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Abstract

Human endometrial and decidual stromal cells are the same cells in different environments (nonpregnancy and pregnancy, respectively). Although
some authors consider decidual stromal cells to arise solely from the differentiation of endometrial stromal cells, this is a debatable issue
given that decidualization processes do not end with the formation of the decidua, as shown by the presence of stromal cells from both the
endometrium and decidua in both undifferentiated (nondecidualized) and decidualized states. Furthermore, recent functional and transcriptomic
results have shown that there are differences in the decidualization process of endometrial and decidual stromal cells, with the latter having a
greater decidualization capacity than the former. These differences suggest that in the terminology and study of their characteristics, endometrial
and decidual stromal cells should be clearly distinguished, as should their undifferentiated or decidualized status. There is, however, considerable
confusion in the designation and identification of uterine stromal cells. This confusion may impede a judicious understanding of the functional
processes in normal and pathological situations. In this article, we analyze the different terms used in the literature for different types of uterine
stromal cells, and propose that a combination of differentiation status (undifferentiated, decidualized) and localization (endometrium, decidua)
criteria should be used to arrive at a set of accurate, unambiguous terms. The cell identity of uterine stromal cells is also a debatable issue:
phenotypic, functional, and transcriptomic studies in recent decades have related these cells to different established cells. We discuss the
relevance of these associations in normal and pathological situations.

Summary Sentence
Decidual stromal cells show a greater capacity for decidualization than endometrial stromal cells, so studies of these stromal cells should clearly
distinguish between these two cell types.

Graphical Abstract

Decidualization from precursor endometrial stromal cells (preEnSCs) to decidualized endometrial stromal cells (dEnSCs) in the endometrium,
and from precursor decidual stromal cells (preDSCs) to decidualized decidual stromal cells (dDSCs) in the decidua. Figure created in
BioRender.com

Keywords: decidual stromal cells, decidualization, endometrial stromal cells, endometriosis, follicular dendritic cells, mesenchymal stem cells, perivascular
cells
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Introduction

The decidua constitutes the maternal part of the placenta in
intimate contact with the fetal trophoblast, and develops in
mammals (including humans) with hemochorial placentation.
It is responsible for the regulation of maternal–fetal toler-
ance and the control of trophoblast invasion [1–3]; in the
absence of decidua, excessive trophoblast invasion occurs and
results in placenta accreta [4]. During the late luteal phase
of the menstrual cycle, the nonpregnant endometrium under-
goes a process of differentiation (decidualization) controlled
by progesterone and other ovarian hormones. If pregnancy
does not occur, the endometrium is shed with menstrua-
tion, but if blastocyst implantation takes place, the decidu-
alization process continues through the effect of pregnancy
hormones, and the endometrium gives rise to the decidua
[5]. Decidualization directly or indirectly involves all cells
of the endometrium and decidua, that is, stromal, epithelial,
endothelial, and immune cells [6], but it is the endometrial
and decidual stromal cells (EnSCs and DSCs) which have been
most thoroughly investigated during this process [7]. Uterine
stromal cells (uSCs) of both the endometrium and decidua
have been analyzed in two different cellular situations, that
is, undifferentiated and differentiated (decidualized), and in
two different physiological locations, that is, the endometrium
(nongestation) and decidua (gestation). The decidualization of
uSCs is, however, a dynamic multistep process that involves:
(1) fibroblast proliferation around the vessels; (2) distancing
of the differentiated cells from the vessels and extravascular
localization; (3) changes in cell morphology toward a rounded
or polygonal shape (Figure 1); and (4) secretion of factors
such as prolactin (PRL) and insulin-like growth factor-binding
protein 1 (IGFBP1) [8, 9].

Uterine stromal cells have been studied at different stages
of differentiation, and named accordingly, in prior histological
studies [7, 10–14] and more recent transcriptomic analyses
[15–19]. However, there is considerable confusion in the terms
used to designate these cells, which arises primarily because
some authors use the term decidual to refer only to differ-
entiation (decidualization) from undifferentiated endometrial
stromal cells [9, 16, 20, 21], whereas others use this term
simply to indicate localization in the decidua of either differ-
entiated or undifferentiated DSCs [22, 23]. Although EnSCs
and DSCs are the same cells in two different physiological
contexts, recent results have shown that DSCs have a greater
capacity for decidualization than EnSCs [18, 19, 24]. These
differences suggest that EnSCs and DSCs should be clearly
distinguished taking into account both criteria, that is, differ-
entiation and localization. In this article, we propose a set of
terms for different uSCs based on the combination of both
criteria. In addition, we discuss the phenotypic and functional
characterization of uSCs and their relationships with different
established cell types, in order to shed additional light on the
nature and identity of these cells.

