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INTRODUCTION

The endometrium is a complex multicellular tissue lining the uterus that plays a crucial role
in human reproduction. This multi-layered organ is composed of a functionalis layer, adjacent
to the uterine lumen and a basalis layer, attached to the myometrium. These layers comprise
several cell types including luminal and glandular epithelial cells, endometrial stromal cells,
immune cells and vascular cells forming the spiral arterioles (Kobayashi and Behringer, 2003; Roy
and Matzuk, 2011; Hart, 2016). This unique tissue undergoes remarkable dynamic remodeling
orchestrated by menstrual repair, proliferation and differentiation processes, which are carefully
controlled by female sex hormones during the menstrual cycle. The remodeling requires a delicate
interplay of cellular and molecular events that enable the endometrium to be receptive for embryo
implantation. During the proliferative (or follicular) phase, both the endometrial glands and stroma
of the functionalis layer proliferate in response to rising estrogen levels coming from the ovarian
follicular. Consequently, the thickness of the endometrium increases. Then, the functionalis layers
maturate during the secretory (or luteal) phase with the concomitant presence of secretory and
ciliated cells in response to progesterone. In the absence of conception, this tissue sheds before
regenerating for a subsequent menstrual cycle (Kobayashi and Behringer, 2003; Roy and Matzuk,
2011). Defects in endometrium remodeling and function can lead to the development of various
types of disorders that affect considerable numbers of women. These includes infertility, pregnancy
disorders, endometriosis and endometrial cancers (Hart, 2016). For instance, endometriosis a
condition in which endometrial tissues proliferate outside the uterus leading to pelvic pain,
excessive bleeding and infertility affects between 10 and 15% of all women of reproductive age
(Giudice and Kao, 2004; Vercellini et al., 2013). Endometrial cancer, the most commonmalignancy
of the female genital tract, affects ∼3% of women, with the highest rates registered in North
America and Europe (Lortet-Tieulent et al., 2017; Urick and Bell, 2019).

Even if progress has been made in the knowledge of the endometrium structure and function,
little is known regarding the molecular and the cellular mechanisms involved in this dynamic
remodeling in both physiological and pathological conditions. The main obstacle of such studies
is the lack of accurate models. Many insights have been provided thanks to studies using
mouse models. However, these models do not accurately recapitulate the specificities of human
endometrial development and function. As a matter of fact, endometrium decidualization in mice
and humans are quite different. Decidualization of the endometrium occurs in rodents exclusively
when there is an incoming embryo or in response to mechanical injury, whereas in humans
the endometrium undergoes decidualization in a cyclic manner, regardless of the presence of an
embryo (Gellersen et al., 2007; Peterse et al., 2018). Therefore, findings obtained with these animals
often cannot be directly translated to humans. Immortalized or carcinoma-derived cell lines, such
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as Ishikawa cells (derived from epithelial endometrial cells) or
St-T1b cell (derived from stromal endometrial cells) are also
available for in vitro investigations. While these cells are easily
cultured for long periods (Table 1), there are general limitations
of using such cell lines including their genetic background,
the potential changes acquired following transformation and
during their establishment in culture (Mannelli et al., 2015).
Alternatively, primary endometrial cells can be isolated, but
these are difficult to maintain and expand in long term
culture. Most of these cells lose their phenotype and hormone
responsiveness in culture (Mannelli et al., 2015). Moreover,
two dimensional (2D) cell cultures do not faithfully mimic
in vivo three dimensional (3D) structure and function. These
limitations prompted researchers to find novel strategies to
model human endometrium. To that end, 3D-culture methods,
namely organoids hold promise as models to better mimic in vivo
human endometrium.

