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The endometrium is one of the most dynamic tissues in the human
body, undergoing hormonally regulated cycles of growth and shed-
ding each month. There is evidence that endometrial stem/progenitor
cells are responsible for the regenerative properties of the en-
dometrium, and there has been a great deal of interest in charac-
terizing these cells so that they can be harnessed to treat infertility,
disease, and injury, or modulated to treat proliferative disorders of
the endometrium such as cancer and endometriosis [1].

Many of the tools and techniques used to study stem/progenitor
cells in other tissues have proved invaluable in endometrial research.
Colony-forming assays have been used to detect epithelial and stro-
mal cells with the stem cell-related ability to expand clonally in vitro
[2]. In vivo transplantation assays have demonstrated that certain
endometrial populations are capable of reconstituting endometrial
epithelium and stroma in vivo [3]. Label retention studies in the
mouse have identified quiescent populations that are activated during
regeneration [4]. Stem/progenitor markers have been used to iden-
tify cell types that may be involved in endometrial regeneration [5].
Several studies have also touched on the utility of three-dimensional
culture systems in endometrial research [6]. However, recent studies
by Turco et al [7] and Boretto et al [8] represent the first systematic
examination of the conditions and protocols required to initiate,
maintain, and cryopreserve endometrial epithelial organoids.

Organoids are defined as three-dimensional structures generated
in vitro from stem cells that self-organize through cell sorting into
multicellular structures that have functionality representative of the
organ or tissue from which they were derived [9]. They are a minia-
ture and simplified version of their parent organ/tissue and may
contain multiple differentiated cells types. Organoids are often de-
rived from tissue fragments containing tissue specific progenitor cells
and can be clonally propagated. Organoids represent a powerful
test of the regenerative and differentiation potential of the initiat-
ing cell type and the developmental processes they recapitulate, cell

arrangement in the niche and lineage commitment, as the various
cell types self-organize into mini-organs or tissues [9]. Organoid
systems have proved to be an invaluable tool for investigating
stem/progenitor cells in organs including intestine, liver, pancreas,
prostate, fallopian tube, and kidney [7, 10].

Studies by Turco et al [7] and Boretto et al [8] are detailed ex-
aminations of methods for generating epithelial organoids from en-
dometrium. Turco et al generated organoids from normal and ma-
lignant human endometrium, and Boretto et al from normal human
and mouse endometrium. Both studies used matrigel and a defined
culture medium supplemented with factors that promote organoid
formation and maintenance by cells from other tissues (Figure 1A).
Key factors promoting organoid formation and maintenance were
shown to include activators/amplifiers of WNT signaling (WNT lig-
ands and/or RSPO (R-spondin-1)), growth factors (EGF, FGF10) act-
ing as epithelial mitogens, inhibitors of TGFβ (A83–01) and BMP
(Noggin) signaling, and nicotinamide (commonly used in iPS and
embryonic stem cell differentiation). Organoids generated could be
maintained for many passages and several months (>6 months),
and remained viable after cryopreservation. Both studies provide
evidence that organoids are of clonal origin, and Turco et al also
show that human endometrial organoids are genetically stable af-
ter passaging for more than 5 months. Endometrial organoids show
physiologically relevant responses to ovarian hormones, with estro-
gen increasing proliferation and estrogen-regulated gene expression,
and progesterone slowing proliferation, increasing progesterone-
regulated gene expression and promoting differentiation of secretory
and ciliated cells (Figure 1B). Mouse endometrial organoids survive
when transplanted under the kidney capsule and expand in response
to ovarian hormones [8].

Endometrial epithelium has historically been difficult to main-
tain in vitro, and the ability to reliably produce, maintain, and
cryopreserve physiologically relevant epithelial organoids from

C© The Authors 2017. Published by Oxford University Press on behalf of Society for the Study of Reproduction. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com

781

Downloaded from https://academic.oup.com/biolreprod/article-abstract/97/6/781/4587925
by Biomedical Library user
on 18 June 2018

http://www.oxfordjournals.org
mailto:Caroline.Gargett@hudson.org.au
mailto:journals.permissions@oup.com


782 J. A. Deane et al., 2017, Vol. 97, No. 6

Figure 1. The derivation and properties of endometrial organoids reported in [7, 8]. (A) Endometrial organoids are produced by enzymatic dissociation of
endometrium to obtain glandular epithelial fragments that are grown in serum-free medium and matrigel suplemented with key factors allowing the initiation
and growth of organoids. (B) Endometrial organoids replicate pseudostratified endometrial epithelium and contain both secretory and ciliated epithelial cells
when subjected to differentiation stimuli. Abbreviations: BMP, Bone morphogenetic protein; EGF, epidermal growth factor; FGF10, Fibroblast growth factor
10; hCG, human chorionic gonadotropin; hPL human placental lactogen; HGF, hepatocyte growth factor; PRL, prolactin; TGFβ, transforming growth factor β.
Micrograph in panel B is from Boretto et al [8] and used with permission.

human and mouse endometrium opens up exciting new avenues for
research. Patient-derived endometrial organoids may offer insight
into the epithelial biology underlying infertility and proliferative dis-
eases of the endometrium such as endometriosis and endometrial
cancer. Endometrial organoids offer a new platform for drug discov-
ery and therapeutic development for endometrial disorders as well
as enabling personalized medicine, as an individual’s cryopreserved
organoids can be tested against a range of drugs to identify the most
efficacious treatment. The clonal nature of organoids will allow en-
dometrial epithelial stem/progenitor populations in the endometrium
to be investigated in greater detail. This is particularly pertinent to
the recent identification of N-cadherin as a human endometrial ep-
ithelial progenitor cell marker [5]. The ability to produce organoids
from genetically altered and mutant mice will allow the dissection of
the pathways regulating endometrial stem/progenitor cells and their
niche. Inclusion of stromal cells may enable the generation of more
complex endometrial organoids, an important goal given the key
roles of stromal–epithelial interactions in endometrium. These two
recent studies [7, 8] describe methods that are a notable addition to
the toolkit available to the endometrial research community.
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