endometrial mesenchymal stem cells (enMSCs) are a class of novel adult stem cells with self-renewal capacity,
differentiation potential, low immunogenicity, low tumorigenicity, and other biological characteristics. Since
the discovery of enMSCs, they have become a hot research topic. In recent years, research on enMSC isolation
and application have made great progress. In this review, we focus on the clinical applications of this cell type.
The latest research on the applications of enMSCs in the immune, gynecological, cardiovascular, digestive,
nervous systems and metabolic diseases, as well as biobanking of enMSCs will be reviewed.
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Introduction

Mesenchymal stem cells (MSCs) can be harvested
from various human organs or tissues. With the rapid

development of storage techniques, MSCs are becoming more
convenient for research and clinical applications, although
such applications are still restricted by limitations in collection
techniques as well as ethical and legal restrictions.1–4

Chan reported the discovery of cells with strong multi-
directional differentiation potential in the endometrium, the
so-called endometrial MSCs (enMSCs). There are three kinds
of stem cells in human endometrium: MSCs, epithelial stem
cells, and endothelial stem cells. The CD146+PDGFR-b+
subpopulation comprise the enMSCs.5 Recently, researchers
recommended W5C5 (SUSD2) as an alternative single marker
to purify the same PDGF-Rb+/CD146+ enMSC subpopula-
tion.6 When setting a marker CD146+PDGFR-b+CD45- to
identify the in vivo perivascular location for enMSCs, both
the functionalis and basalis of human endometrium were
positive,7 indicating that enMSCs can also be derived from
menstrual blood.8–10 Thus, these cells are also known as
menstrual blood-derived stem cells (MenMSCs).

EnMSCs can be available potentially 12 times per year
from reproductive age women, offering sufficient time to
store cells for therapy. Compared with bone marrow mes-
enchymal stem cells (BMSCs), the noninvasive method for
obtaining enMSCs is more acceptable for patients and can
reduce their discomfort.11,12 Moreover, enMSCs show a

greater multiplication ability.13,14 Among women 30–60
years of age, the younger the donors are, the stronger the
multiplication ability.15 Studies have shown that enMSCs
maintain a normal karyotype after 12 passages of subculture
and retain their embryonic stem cell markers for up to 20
cycles of subculturing, or after infusion into a rat model for
stroke.12 In addition to the considerable multiplication
ability, enMSCs have a strong potential in differentiation.

Evidence suggests that enMSCs exhibit a multilineage
potential and have attracted extensive attention in regener-
ative medicine. Recent studies have shown enMSCs have a
high rate of proliferation and possess multilineage differen-
tiation capacity. Menstrual blood was introduced as an easily
accessible stem cell source that can be isolated noninvasively
from female volunteer donors with no ethical obstacles,
making enMSCs an abundant and easily available source with
no immunological response for cell replacement therapy.
Many studies have shown that enMSCs can differentiate
into many cell lines under standard culture conditions, in-
cluding the epiblast, mesoblast, and hypoblast cells, such as
fibroblast-like cells when treated with connective tissue
growth factor,16 decidual cells,17 oocyte-like cells, pancreatic
cells,7 Schwann cells,18 osteoblasts,19 endometrial epithelium
cells,20 adipocytes,21 neurons, and hepatocyte-like cells. The
potential for cell therapy is promising in nerve regeneration,
inducing enMSCs entering into the neurons in vitro to provide
an unlimited source of human neural cells and facilitate their
clinical applications for neurological diseases.22 Studies have

1Xiangya School of Medicine, Central South University, Changsha, China.
2Institute of Human Reproductive and Stem Cell Engineering, Xiangya School of Medicine, Central South University, Changsha, China.
3Department of Anatomy and Neurobiology, Xiangya School of Medicine, Central South University, Changsha, China.