ORGANOIDS DERIVED FROM HUMAN
PRIMARY ENDOMETRIUM

Organoids can be defined as 3D in vitro tissue models that
recapitulate many of the physiologically relevant properties and
features of the in vivo tissue. Numerous studies have succeeded to
derive organoids from various primary tissues such as intestine,
liver, pancreas (reviewed in Clevers, 2016). The recent discovery
that human endometrial organoids can be generated from
primary endometrial cells has opened up new possibilities to
investigate biological processes involved in human pregnancy,
disease modeling and testing therapeutic compounds for clinical
applications (Boretto et al., 2017; Turco et al., 2017). To generate
human endometrial organoids, primary endometrial tissue
samples are dissociated with enzymatic procedures (collagenase
and/or dispase) and resuspended into Matrigel droplets in
a defined medium that was shown to promote organoid
formation and maintenance from primary tissue or iPSC-
derived cells (Figure 1). The define medium includes activators
of WNT signaling (WNT ligands and R-respondin-1), growth
factors (EFG, FGF10), TGFβ inhibitors (A83-01), BMP inhibitor
(Noggin) and nicotinamide. Importantly, these organoids can
be generated from endometrium biopsies obtained throughout
the menstrual cycle phases, as well as from endometrium
from pregnant and post-menopausal women. Moreover, these
organoids can be extensively passaged (every 7–10 days for
more than 6 months in culture) while maintaining genetic
and phenotypic stability (Turco et al., 2017). This provides
opportunity for cryopreserved bio–banking of these endometrial
organoids and easily accessible resource for future investigations.

Endometrial organoids have been shown to recapitulate many
features of human endometrium. First, genomic analysis through
RNA sequencing reveals that these endometrial organoids cluster
more closely to glands than to stroma, which recapitulates the
molecular signature of the endometrial glands in vivo. Second,
these organoids respond to sex hormones in a similar manner
to that expected in vivo. Organoids treated with progesterone
exhibited characteristics of the endometrium in its secretory

phase, with an increased folding of the glands with the presence
of subnuclear vacuolation in the columnar cells. In line with
this, endometrial organoids have the ability to generate the two
main endometrial cell types: (i) the secretory cells (progestogen-
associated endometrial protein (PAEP) positive) that are present
in the in vivo secretory endometrium, and (ii) and ciliated
cells (acetylated-α-tubulin positive) that are present in vivo
in the uterine luminal epithelium and in superficial glands
(Boretto et al., 2017; Turco et al., 2017). By contrast, organoids
treated with estrogen displayed morphologic characteristics of
the endometrium during the proliferative phase, as revealed
by the presence of pseudostratified glandular epithelium. Cells
positive for the TRH (Thyrotropin-releasing hormone) marker
were also found in organoids treated with estrogen (Boretto et al.,
2017; Turco et al., 2017).

ENDOMETRIUM 3D CULTURE DERIVED
FROM HUMAN INDUCED PLURIPOTENT
STEM CELLS

Soon after the generation of organoids from human primary
endometrium, a method for culturing human endometrial
stromal fibroblasts (EMSFs) from induced pluripotent stem cells
(iPSCs) was published by Miyazaki et al. (2018) (Figure 1).
Using embryoid body culture conditions, iPSCs were successively
directed into intermediate mesoderm (IM, after 4 days of
differentiation) and the Müllerian duct (MD, after 8 days
of differentiation), a tissue that gives rise to the female
reproductive tract including the uterus, the oviduct and
the upper vaginal canal. Thereafter, MD cells were further
differentiated into endometrial stromal fibroblasts (EMSFs)
using 5′-aza-2′-deoxycytidine (5aza2), CHIR99021, 17β-estradiol
(E2), FGF9, and PDGF-BB for another 6 days. As expected
for EMSFs, these cells expressed the critical endometrial
markers including HOXA10, HOXA11, and PGF genes/proteins
(Miyazaki et al., 2018). Interestingly, iPSC-derived EMSFs
undergo decidualization in response to an 8 days-treatment
with a hormonal-based cocktail containing E2, progestin and 8-
bromoadenosine 3′,5′-cyclic adenosinemonophosphate (cAMP),
recapitulating hormone responsiveness of the endometrial
stroma. Markers for decidualization such as FOXO1, HAND2,
IGFBP1, and PRL were all found to be up-regulated using this
approach. Moreover, RNA sequencing analysis of these iPSC-
derived EMSFs confirmed a transcriptional signature which
recapitulated endometrial stroma (Miyazaki et al., 2018).