In search of a name

Names, abbreviations, confusion, and a proposal

According to early histological studies of the nongestational
endometrium, undifferentiated, elongated stromal cells
(fibroblasts) in the vicinity of the vessels undergo mitosis
and differentiate into rounded, polygonal cells, increase
in size and become epithelioid in appearance, leave the
vessels, and spread to the upper two-thirds of the tissue. This

Figure 1. Effects of in vitro decidualization on decidual stromal cell
morphology. (A) Undifferentiated decidual stromal cells (preDSCs)
showed fibroblast-like morphological features. (B) Decidualized decidual
stromal cells (dDSCs) showed a rounded morphology. 200×. From [23],
with permission.

process of differentiation in the endometrium was termed
the predecidual reaction, and the differentiated endometrial
stromal cells were called predecidual cells. Upon implantation,
the process of differentiation continues from perivascular
fibroblasts, and by convention, the endometrium was referred
to as the decidua, and the differentiated stromal cells were
termed decidual cells (Table 1) [7, 10–14, 25].

The acronym ESC used by some authors [19, 20, 26–28]
to refer to endometrial stromal cells is used more frequently
as the abbreviation for embryonic stem cells, and is thus
potentially confusing. Instead, many authors use EnSCs as
the abbreviation for endometrial stromal cells [16, 24, 29].
Another potential source of confusion is use of the term
decidual cells and its abbreviation DC to refer to differ-
entiated EnSCs [16], despite the fact that DC is a well-
established and more widespread abbreviation for dendritic
cells. A 1995 study [9] used the term precursor decidual cells
for undifferentiated fibroblasts in the decidua, thus reflecting
both differentiation and location criteria. Following on from
this designation, Olivares et al. [23] used DSC precursors
or predecidual stromal cells (preDSCs) for undifferentiated
decidual stromal cells, and decidualized decidual stromal cells
(dDSCs) for the differentiated cell counterpart. The abbrevi-
ation preDSCs to indicate undifferentiated decidual stromal
cells was used thereafter by others [30, 31]. The acronym
dDSC is not redundant, as the lower case d indicates the
differentiation stage (decidualization) while the upper case
D denotes the location (decidua). To collectively designate
preDSCs and dDSCs, the acronym DSCs has been used. This
is the system proposed for DSCs in a consensus paper on
terminology for human placental cells [32]. In consonance
with these terms, endometrial stromal cells precursors were
designated preEnSCs, and decidualized endometrial stromal
cells were called dEnSCs. The collective term EnSCs is used for
preEnSCs and dEnSCs [24, 33]. Thus, uSCs decidualize from
preEnSCs in the endometrium during the menstrual cycle, and
from preDSCs in the decidua during pregnancy [9, 23, 34].

Decidualization, however, like all differentiation processes,
is a multistage process with intermediate steps between pre-
cursors and differentiated cells. Recent transcriptomic stud-
ies of the human endometrium and decidua confirmed the
existence of successive cell stages from undifferentiated uSCs
(“pre”) to decidualized cells (“d”), with the expression of PRL
and other genes such as IGFBP1 as markers of terminal decid-
ualization stages [16–19, 35]. In light of these antecedents for
terminology and usage, below, we will use the abbreviations
EnSCs and DSCs and their derivatives for stromal cells of
endometrium and decidua, respectively.

D
ow

nloaded from
 https://academ

ic.oup.com
/biolreprod/article/107/5/1166/6659969 by guest on 27 D

ecem
ber 2023



1168 Stromal cells of endometrium and decidua, 2022, Vol. 107, No. 5

Table 1. Terms used to designate stromal cells in the human endometrium and decidua

Method of
isolation

Methods of study Tissue Undifferentiated uterine
stromal cells

Differentiated
uterine stromal cells

References

Tissue sections

Light microscopy, electron
microscopy

Endometrium

Decidua (different gestational
ages)

Fibroblasts, endometrial
stromal fibroblasts,
fibroblast-like cells (FLC)