BIOPRESERVATION AND BIOBANKING
Volume 16, Number 2, 2018
ª Mary Ann Liebert, Inc.
DOI: 10.1089/bio.2017.0057

158



also compared the hepatic differentiation ability of enMSCs
with BMSCs, taking accessibility, refreshing nature, and the
lack of ethical issues into account, and concluded that
enMSCs could be considered a safe alternative to BMSCs for
future stem cell therapy for chronic liver diseases.23 More-
over, enMSCs can differentiate to epidermal cells that can be
used noninvasively in various dermatological lesions and
diseases.24 Since enMSCs can transform into oocyte-like
cells, they may potentially represent an in vitro system for the
investigation of human folliculogenesis.25 Based on the
overall results from prior research, we suggest that enMSCs
could represent a new promising tool having potential within
cell therapy applications. Thus, the clinical application of
enMSCs is the focus of this review.

Studies have shown that MSCs derived from the umbili-
cal cord matrix, adipose tissue, and bone marrow have dif-
ferent abilities to inhibit B and T lymphocytes and natural
killer cells in peripheral blood.26 MSCs can also have im-
munosuppressive effects on other immunocompetent cells
such as dendritic cells (DC) by affecting the DC recruit-
ment, maturation, and function.27 These immunomodulatory
capabilities are generated by releasing inflammatory cyto-
kines into the tissue microenvironment.28 Secreting immu-
nosuppressive cytokines such as interferon-gamma (IFN-g)
and tumor necrosis factor-alpha make MSCs detrimental for
both innate immunity and adaptive immunity.29–32 However,
as a newly discovered category of MSCs, the capabilities of
enMSCs in immunology are not very clear. A few studies
show that enMSCs have the characteristics of low immu-
nogenicity and immunosuppressive effects,33–35 the key to
clinical applications.

Research on Clinical Applications

Application of enMSCs in the immune system

The investigations from Zhou determined that enMSCs
had a low expression of HLA-ABC while HLD-DR was
negative, indicating that enMSCs have low immunogenicity.
When cocultured with mouse spleen lymphocytes or human
peripheral blood lymphocytes, enMSCs can inhibit their
proliferation and significantly suppress the IFN-g secretion
of human peripheral blood lymphocytes, which may be in-
duced by TGF-b1 secreted by enMSCs.33 Subsequent re-
search found that when cocultured with peripheral blood
mononuclear cells (PBMCs), enMSCs play a dual role,
which depends on the ratio between enMSCs and PBMCs.
At a higher ratio (1:1 to 1:2), enMSCs inhibited the prolif-
eration capacity of PBMCs, while at lower ratios (1:32 to
1:64) they promoted proliferation. Further studies are re-
quired to determine the molecules and mechanisms re-
sponsible for this dose-dependent effect.34 Mahmood et al.
cocultivated enMSCs and monocytes in a report from 2014.
There is a significantly decreased level of CD1a+ (iDC
specific) cells and an increased level of CD14+ (monocyte
specific) cells in the cocultivated group than in the mDC-
only (enMSC-DC) group, showing that the stem cells could
inhibit the differentiation of monocytes toward iDCs.35

They also measured the concentration of cytokines, finding
that the levels of IL-6 and IL-10 had a noticeable increase in
the coculture groups, suggesting enMSCs could inhibit the
generation and maturation of iDCs via secreting immuno-
suppressive cytokines.

Experiments have been conducted to confirm that
enMSCs have low immunogenicity,33 which is an important
foundation to allow enMSCs to be used in clinical appli-
cations. With their low immunogenicity, when enMSCs are
injected into the human body, they have weaker immuno-
logical effects and prevent immune injury. These results have
encouraged us to suggest the use enMSCs as a new stem cell
source in stem cell therapy for premature ovarian failure
(POF),36 diabetes,37 Parkinson’s disease,38 liver cirrhosis,39

myocardial infarction40 and so on. Another important im-
munological characteristic of enMSCs is the immunosup-
pressive effects similar to other MSCs,35 and combined
with their low immunogenicity advantage, enMSCs in the
future may be used to suppress autoimmunity or harmful
excessive immune responses, and thus applied in treatment
of autoimmune diseases, inflammation, and organ or bone
marrow transplantation.

Application of enMSCs in the gynecological system

With its multidirectional differentiation potential and the
advantage of similar tissue specificity, enMSCs are con-
sidered a good source for conducting stem cell therapy for
gynecological diseases, especially certain tissue damage that
is difficult to repair.