ADVANTAGES AND APPLICATIONS OF
ENDOMETRIAL ORGANOIDS

It is now widely accepted that 3D organoids more accurately
mimic the structural and the functional properties of the in vivo
tissue compared with its 2D cell culture counterparts. One reason
for this is the ability of organoids to recapitulate the physiological,
biomechanical, and biochemical microenvironments of the
in vivo tissue, which is simply not possible in the case of
2D cell culture growing in a homogeneous monolayer. As
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TABLE 1 | Comparative advantages and drawbacks of the current in vitro endometrial models.

Immortalized human

endometrial cell lines

Organoid culture of

human endometrium

Endometrial cells derived from

human iPSCs

Rate of initial establishment Moderate Moderate Moderate

Derivation time 2–4 months ∼1 month 2–4 months (including differentiation)

Maintenance in culture Easy Not easy Not easy

Required expertise Low High High

Expansion Very high High (but limited) Very high

Cost Low High High

Endometrial development and disease

modeling

No Yes Yes

Genetic manipulation High High High

Possibility to generate isogenic controls Yes Yes Yes

Microenvironment of the in vivo tissue No Yes Possible using co-culture

such, organoids allow cell-cell interactions and cell-extracellular
(ECM) matrix interactions in all the three dimensions,
interactions which are very limited, if not impossible, in 2D cell
culture (Table 1).

A key advantage of endometrial organoid model is the ability
to genetically modify the cells, which represents a significant
benefit compared with the time and the energy required to
create for instance a knock-out mouse model (Table 1). These
organoids can be manipulated genetically through various
means, including both viral (e.g., lentiviral and adeno-associated
viral vectors) and non-viral (e.g., electroporation) approaches,
lending itself favorably to gene editing and transposon-based
gene modification strategies. In this regards, CRISPR/Cas9, the
most attractive gene editing technique, has enabled researchers
to efficiently manipulate genomic sequences in organoids
derived from primary tissue or from iPSCs, repairing for
instance putative genetic mutations in patient-derived iPSCs
or by introducing genetic mutations in healthy wild type
cells (Matano et al., 2015).

Perhaps the most obvious application of endometrial
organoids is as an in vitromodel system for researchers studying
endometrial development. As these cultures can incorporate
most of the cell types present in the in vivo tissue and recapitulate
many of the structural and functional properties of the in
vivo tissue, endometrial organoids constitute a valuable tool for
the investigation of the changes and events that occur during
the menstrual cycle and during early pregnancy following the
establishment of the placenta. Until now, it was not possible
to adequately capture these events in a woman. Moreover,
endometrial organoids may be an alternative to the existing
models used for the investigation of embryo-endometrium
interactions (reviewed in Weimar et al., 2013). It allows to
study of the initial stages of human embryo implantation
in vitro and should provide a better understanding of the
mechanisms underlying human embryo-endometrium cross-
talk. Such studies are a prerequisite for the improvement of
assisted reproduction outcomes and for the prevention of early
pregnancy loss.

In the last decade, organoid culture has been widely used
to model human disease in vitro (the so-called “disease in a