Predecidual cells,
pseudodecidual cells
Decidual cells

[7, 10–14]

Immunohistochemistry
Endometrium Endometrial stroma cells

(ESC)
Predecidual stroma
cells (preDSC)

[31]

Decidua (different gestational
ages)

Predecidual stroma cells
(preDSC)a

Decidual stroma cells
(DSC)

Tissue digestion
and density
gradient isolation

Inmunocytochemistry
Decidua (8–17 weeks)

Decidua (term)

Decidual cells

Decidual cells

Large round PRL+
decidual cells
Decidualized cells

[87]

[21]

Tissue digestion
and cell culture

RIA, SDS-PAGE, RNA blot
hybridization analysis

Endometrium (proliferative and
secretory phases)

Endometrial stromal cells PRL-producing
endometrial stromal
cells

[88]

Immunocytochemistry, RIA Endometrium (proliferative
phase)

Endometrial stromal cells Decidualized cells [21]

Immunocytochemistry, RIA, RNA
blot hybridization analysis, flow
cytometry, western blot

Endometrium (proliferative
phase)

Endometrial stromal cells Decidualized
endometrial stromal
cells

[9]

Decidua (term) Decidual fibroblast cells,
precursor decidual cells

Terminally
differentiated decidual
cells

Immunohistochemistry, flow
cytometry

Decidua (first trimester) Stromal cell precursors
(preDSCs)

Decidualized cells
(dDSCs)

[23]

Flow cytometry, immunofluorescence Decidua (first trimester) Predecidual stromal cells
(PreDSCs)

Differentiated decidual
stromal cells (DSCs)

[22]

SC-RNA sequencing,
immunohistochemistry

Endometrium (secretory phase) Endometrial stromal cells
(EnSCs)

Decidual cells (DCs) [16]

Flow cytometry, ELISA, RT-PCR,
western blot

Endometrium (proliferative and
menstrual phase)

preEnSCs Decidualized EnSCs [24]

Tissue digestion,
cell sorting, and
cell culture

Microarray analysis, qRT-PCR,
immunocytochemistry,
immunofluorescence

Endometrium (proliferative and
secretory phases)

Endometrial stromal
fibroblasts (eSF)

Decidualized eSF [71]

Tissue digestion,
magnetic bead
separation, and
cell culture

Immunocytochemistry, RNA
sequencing, qRT-PCR, western blot,
multiplex suspension bead
immunoassay

Endometrium (secretory phase) Endometrial stromal
fibroblasts (eSF)

Decidual cells [39]

Tissue digestion,
fresh cells

SC-RNA sequencing flow cytometry,
immunohistochemistry

Decidua (first trimester) Perivascular cells (PV) Decidual stromal cells
(dS)

[18]

SC-RNA sequencing,
immunofluorescence

Endometrium (all phases) Stromal fibroblasts Decidualized stromal
fibroblasts

[19]

SC-RNA sequencing flow cytometry,
immunohistochemistry, in situ
hybridization

Endometrium (all phases) Stromal-nondecidualized
endometrial (eS) population

Decidualized
endometrial (dS)
population

[15]

Established cell
lines

RNA sequencing Endometriumb Endometrial stromal
fibroblasts (ESF)

Decidual stromal cells
(DSC)

[20]

qRT-PCR, immunoblotting,
immunofluorescence.
Immunohistochemistry, RNA
sequencing

Induced pluripotent stem cell
lines

Endometrial stromal
fibroblasts (EMSFs)

In vitro decidualization
(IVD)

[46]

qRT-PCR, immunoblotting, in situ
hybridization, RNA sequencing

Embryonic stem cell lines,
induced pluripotent stem cell lines

Endometrial stromal
fibroblasts (ESF)

Decidualized ESFs
(dESFs)

[45]

aCells in an intermediate differentiation stage between undifferentiated and fully decidualized DSCs. bThese authors used the term endometrial stromal cells
(ESC) as a collective term for both endometrial stromal fibroblasts (ESF) and decidual stromal cells (DSC).
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Differences between endometrial and decidual
stromal cells