It has been demonstrated that enMSCs are capable of
differentiation into endometrial epithelium and stromal cells
in vitro under the induction of estradiol.41 When implanted
subcutaneously in nonobese diabetic/severe combined im-
mune deficiency female mice, enMSCs were found to re-
construct endometrial tissue.42 Both endometrium thickness
and microvessel density (MVD) increased after implanta-
tion of enMSCs in a mouse endometrial injury model.43

When enMSCs were injected into a POF mouse model, they
could survive and express specific proteins of ovarian
granulosa cells, indicating that enMSCs can differentiate
into granulosa-like cells.44 Furthermore, ovarian weight,
estradiol levels, and the number of normal follicles were
higher than in the control group. Dongmei also found that
the estrous cycle and body weight of the mice were in-
creased and green fluorescence was detected in the ovarian
stroma after injecting green fluorescent protein-labeled
enMSCs.45 Meanwhile, the increasing estradiol levels can
also promote the development of follicles. The five experi-
ments above demonstrate that enMSCs have the potential to
differentiate to endometrial tissue and granulosa-like cells
in vitro, and their effects on reconstruction and repair in vivo
as shown in mouse models. Patients with intrauterine ad-
hesion were found to have fewer enMSCs than healthy
controls by immunohistochemistry under hysteroscope, also
revealing that enMSCs play an important role in maintaining
the structure and function of the endometrium.41 In 2017,
Wang et al. proved that enMSCs could repair premature
ovary in mice, suggesting that transplantation of enMSCs
may provide an effective and novel strategy for treating
POF.36 In addition, Zhang discovered that enMSCs have the
ability to identify sites of injury and direct migration.43 This
feature suggests that it is advantageous to implant enMSCs
through the veins instead of through the endometrium, and
thus reduce damage to the patient in clinical applications.
The studies on tissue injury have progressed only in animal
models. To date, studies have only shown a phenomenon,
but nothing related to the mechanism or the potential risks
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such as tumorigenicity or risk of causing endometriosis.
Many details remain to be assessed before clinic trials be-
come appropriate.

Under the background concerning intrinsic antitumor
properties of MSCs against various kinds of cancer,46–49 Bu
et al. conducted in vitro and/or in vivo experiments to de-
termine whether enMSCs have innate antitumor properties
on epithelial ovarian cancer (EOC) cells.50 The results show
that enMSCs can attenuate tumor growth in various ways in
in vitro and/or in vivo experiments. This supports the hy-
pothesis and provides a new strategy for therapy of EOC.
With its properties against EOC, enMSCs may be used for
various tumors.

In 2003, Wu et al. showed epithelial cells of endometrium
ectopic foci to be monoclonal, suggesting that stem cells
may play a role.51 Chan et al. showed that ectopic endometrial
lesions contain cells with the feature of enMSCs, in 2011.52 All
of the evidence supports the view that the enMSCs play an
important part in the formation of endometrial ectopic lesions.
In the formation of ectopic endometrial lesions, blood vessel
formation is the key. Yerlikaya et al. found that patients’ an-
giogenesis factors such as vascular endothelial growth factor
receptor (VEGFR) and platelet-derived growth factor subunit
B in endometrial ectopic foci express more highly than in
eutopic endometrium, and higher in eutopic endometrium of
patients than healthy subjects.53 From this research, another
way enMSCs can repair tissues was found to be through the
promotion of angiogenesis. Their secretion products may be
helpful in the repair of damaged tissues. The specific mecha-
nisms of endometriosis and the role of enMSCs remain to be
further studied. Angiogenesis and cell migration are believed
to be the most important processes to form an endometrial
ectopic lesion. Based on the above research, we can propose a
hypothesis that enMSCs migrate to the ectopic foci and secrete
factors to promote angiogenesis, and thus form endometrial
tissue. In addition, Proestling et al. found that the epithelial
expression of OCT4, SOX15, and TWIST1 is increased in the
ectopic lesions compared to the eutopic endometrium and
patients without endometriosis, revealing that upregulation of
these markers contributes to the establishment of ectopic en-
dometriotic lesions.54 Upregulation of these stemness-related
factors also supports the hypothesis that enMSCs are the key to
the treatment of endometriosis.