dish”). Recent progress in generating endometrial organoids
from either primary biopsy or iPSCs hold great promise to
model endometrial disorders such as infertility, pregnancy
disorders, endometrial cancers, endometriosis, Asherman
syndrome, and possibly others (Figure 1). In this respect,
Turco and colleagues have succeeded to derive organoids from
endometrial cancer from post-menopausal women (Turco
et al., 2017). These organoids phenocopied the morphology
of the primary tumor from which it was derived (FIGO grade
I endometrioid carcinoma with predominant gland growth,
nuclear pleomorphism, and disorganized epithelium with
irregular basement membrane), supporting the idea that
this model recapitulates the histological organization and
phenotype of the endometrial carcinoma. Also, this model
allows the comparison of the endometrial carcinoma tissue
with the normal adjacent endometrium providing an isogenic
control tissue, without the biological “noise” that could result
from the variability of an individual’s genetic background
(Turco et al., 2017). More recently, Boretto et al. derived
organoids from patients with low- to high grade endometrial
cancers. Interestingly, these organoids capture accurately cancer
subtypes, recapitulate disease phenotype and display patient-
specific drug responses (Boretto et al., 2019). Patient-derived
endometrial organoids can also be exploited for modeling
endometriosis, a disease that affects between 10 and 15% of all
women of reproductive age and 70% of women with chronic
pelvic pain (Giudice and Kao, 2004; Vercellini et al., 2013). When
one considers that there is no curative solution for endometriosis
(Fadhlaoui et al., 2014), it is hoped that endometrial organoids
may help to accelerate the development of novel therapeutics in
this area of research.

As alluded to above, a promising avenue for use of endometrial
organoids in translational research is the possibility to identify
novel therapeutic targets and at the same time, to perform screens
of molecules for endometrial diseases (Figure 1). Endometrial
organoids derived from primary biopsies or from iPSCs can
provide a more relevant model for high throughput drug
screening than immortalized or carcinoma-derived cell lines.
Also, patient-derived endometrial organoids offer a powerful
model for predicting efficacy and safety at preclinical stages.

Frontiers in Cell and Developmental Biology | www.frontiersin.org 3 February 2020 | Volume 8 | Article 84

https://www.frontiersin.org/journals/cell-and-Developmental-biology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-Developmental-biology#articles


Hibaoui and Feki Endometrial Organoids in Development and Disease

FIGURE 1 | Schematic representation of 3D-culture technology for generating endometrial organoids from patient biopsy, and for differentiating patient-derived iPSCs

into endometrial stromal fibroblasts (EMSFs). These 3D-culture methods will lead to valuable clinical insights thanks to their potential applications in endometrial

development, disease modeling and drug screening. Ultimately, these methods hold special promise for the development of personalized medicine approaches.

In fact, toxicology testing is one of the most attractive uses
of diseased endometrial organoids, given that it is possible
to generate healthy controls (matched isogenic and non-
isogenic), as well as cells and tissues that are involved in
drug metabolism including cholangiocytes, liver or intestine,
from patient-derived iPSCs (Takebe et al., 2013; Watson et al.,
2014; Sampaziotis et al., 2015). Such a model will undoubtedly
improve our understanding of the genetic basis and themolecular
mechanisms that govern the side effects of drugs currently used
for endometrial diseases.

HURDLES AND CHALLENGES OF
ENDOMETRIAL ORGANOIDS

The fact that endometrial organoids recapitulate the temporal
progression of endometrial development presents both an
advantage and disadvantage. While it offers an unprecedented
opportunity for researchers to probe the different stages of
human endometrial development, such organoids take a long

time to proliferate and mature in culture, elevating cell culture
costs and potentially compromising reproducibility (Table 1).
The latter hurdle arises mainly from the self-organization
property of organoids (more particularly for organoids derived
from iPSCs). Therefore, researchers should carefully control the
proliferation and maturation process of endometrial organoids,
while also being critical in discriminating true phenotypes
from observations of sporadic events in a dish. Poor control
of this process will lead to an inherent variability between
organoid samples, making it very difficult to quantitatively assess
experiments in an unbiased manner. In order to understand
the molecular and cellular mechanisms underlying endometrial
development in physiological and pathological conditions, it is
essential that every endometrial organoid display near-identical
phenotypic characteristics in terms of size, shape, cellular
composition, and architecture and similar functional properties.