As noted earlier, EnSCs and DSCs are obviously the same
cells, although they are located in different physiological
environments (nongestation and gestation). It is plausible,
however, that the gestational environment induces phenotypic
and functional variations in uSCs. For example, Richards
and colleagues [9] found differences in the decidualization
capacity of EnSCs and DSCs in vitro. Moreover, Kyurkchiev
and colleagues [30] reported that EnSCs had a restricted
potential for in vitro differentiation compared to DSCs. Ruiz-
Magaña and colleagues compared preEnSC lines from men-
strual blood and endometrial biopsies with preDSC lines from
the first trimester of pregnancy, and found that the two cell
types had an equivalent antigenic phenotype similar to that
of mesenchymal stem cells (MSCs) (Table 2). Compared to
preEnSCS, however, preDSCs showed a significantly greater
capacity for decidualization in vitro (estimated as the propor-
tions of rounded cells, cells in apoptosis, and the amount of
PRL secretion by dEnSCs and dDSCs) [24]. Decidualization
is the result of a dialog between cAMP signaling and proges-
terone receptor (PGR) signaling [36]. Increased intracellular
cAMP sensitizes uSCs to the action of progesterone, while
cAMP activates protein kinase A (PKA)—an enzyme consist-
ing of two regulatory subunits (PKA R) and two catalytic
subunits (PKA C)—thereby inducing dissociation of both
types of subunit. The dissociated PKA C subunits phosphory-
late cytoplasmic target proteins, diffuse into the nucleus, and
modulate the activity of transcription factors by phosphory-
lation [37]. These factors may interact with ligand-activated
PGR to initiate transcription of decidua-specific genes [36].
When EnSCs and DSCs were compared, no difference was
found in either basal or decidualization-induced PGR protein
expression. Moreover, decidualization did not regulate PKA
C protein expression, and no differences in expression were
detected between dEnSCs and dDSCs. The protein expression
of PKA R was, however, significantly greater in dDSCs than in
dEnSCs, although the downstream effects of this difference on
activated transcription factors remain to be investigated [24].
The authors concluded that the environment of pregnancy
plays a role, and that the decidualization capacity of uSCs
increased from the endometrium to the decidua [24].

Interestingly, this process is halted in diseases such as
endometriosis [38]. The differences between EnSCs and
DSCs observed in cell lines were confirmed in single-cell
RNA sequencing (SC-RNA seq) studies of fresh cells, in
which low numbers of dEnSCs expressing PRL in the mid-
to-late secretory phase of the menstrual cycle were detected
compared to the higher numbers of PRL-expressing dDSCs
detected in first-trimester decidua [18, 19]. In view of these
findings, as described in the previous section, we proposed
that localization together with differentiation status should
be used to name the different uSCs [32]. It should be noted,
however, that some authors [16, 20, 39] have used the terms
decidual cells or DSC to designate differentiated EnSCs
(Table 1)—a usage that is inconsistent with the differences
noted earlier between these two populations of cells.

In search of an identity

Hematopoietic or mesenchymal identity?

The possible origin of DSCs in bone marrow, the expres-
sion of antigens associated with hematopoietic cells, and the

Table 2. Antigen expression by human preEnSC, preDSC, bone marrow
MSC, and preFDC lines obtained and maintained in equivalent culture
conditions, as determined by flow cytometry [24, 47, 48, 57, 66, 80, 85,
89]

Antigen preEnSCs preDSCs BM-MSCs PreFDCs

CD10a,b + + + +
CD13b + + + +
CD15 − − − −
CD19c − − − ND
CD29b + + + +
CD31 − − − −
CD34c − − − −
CD44b + + + +
CD45c − − − −
CD54 + + + +
CD62P − − − ND
CD73b,c + + + +
CD90b,c + + + +
CD105b,c + + + +
CD106 −/+d −/+d −/+d −/+d

CD140be + + ND +
CD146e + + + −
α-SM actinb + + + +
BAFFf + + − +
CXCL12 + + ND +
CXCL13f + + − +
Cytokeratin − − ND ND
HLA-DRc − − − −
HLA-G −/+d −/+d − ND
MFGE8f ND + ND +
Nestinb + + + +
OCT3/4 + ND + ND
Podoplaninb + + + +
Prolacting + + − +
STRO-1 −/+d + + +
SUSD2e + + + ND

preEnSC: data from cell lines obtained from menstrual blood and endome-
trial biopsies; preDSC: from first trimester pregnancy; BM-MSC: from
bone marrow aspirates; preFDC, from tonsillectomies. ND, not determined.
aEndometrial stomal cell marker. bAntigens expressed by more than 95%
of cells. cAntigens meeting the minimal criteria for identification as mes-
enchymal stem cells [58]. dSome lines expressed the antigen and some did
not. eEndometrial mesenchymal stem cell marker. fFollicular dendritic cell
marker. gUnder decidualization conditions.