Application of enMSCs in the cardiovascular system

In 2008, Hida et al. transplanted enMSCs into the in-
farcted region of nude mice, and found that enMSCs dif-
ferentiated into cardiomyocytes. Compared with the control
group, the infarct size of the transplanted enMSC group de-
creased significantly. The results proved enMSCs have a
significant effect on improving recovery from myocardial
infarction.40 Subsequently, Jiang et al. injected enMSCs into
the infarcted zone of the rat myocardial ischemic model.
Compared with the control group, the cardiac function of the
transplanted group was significantly improved, the density of
the heart blood vessel was higher, and the transplantation of
enMSCs promoted the regeneration of the cardiomyocytes.
Meanwhile, enMSCs and cardiomyocytes were cocultured in
a transwell plate. As a result, enMSCs mainly promoted the
proliferation of existing cardiomyocytes through paracrine
cytokines.55 Later, Jiang et al. directly extracted and enriched
an enMSC-derived cytokine cocktail (EdCC) from enMSC

culture medium to improve myocardial ischemia/reperfusion
injury. The results showed that EdCC could significantly in-
hibit the expression of cleaved caspase 3 in the myocardial
cells, demonstrating the antiapoptotic effect of EdCC from
both cellular and protein levels.56 The paracrine products of
enMSCs are safer and more efficient than enMSCs, and
therefore more suitable for clinical use. This suggests that we
should pay more attention to the efficacy of the secretions of
enMSCs. Jiang et al. also studied the function and mechanism
of MSCs from three different sources (bone marrow, adipose,
and endometrium) as therapeutic agents for the treatment of
cardiovascular diseases.55 They found that enMSCs provided
better cardiac protection related to BMSCs or adipose MSCs
and supported enhanced MVD.57 However, their study did
not use enMSCs for clinical applications. However, in 2010,
Ichim et al. injected enMSCs into a congestive heart fail-
ure patient’s body by intravenous injection and found the
patient’s ejection fraction increased from 30% to 40%, with
Pro-BNP reduced.58 This is the only reference found in the
literature concerning enMSCs for clinical use in cardiovas-
cular disease. There are two possible reasons for this lack of
information. First, the current research on enMSCs is not very
thorough. Second, there is too much uncertainty concerning
enMSCs for clinical use, such as how to control the tumori-
genicity of enMSCs. For these reasons, researchers have paid
more attention to the secretion of enMSCs.

Application of enMSCs in the digestive system

EnMSCs are changed to hepatic-like morphology and
form a 3D structure when being cultured in hepatic differ-
entiation media or being cocultured with liver homogenate
in vitro, imitating hepatic-like function. The expression of
albumin (ALB) and a-fetoprotein (AFP) is higher when
being cocultured with homogenate from damaged liver tis-
sue, indicating the clinical potential to repair liver injury.59

In vitro animal experiments were conducted in Zhejiang
University to explore the mechanism in the treatment of
liver cirrhosis in 2015. EnMSCs were monitored migrating
to the damaged region in the induced hepatic fibrosis mice,
whereas almost no hepatic-like cells that differentiated from
enMSCs were found. However, LX-2, an immortalized he-
patic stellate cell line that is the main source of fibroblasts,
was obviously reduced when cocultured with enMSCs.39

Thus, enMSC function was verified to reduce the amount of
collagen deposition, and the proliferation ability of LX-2
was weakened due to enMSC paracrine effect. However,
this finding is too early to be applied in the clinic, because
there is not sufficient evidence from animal studies about the
inhibitory effect on LX-2 in vivo.

Previous treatments for ulcerative colitis (UC) are based
on anti-inflammatory therapy, inducing immune tolerance,
which leads to the result that patients miss the optimal period
for surgery, along with side effects such as the development
of metabolic syndromes.60 UC might be cured with enMSC
tissue repair healing capacity, depending on the potential of
self-renewal and multidirectional differentiation.61 Although
there have been no in vitro experiments to improve the dif-
ferentiation of enMSCs to intestinal mucosal epithelial cells,
enMSCs can interact with immune cells with soluble factor
secretion.62 From animal testing, the researchers induced UC
mice by injecting dextran sulfate sodium. The enMSC-treated
group was shown to produce an obvious curative effect for
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UC in comparison with the untreated group. Despite that, the
treated group failed to reach the state of the healthy group
completely.63 However, the results suggested that enMSCs
may also be effective for other inflammatory mediator-
induced diseases. Since the repair mechanism has not been
explored completely, the consequences of clinical application
of UC cannot be predicted.