Because of their 3D nature, the size of all organoids is limited
by oxygen and nutrient supply. Viable parts of the organoids are
restricted by the physical area over which oxygen and nutrients
can diffuse from the surrounding media. Therefore, researchers
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should be aware of necrosis in the interior of organoids.
Such a hurdle can be overcome introducing vascularization
to the organoids. Thus, extensive effort will likely focus on
the development of biomaterials and microfluidic systems that
can be used to engineer a vascularized network to supply the
organoid interior with sufficient oxygen and nutrients (Brassard
and Lutolf, 2019).

While the endometrial organoid model is still in its
infancy, a long term goal of this technology will be to apply
it for cell replacement in regenerative medicine. However,
significant improvements regarding the safety will be required
in order to derive clinical grade iPSCs. An important concern
would be selection of the optimal method for reprograming
patient cells into iPSCs, as retroviral- or lentiviral-based
methods can cause insertional inactivation of tumor suppressor
genes, insertional activation of oncogenes and variability in
the differentiation potential of these cells (for review see
(Hibaoui and Feki, 2012, 2015). Among the integration-free
methods of reprograming, episomal plasmids and Sendai viral
vectors appear to be methods of choice for deriving clinical
grade iPSCs.

CONCLUDING REMARKS

Endometrial organoids, whether derived from primary human
biopsy or from patient-derived iPSCs provide unprecedented

opportunity to study the human endometrium. The possibility
to derive endometrial and trophoblast organoids from primary
biopsies (Boretto et al., 2017; Turco et al., 2017, 2018)
together with the capacity to differentiate endometrial cells
and trophoblast cells from iPSCs (Hibaoui and Feki, 2013;
Horii et al., 2016; Miyazaki et al., 2018) offer new area of
investigations. Such organoids can be exploited for disease
modeling, drug screening, testing and benchmarking for novel
therapeutics, as well as the potential evaluation of personalized
therapeutic medicine approaches (Figure 1). Finally, considering
the progression at which the biopsy-derived and iPSC-derived
organoid field has advanced in the past 5 years (Nature Methods,
2018), there is a good reason for optimism that endometrial
organoids will enhance our understanding of the molecular
and cellular mechanisms involved in endometrial development
and disease.

AUTHOR CONTRIBUTIONS

YH and AF conceived, designed, and wrote the manuscript.

ACKNOWLEDGMENTS

The authors would like to especially thank Dr. Marco
Alessandrini, Dr. Mauricio Olguin Albuerne, and Dr. Audrey
Roussel-Gervais for useful comments and proofreading.

REFERENCES

Boretto, M., Cox, B., Noben, M., Hendriks, N., Fassbender, A., Roose, H., et al.

(2017). Development of organoids from mouse and human endometrium

showing endometrial epithelium physiology and long-term expandability.

Development 144, 1775–1786. doi: 10.1242/dev.148478

Boretto, M., Maenhoudt, N., Luo, X., Hennes, A., Boeckx, B., Bui, B., et al.

(2019). Patient-derived organoids from endometrial disease capture clinical

heterogeneity and are amenable to drug screening. Nat. Cell Biol. 21,

1041–1051. doi: 10.1038/s41556-019-0360-z

Brassard, J. A., and Lutolf, M. P. (2019). Engineering stem cell self-

organization to build better organoids. Cell Stem Cell 24, 860–876.

doi: 10.1016/j.stem.2019.05.005

Clevers, H. (2016). Modeling development and disease with organoids. Cell 165,

1586–1597. doi: 10.1016/j.cell.2016.05.082

Fadhlaoui, A., Bouquet De La Jolinière, J., and Feki, A. (2014).

Endometriosis and infertility: how and when to treat? Front. Surg. 1:24.

doi: 10.3389/fsurg.2014.00024

Gellersen, B., Brosens, I. A., and Brosens, J. J. (2007). Decidualization

of the human endometrium: mechanisms, functions, and clinical

perspectives. Semin. Reprod. Med. 25, 445–453. doi: 10.1055/s-2007-

991042

Giudice, L. C., and Kao, L. C. (2004). Endometriosis. Lancet 364, 1789–1799.