development of immune activities led some earlier authors to
suggest that DSCs were potential hematopoietic cells [34, 40,
41]. However, the finding that MSCs also originated from
bone marrow [42], together with the absence of CD45 expres-
sion (leucocyte common antigen) and the expression of mes-
enchymal markers by DSCs, supported their mesenchymal lin-
eage albeit without contradicting the possible origin of DSCs
in bone marrow [43]. In addition, early histological studies
based on morphological features indicated that undifferenti-
ated uSCs were fibroblasts (Table 1). Furthermore, the expres-
sion of α-smooth muscle actin (ACTA2), vimentin (VIM),
and desmin—cell filaments detected in DSCs—along with
the contractile activity of these cells, linked DSCs to other
contractile mesenchymal cell types such as myofibroblasts,
vascular smooth muscle cells (vSMCs), and pericytes [43, 44].
Recently, some authors reported the in vitro differentiation of
human pluripotent stem cells to endometrial stromal fibrob-
lasts (eSFs), which confirmed the inclusion of uSCs in the
mesenchymal lineage [45, 46]. This differentiation involved
sequential steps through a series of intermediate progenitor
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cells that, according to the authors, mimic the in vivo stages of
uterine development during embryogenesis: pluripotent stem
cells, intermediate mesenchymal progenitors, Müllerian duct
progenitors, and endometrial stromal progenitors. Expression
of the mesenchymal lineage markers platelet-derived growth
factor beta (CD140b), and VIM by these latter cells supported
their identity as a type of mesenchymal cell. Endometrial stro-
mal progenitors were then further differentiated to eSFs. These
eSFs were finally decidualized, as confirmed by the expres-
sion of decidualization markers FOXO1, PRL, HAND2, and
IGFBP1 [45, 46]. The expression of CD140b and VIM by
preEnSC and preDSC lines, and the ability of these lines
to decidualize, confirm the relationship of these cells with
endometrial stromal progenitors (Table 2) [24, 43, 45, 47].

Perivascular cells

First-trimester preDSC and preEnSC lines were reported to
have the following antigenic phenotype: CD45− CD34−
ACTA2+ CD140b+ CD146+ SUSD2+ PRL− [47, 48].
Clones obtained from these cell lines showed the same
antigenic phenotype and functional properties as the original
lines, indicating that these lines comprised a uniform cell
population. Confocal microscopic examination of first-
trimester decidua sections showed that cells with this antigenic
phenotype were located in the intima and media of decidual
vessels [47, 48] (Figure 2). The fact that perivascular cells
present in the intima (pericytes) and in the media (vSMCs) of
the vessels expressed the same antigens as those detected in
preDSCs [49] confirms a close relationship between these
latter cells and the former two types of perivascular cell
[47]. Interestingly, all these cell types additionally show
contractile capacity as indicated by ACTA2 expression, which
further supports their relatedness [47, 49, 50]. Studies of
first-trimester human decidua with SC-RNA seq supported
this conclusion, as two perivascular stromal cell populations
(PV1 and PV2) expressed the same CD45− CD34− ACTA2+
CD140b+ CD146+ SUSD2+ PRL− antigen profile as
preDSCs [18, 47]. Darzi and colleagues also associated
CD140b, CD146, and SUSD2 expression with perivascular
cells in the endometrium [51]. Wang and colleagues, in their
SC-RNA seq study of cells in the human endometrium,
detected different ACTA2+ vSMC populations that expressed
CD140b, CD146, and SUSD2 [19]. Likewise, SC-RNA seq
studies in the mouse endometrium identified two populations
of perivascular cells: CD45− ACTA2+ CD140b+ CD146+
vSMCs, and CD45− ACTA2− CD140b+ CD146+ pericytes
[52]. The perivascular localization places these cells in a
privileged position in the processes of leucocyte chemotaxis
from the peripheral blood to the endometrium and decidua.
Indeed, preDSCs have been found to exert a chemotactic effect
on peripheral blood natural killer cells and monocytes [47, 48,
53]. Moreover, the contractile activity of uSCs may have an
effect on blood flow in the vessel they surround [44, 47].