Application of enMSCs in the nervous system

Stroke is a serious nervous system disease and it is a
threat to human life and the quality of life. Tissue plas-
minogen activator is currently the best available therapeutic
agent for stroke in clinical settings. However, the thera-
peutic window for the administration of the drug is limited
to 3 hours after the onset of symptoms,64,65 and so, the
patient usually cannot receive timely treatment. Borlongan
et al. developed a stroke model through oxygen glucose
deprivation (OGD) and cocultured enMSCs with OGD-
exposed primary rat neurons in vitro. They found enMSCs
can reduce the death of these neurons. In further experi-
ments, they transplanted enMSCs into rats with stroke,
which also demonstrated the neuroprotective and neuro-
genesis effects of enMSCs.66 In 2012, Rodrigues and Bor-
longan et al. found that enMSCs promoted neuroprotection
especially through modulation of the activated immune
system and secretion of neurotrophic factors.67 In addition
to the treatment of stroke, enMSCs were used for treatment
of Parkinson’s disease. Wolff et al. induced differentiation
of enMSCs into dopaminergic neuron-like cells and trans-
planted them into a Parkinson’s rat model. They found that
these cells migrated to the lesion site of the rat and produced
dopamine, demonstrating that enMSCs could effectively re-
pair damaged neurons through cell replacement and by pro-
moting endogenous repair.38 In 2015, Wolff used St. Kitts
green monkeys as test subjects, and found that enMSCs dif-
ferentiated into a small number of tyrosine hydroxylase-
positive cells and improved striatal dopamine production.68

Although cell and animal experiments have demonstrated that
enMSCs can repair damaged neurons to treat stroke and Par-
kinson’s disease, there are only a few clinical reports. In 2009,
one study mentioned the effect of enMSCs in the treatment of
gliomas. The tumor size in mice was reduced by 50% after
injecting enMSCs in a mouse glioma model, probably because
enMSCs have an antiangiogenic effect.69 However, no further
study of treatment of gliomas with enMSCs was found.46 Also,
in a previous article, we have repeatedly mentioned enMSC
function to promote angiogenesis.51 The argument in this ar-
ticle contradicts the preceding text.53 Perhaps in different cir-
cumstances the treatment mechanism is different. At present,
there is almost no clinical research concerning enMSCs in
the treatment of neurological diseases in China or elsewhere.
The most important reason is the effect of the blood–brain
barrier on enMSC treatment of nervous system diseases.
However, the current experiments in cells and animal models
have shown a good prospect for using enMSCs for the nervous
system disease.

Application of enMSCs in metabolic disease

Meng et al. induced enMSCs in vitro to differentiate into
three germ lineages, including pancreatic in 2007.9 The
emergence of enMSCs helped relieve the dilemma of stem

cell acquisition problems. EnMSCs were applied to treat
STZ (streptozotocin)-induced type I diabetes mice in 2014.
All studied indexes, including weight and blood sugar,
proved the effect of enMSCs on the treatment of diabetes.
Further studies have confirmed that enMSCs can reverse
the hyperglycemic state and restore islet structure in vivo.
It is worth noting that the mechanism is not to replace
the damaged B cells by enMSCs, but to promote the dif-
ferentiation of progenitor cells, which is presumably ac-
complished through the secretion of cytokines. An in-depth
study of this mechanism has great clinical value.37 The
pathogenesis of diabetes is not simple, so putting stem cell
therapy into clinical practice is premature. Moreover, we
need to know more about stem cell therapy, such as the
functional stability or the side effects on other organs. There
will be a long time interval before enMSCs can be used in
clinical applications.