doi: 10.1016/S0140-6736(04)17403-5

Hart, R. J. (2016). Physiological aspects of female fertility: role of the

environment, modern lifestyle, and genetics. Physiol. Rev. 96, 873–909.

doi: 10.1152/physrev.00023.2015

Hibaoui, Y., and Feki, A. (2012). Human pluripotent stem cells:

applications and challenges in neurological diseases. Front. Physiol. 3:267.

doi: 10.3389/fphys.2012.00267

Hibaoui, Y., and Feki, A. (2013). Human pluripotent stem cells as

alternative models to study trophoblast development. Front. Physiol. 4:374.

doi: 10.3389/fphys.2013.00374

Hibaoui, Y., and Feki, A. (2015). Concise review: methods and cell types used

to generate down syndrome induced pluripotent stem cells. J. Clin. Med. 4,

696–714. doi: 10.3390/jcm4040696

Horii, M., Li, Y., Wakeland, A. K., Pizzo, D. P., Nelson, K. K., Sabatini, K., et al.

(2016). Human pluripotent stem cells as a model of trophoblast differentiation

in both normal development and disease. Proc. Natl. Acad. Sci. U.S.A. 113,

E3882–E3891. doi: 10.1073/pnas.1604747113

Kobayashi, A., and Behringer, R. R. (2003). Developmental genetics of

the female reproductive tract in mammals. Nat. Rev. Gene. 4, 969–980.

doi: 10.1038/nrg1225

Lortet-Tieulent, J., Ferlay, J., Bray, F., and Jemal, A. (2017). International patterns

and trends in endometrial cancer incidence, 1978–2013. J. Natl. Cancer Inst.

110, 354–361. doi: 10.1093/jnci/djx214

Mannelli, C., Ietta, F., Avanzati, A. M., Skarzynski, D., and Paulesu, L. (2015).

Biological tools to study the effects of environmental contaminants

at the feto–maternal interface. Dose-Response 13:1559325815611902.

doi: 10.1177/1559325815611902

Matano, M., Date, S., Shimokawa, M., Takano, A., Fujii, M., Ohta, Y., et al.

(2015). Modeling colorectal cancer using CRISPR-Cas9–mediated engineering

of human intestinal organoids. Nat. Med. 21, 256–262. doi: 10.1038/nm.3802

Miyazaki, K., Dyson, M. T., Coon, V. J. S., Furukawa, Y., Yilmaz, B.

D., Maruyama, T., et al. (2018). Generation of progesterone-responsive

endometrial stromal fibroblasts from human induced pluripotent stem

cells: role of the WNT/CTNNB1 pathway. Stem Cell Rep. 11, 1136–1155.

doi: 10.1016/j.stemcr.2018.10.002

Nature Methods (2018). Method of the Year 2017: organoids. Nat Methods 15:1.

doi: 10.1038/nmeth.4575

Peterse, D., Clercq, K. D., Goossens, C., Binda, M. M., Dorien, F. O.,

Saunders, P., et al. (2018). Optimization of endometrial decidualization in the

menstruating mouse model for preclinical endometriosis research. Reprod. Sci.

25, 1577–1588. doi: 10.1177/1933719118756744

Roy, A., and Matzuk, M. M. (2011). Reproductive tract function and dysfunction

in women. Nat. Rev. Endocrinol. 7, 517–525. doi: 10.1038/nrendo.2011.79

Frontiers in Cell and Developmental Biology | www.frontiersin.org 5 February 2020 | Volume 8 | Article 84

https://doi.org/10.1242/dev.148478
https://doi.org/10.1038/s41556-019-0360-z
https://doi.org/10.1016/j.stem.2019.05.005
https://doi.org/10.1016/j.cell.2016.05.082
https://doi.org/10.3389/fsurg.2014.00024
https://doi.org/10.1055/s-2007-991042
https://doi.org/10.1016/S0140-6736(04)17403-5
https://doi.org/10.1152/physrev.00023.2015
https://doi.org/10.3389/fphys.2012.00267
https://doi.org/10.3389/fphys.2013.00374
https://doi.org/10.3390/jcm4040696
https://doi.org/10.1073/pnas.1604747113
https://doi.org/10.1038/nrg1225
https://doi.org/10.1093/jnci/djx214
https://doi.org/10.1177/1559325815611902
https://doi.org/10.1038/nm.3802
https://doi.org/10.1016/j.stemcr.2018.10.002
https://doi.org/10.1038/nmeth.4575
https://doi.org/10.1177/1933719118756744
https://doi.org/10.1038/nrendo.2011.79
https://www.frontiersin.org/journals/cell-and-Developmental-biology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-Developmental-biology#articles