Decidualization induces changes in the morphology, local-
ization, antigenic phenotype, and functions of uSCs (Figure 1).
Upon decidualization by progesterone and cAMP of preDSC
lines, a significant decrease in the expression of ACTA2,
CD140b, CD146, and SUSD2 was observed, along with the
expression of decidualization markers (PRL, FOXO1) in dif-
ferentiated cells (dDSCs) (Figure 3) [24, 48]. These in vitro
data are consistent with results obtained in vivo. In decidua
sections analyzed by confocal microscopy, a decrease in the
expression of ACTA2, CD140b, CD146, and SUSD2 was

also detected in dDSCs located away from the vessels [48]
(Figure 2). Equivalent results were observed in three subpop-
ulations of dDSCs from first-trimester human decidua identi-
fied by SC-RNA seq (designated dS1, dS2, and dS3): decreased
expression of ACTA2, CD140b, CD146, and SUSD2, along
with increased expression of PRL, IGFBP1, and FOXO-1 [18]
(Figure 3). Garcia-Alonso and colleagues also used SC-RNA
seq to study the human endometrium, and found a stromal-
nondecidualized endometrial (eS) population and a decidu-
alized endometrial (dS) population, the latter also showing
decreased ACTA2 expression and increased decidualization
markers IGFBP1, FOXO1, and IL15 [15]. In other work done
in vitro, human pluripotent stem cells were differentiated to
eSFs, and after decidualization, these latter cells also showed
a decrease in CD140b and SUSD2 expression [45, 46]. Anti-
gens such as CD140b, CD146, and SUSD2 participate in the
interaction of stromal cells with endothelial cells, in vascular
homeostasis, and in angiogenesis [54], so that the distance
between dEnSC or dDSCs and the vessels probably determines
the degree to which their expression is inhibited. The same
phenomenon occurs with CD140b expression by perivascular
precursors of follicular dendritic cells (FDC), which inhibited
the expression of this antigen upon differentiation in the
extravascular space [55]. (A more detailed comparison of
FDC and uSCs is provided later in the section headed Lymph
node stromal cells.) The expression of ACTA2 by preEnSCs
and preDSCs shapes the fibroblastic appearance of these cells
in vitro and in vivo. Upon decidualization and decreased
expression of this protein, contractility decreases and the cells
adopt a rounded appearance [47]. Attenuation of this activity
is probably involved in successful blastocyst implantation
[56].

Bone marrow MSCs and endometrial MSCs

It was recently shown that human preDSC lines exhibit an
antigenic phenotype compatible with that of bone marrow
mesenchymal stem cells (BM-MSCs) (Tables 2 and 3). Pre-
decidual stromal cells express stem cell markers, have clono-
genic activity, differentiate to the mesenchymal lineage, and
show immunoregulatory activity in vivo and in vitro [57]
(Table 3). Furthermore, preDSCs meet the minimal criteria
proposed by the International Society for Cellular Therapy
to define human MSCs [58], so preDSCs may be considered
authentic MSCs in the decidua. Studies with preDSC clones
demonstrated that cells with the capacity to decidualize also
presented the characteristics of MSCs [57]. Equivalent results
were reported by other authors in research with preEnSCs [22,
24, 59]. The fact that preEnSCs and preDSCs, as discussed
earlier, are related to perivascular cells, which in turn have
properties of MSCs [60, 61], supports the association of
uSCs with MSCs. Nevertheless, when BM-MSC lines were
decidualized in vitro under conditions equivalent to preDSCs
and preEnSCs, it was observed that like decidualized uSCs,
BM-MSCs changed their morphology to a round shape and
expressed PRL mRNA, but unlike decidualized uSCs, BM-
MSCs were unable to secrete PRL. This indicates that despite
the possible origin of uSCs from BM-MSCs [62–65], the
latter must colonize the endometrium and decidua so that
the molecular microenvironment allows them to acquire the
characteristics of uSCs [24, 66]. Research in mice and humans
has shown that cells from the bone marrow colonize the
uterus in adulthood, primarily in response to endometrial
inflammation and pregnancy [62–65]. Several authors have
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Figure 2. Decidual stromal cells in first-trimester human decidua. (A) Semithin cryostatic section of early human decidua stained with toluidine blue,
showing preDSCs (black arrows) and dDSCs (red arrowheads). Scale bar: 25 μm. (B) Perivascular α-SM actin-positive cells coexpressed CD10, nestin,
CD140b, CD146, and SUSD2. Anti-CD34-stained endothelial cells. Scale bars: 100 μm. These experiments were done in four independent samples.
From [48], with permission.