Biobanking of enMSCs

Biobanks aim to perform research on biological samples
collected from a variety of tissues and biological sample
types. With the continuous development of cell therapy,
such therapy has become an indispensable part of regenera-
tive medicine.70 However, there are still some problems with
cell therapy, such as cell engraftment and survival, stem cell
fate control, and donor/patient compatibility for allogenic
applications.71 Cell therapy still has significant application
prospects. Using stem cells as the source materials for cell
therapy, more and more research has begun to focus on stem
cell collection. Therefore, stem cell banks have received
much attention as a new biologic resource for both research
and clinical applications. Stem cell banks represent a col-
lection of biological materials (e.g., embryos and somatic
tissues) and the associated data stored within an organized
system. MSCs are spindle-shaped, plastic-adherent cells
isolated from bone marrow, adipose tissue, dental pulp, and
many other tissue sources.72,73 They play a therapeutic role
mainly through differentiation and paracrine mechanisms.
They are primarily mediated by a paracrine mechanism
independent of cell differentiation.74 As a kind of MSC,
enMSCs also provide therapeutic benefits through para-
crine mechanisms independent of cell differentiation. This
means that enMSCs have great potential for clinical use.
The purpose of this article is not only to acknowledge the
clinical application of enMSCs but more importantly to
encourage the establishment of enMSC biobanks as well.
As described above, enMSCs have the advantages of rich
sources, abundancy, noninvasive collection methods, signifi-
cant proliferation and differentiation potential, low immu-
nogenicity, and no ethical controversy. Therefore, it is very
useful to build a biobank of enMSCs.

However, establishing enMSC biobanks will be an ar-
duous job. To establish a biobank for enMSCs, we should
know how to separate, extract, identify, and cryopreserve
enMSCs. Cell sources and isolation processes vary greatly.
EnMSCs are derived from two sources: endometrium and
menstrual blood.8–10 Extraction and preservation technology
has matured significantly, which is the basis for the estab-
lishment of enMSC biobanks. One approach is to encourage
menstruating women to store their own enMSCs in bio-
banks, to be used for the future treatment of their own tissue
damage or as a new cell source for stem cell therapy or for
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scientific research. Another approach is to collect the en-
dometrium. MSCs have some common characteristics that
include fibroblast-like shape in culture, multipotent differ-
entiation, extensive proliferation capacity, plastic adher-
ence, and a common surface marker profile (e.g., CD34-,
CD45-, CD31-, CD44+, CD90+, CD166+, and CD105+).70

Therefore, we can use these markers to identify and separate
enMSCs. As for cryopreservation, enMSCs are the same as
other MSCs. Slow freezing protocols utilizing dimethyl
sulfoxide (DMSO) as the cryoprotectant are in use by many
groups.75 Many studies have determined the optimal cryo-
protective agent and concentration for preserving cells, and
standard protocols include a 5%–10% DMSO solution.75–77

The second step to establish enMSC biobanks is to solve the
problem of cell source. The collection of umbilical cord
blood has become very common, and many umbilical cord
blood stem cell banks have been established. However,
enMSCs are a kind of novel stem cells whose advantages
are not known from earlier research. It is important to
strengthen the promotion of using enMSCs, which attracts
people to collect and donate menstrual blood or endome-
trium. As for the donors, they should be healthy women of
25–35 years of age. To obtain high-quality cells, the donors
need to have a health assessment before menstrual blood
collection. The examination would include checking for
infectious diseases such as AIDS and syphilis and gyneco-
logical diseases such as endometriosis, cervicitis, and pelvic
inflammatory disease. The former conditions could lead to
infectious diseases, while the latter disease conditions could
affect the quality of the cells. The most important principles
for establishing enMSC biobanks are to protect the auton-
omy and privacy of donors and ensuring safety through
traceability.78,79

Outlook

The potential of multidirectional differentiation of enMSCs
suggests its potential for repair of various types of tissue
injury. Many reports in the literature have shown that stem
cells can repair the myocardial tissue, endometrial tissue,
ovarian tissue, and liver tissue in animal models. There is
only preliminary information on the repair mechanism of
enMSCs. Compared with other MSCs, enMSCs have low
immunogenicity and tumorigenicity and the expectation of
reducing the prevalence of diseases after further research.

At present, animal experiments and a few clinical cases in
China and elsewhere reveal that the clinical application of
enMSCs has a promising future. There is no doubt that enMSC
biobanks will be of great significance for the treatment of
various diseases and the development of stem cell therapy.
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