Hibaoui and Feki Endometrial Organoids in Development and Disease

Sampaziotis, F., Cardoso De Brito, M., Madrigal, P., Bertero, A.,

Saeb-Parsy, K., Soares, F., et al. (2015). Cholangiocytes derived

from human induced pluripotent stem cells for disease modeling

and drug validation. Nat. Biotechnol. 33, 845–852. doi: 10.1038/n

bt.3275

Takebe, T., Sekine, K., Enomura, M., Koike, H., Kimura, M., Ogaeri, T.,

et al. (2013). Vascularized and functional human liver from an iPSC-

derived organ bud transplant. Nature 499, 481–484. doi: 10.1038/nature

12271

Turco, M. Y., Gardner, L., Hughes, J., Cindrova-Davies, T., Gomez, M. J.,

Farrell, L., et al. (2017). Long-term, hormone-responsive organoid cultures of

human endometrium in a chemically defined medium. Nat. Cell Biol. 19:568.

doi: 10.1038/ncb3516

Turco, M. Y., Gardner, L., Kay, R. G., Hamilton, R. S., Prater,

M., Hollinshead, M. S., et al. (2018). Trophoblast organoids

as a model for maternal–fetal interactions during human

placentation. Nature 564, 263–267. doi: 10.1038/s41586-018-

0753-3

Urick, M. E., and Bell, D. W. (2019). Clinical actionability of molecular

targets in endometrial cancer. Nat. Rev. Cancer 19, 510–521.

doi: 10.1038/s41568-019-0177-x

Vercellini, P., Viganò, P., Somigliana, E., and Fedele, L. (2013).

Endometriosis: pathogenesis and treatment. Nat. Rev. Endocrinol. 10:261.

doi: 10.1038/nrendo.2013.255

Watson, C. L., Mahe, M. M., Múnera, J., Howell, J. C., Sundaram, N., Poling, H.

M., et al. (2014). An in vivo model of human small intestine using pluripotent

stem cells. Nat. Med. 20, 1310–1314. doi: 10.1038/nm.3737

Weimar, C. H. E., Post Uiterweer, E. D., Teklenburg, G., Heijnen, C. J., and

Macklon, N. S. (2013). In-vitro model systems for the study of human

embryo–endometrium interactions. Reprod. Biomed. Online 27, 461–476.

doi: 10.1016/j.rbmo.2013.08.002

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Hibaoui and Feki. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Cell and Developmental Biology | www.frontiersin.org 6 February 2020 | Volume 8 | Article 84

https://doi.org/10.1038/nbt.3275
https://doi.org/10.1038/nature12271
https://doi.org/10.1038/ncb3516
https://doi.org/10.1038/s41586-018-0753-3
https://doi.org/10.1038/s41568-019-0177-x
https://doi.org/10.1038/nrendo.2013.255
https://doi.org/10.1038/nm.3737
https://doi.org/10.1016/j.rbmo.2013.08.002
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cell-and-Developmental-biology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-Developmental-biology#articles

	Organoid Models of Human Endometrial Development and Disease
	Introduction
	Organoids Derived From Human Primary Endometrium
	Endometrium 3D Culture Derived From Human Induced Pluripotent Stem Cells
	Advantages and Applications of Endometrial Organoids
	Hurdles and Challenges of Endometrial Organoids
	Concluding Remarks
	Author Contributions
	Acknowledgments
	References