Figure 3. Evolution of the expression of different markers by uSCs during the decidualization process. Figure created in BioRender.com.

also identified cells with the characteristics of MSCs in the
human endometrium, for example, endometrial MSCs or
eMSCs. These multipotent, clonogenic, self-renewing cells

have the capacity to differentiate in vitro into mesenchymal
lineages. Like preEnSCs and preDSCs, eMSCs express MSC
markers (together with CD140b, CD146, and SUSD2), exert
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Table 3. Comparison of the phenotypic and functional characteristics of bone marrow mesenchymal stem cells (BM-MSCs), endometrial mesenchymal
stem cells (eMSCs), precursors of endometrial and decidual stromal cells (preEnSCs/preDSCs), and precursors of follicular dendritic cells (preFDCs)

Criteria considered BM-MSCs eMSCs preEnSCs/preDSCs preFDCs References

Antigen phenotype (see
Table 2)

[24, 47, 48, 51, 57, 66,
71, 80, 85, 89, 90]

-Endometrial stomal cell
marker CD10

+ + + +

-MSC/pericyte markers + + + +
-eMSC markers (CD140b,

CD146, SUSD2)
+ + + +

-FDC markers − NDa + +
International Society for

Cellular Therapy minimal
criteria

+ + + + [24, 57, 58, 89, 91, 92]

Perivascular location +(Bone marrow) + (Endo-metrium) +(Endo-metrium,
decidua)

+ (Secon-dary
lymphoid organs)

[11, 47, 55, 60, 70, 71,
89]

Pluripotency stem cell factors +(OCT-4,
NANOGa

−(OCT-4, NANOG) + (OCT-4, NANOG,
ABCG)

+ (OCT-4) [57, 89, 93–96]

Clonogenicity + + + + [57, 69, 89, 92, 97]

Mesenchymal differentiation + + + + [57, 58, 89, 91, 92]

Decidual differentiation − + + + [24, 66, 73]

Apoptosis resistance + ND + + [89, 98, 99]

Cell contractility + ND + + [44, 47, 80, 100–102]

Chemotactic activity + ND + + [47, 48, 89, 103]

In vitro immunoregulatory
activity

+ + + + [66, 80, 89, 104–108]

In vivo immunoregulatory
activity

+ + + ND [57, 106, 109–113]

Haematopoietic cell
supportive activity

+ ND + + [66, 80, 89, 104, 114,
115]

Presence in ectopic sites ND + + + [73, 82, 83, 116]

ND: Not determined.aPositive in fetal BM-MSCs, negative in adults.

immunoregulatory activity in vivo and in vitro, decidualize,
are located in perivascular areas, and are related to pericytes
and vSMCs (Table 3) [51, 67–71]. Furthermore, MSCs with
properties similar to eMSC were also detected in the human
term decidua basalis [72]. It was shown that eMSCs are
precursors of eSFs, and upon decidualization these cells down-
modulate the expression of CD146 and SUSD2 while up-
modulating the expression of decidualizing markers such as
PRL [39, 71, 73], as was also found in dDSCs [18, 48].
Although preEnSCs and preDSCs were obtained by selection
in cultures of endometrial and decidual samples, respectively
[24], whereas eMSCs were obtained from the endometrium
with monoclonal antibodies and cell sorting [51], their pheno-
typic and functional characteristics, perivascular localization,
and capacity for decidual and mesenchymal differentiation
suggest a close relationship among these three cell types
(Table 3). Therefore, preEnSC, preDSC, and eMSC (from the
endometrium or decidua) are probably the same cell type
located in perivascular areas (intima and media), that differ-
entiate into fibroblasts surrounding the vessels. These fibrob-
lasts continue to differentiate, moving away from the vessels
and developing into decidualized round cells that inhibit the
expression of CD140b, CD146, SUSD2, and ACTA2, and
express PRL along with other markers of decidualization.

Lymph node stromal cells

In mouse and human tissues, different populations of lymph
node stromal cells (LNSCs) have been identified on the
basis of their location and chemokine expression profiles
[74, 75]. These stromal cells display chemotaxis, lymphocyte
antiapoptotic activity, and differentiation, thus contributing
to the organization of secondary lymphoid organs (SLOs), and
helping to regulate immune responses and mediate immune
tolerance [74, 76, 77]. Moreover, LNSCs are crucial in the
formation of tertiary lymphoid structures (TLSs)—ectopic
foci that develop at sites of chronic inflammation [78]. One
type of LNSCs is FDCs, that is, cells located in the follicles of
SLOs [79]. There is evidence of a relationship between DSCs
and FDCs based on similarities in their antigen phenotype
(CD45− CD31− CD21+ CD35+ BAFF+ CXCL13+
podoplanin+), as well as their lymphocyte antiapoptotic
activity, cell contractility, and the perivascular location of
their precursors. Furthermore, FDC precursors (preFDCs),
like preDSCs, can be decidualized in vitro, as evidenced by
the change of decidualized FDC to a rounder cell morphology
and their secretion of PRL [47, 66, 80]. In addition, like DSCs,
FDCs are also related to MSCs [66, 81] (Tables 2 and 3). In
this connection, a transcriptomic analysis of human FDCs,
EnSCs, and mesenchymal cell types demonstrated that FDCs
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and EnSCs are closely related, and that both types of cells
are also related to MSCs [20]. Furthermore, Krautler and
colleagues demonstrated that mouse preFDCs derived from
perivascular cells expressed CD140b and MFGE8 [55], two
antigens also expressed by human preDSCs [47] (Table 2).
Like FDCs in TLSs, DSCs and EnSCs have been detected in
ectopic foci: DSCs were found in deciduosis, and EnSCs were
observed in endometriosis [82, 83].

Endometrial stromal cells in ectopic sites:
endometriosis

Endometriosis is defined as the presence of endometrial tissue
(glands and stroma) outside the uterus, most frequently in
the peritoneum and on the ovaries, although endometriosis
foci may occur in distant locations such as the skin, nasal
mucosa, brain, and lung. The relationship between EnSCs
and MSCs may explain the presence of endometriosis foci in
distant extraperitoneal locations. In these cases, MSC-related
precursors transported by the blood from the bone marrow
may home to these tissues erroneously [84]. In addition, MSC-
related preEnSCs present in menstrual blood may induce peri-
toneal foci by retrograde menstruation [24, 84, 85]. As noted
in the previous section, EnSCs and DSCs share phenotypic
and functional properties with FDCs [20, 47, 55, 66, 80],
and one of their common characteristics is the presence of
stromal cells in ectopic foci associated with inflammatory
tissues [78] (Tables 2 and 3). Endometriosis may represent
a situation equivalent to TLSs. Although the decidua and
the endometrium cannot be considered SLOs (because they
both lack the characteristic compartmentalization in T and
B zones), uSCs share many characteristics with LNSCs, one
of them being their presence in ectopic sites [33]. Like FDCs,
EnSCs may attract leucocytes to ectopic sites. Interactions
between EnSCs and macrophages appear to be essential in
the maintenance of these foci [86]. In a murine cell model
of endometriosis, Martinez-Aguilar and colleagues demon-
strated that the intraperitoneal injection of human preEn-
SCs in mice generated endometriotic-like nodules. The pres-
ence in these nodules of human preEnSCs together with
murine macrophages demonstrated the chemotactic activity
of preEnSCs on macrophages in nodule formation [85]. In
the search for new approaches to treatment, potentially infor-
mative avenues of study are to elucidate the molecular dialog
between EnSCs and macrophages during the development of
endometriosis, to identify the molecules that participate in this
dialog, and to determine whether they could be blocked with
chemokine receptor antagonists.

Conclusions

The process of decidualization from uSC precursors (preEn-
SCs and preDSCs) occurs in both the endometrium and the
decidua, and is an active process throughout pregnancy.
Although preEnSCs and preDSCs correspond to the same
cell type, the latter display a greater decidualization capacity,
probably determined by the gestational environment. Because
of these differences, studies of uSCs should take into
account and identify not only their differentiation stage,
but also their location in the endometrium or decidua.
Studies of the antigenic phenotype, localization, functions,
and transcriptome demonstrate that preEnSCs and preDSCs
are perivascular cells closely related to MSCs. These uSCs

also show close relationships with FDCs, and like these
latter cells, uSCs can be detected in ectopic locations as in
endometriosis.
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