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ABSTRACT

BACKGROUND: Decidual stromal cells (DSCs) have classically been considered
fibroblastic cells, although their function, cell lineage and origin are not fully understood. We
previously demonstrated that human DSCs showed similarities with follicular dendritic cells
(FDCs): DSCs expressed FDC-associated antigens, both types of cells are contractile and
both are related to mesenchymal stem cells (MSCs). To further characterize DSCs, we
investigated whether DSCs and FDCs share any distinctive phenotypical and functional
characteristics.

METHODS: Human FDC lines were obtained from tonsillectomy samples, human DSC lines
from elective termination of pregnancy samples and human MSC lines from bone marrow
aspirates. We isolated DSC, FDC and MSC lines and compared their characteristics with
flow cytometry and enzyme-linked immunosorbent assay. Cell lines were cultured with
tumour necrosis factor (TNF) and lymphotoxin LT alpha1\beta2, cytokines involved in FDC
differentiation. Cell lines were also differentiated in culture after exposure to progesterone
and cAMP.



RESULTS: Like MSCs, DSCs and FDCs expressed MSC-associated antigens (CD10, CD29,
CD54,CD73, CD106, a-smooth muscle actin and STRO-1) and lacked CD45 expression, and
allthree types of cell line showed increased expression of CD54 (ICAM-1) and CD106 (VCAM-
1) when cultured TNF and LT alpha 1 \ beta 2. DSCs and FDCs, however, exhibited
characteristics not observed in MSCs: DSCs expressed FDC-associated antigens CD14,
CD21 and CD23, B cell-activating factor and secreted C-X-C motif chemokine 13. Moreover,
DSC lines but not MSC lines inhibited the spontaneous apoptosis of B lymphocytes, a typical
functional attribute of FDC. During culture with progesterone and CAMP, FDCs, like DSCs
but in contrast to MSCs, changed their morphology from a fibroblastic to a rounder shape,
and cells secreted prolactin.

CONCLUSIONS: Our results suggest that DSCs and FDCs share a common precursor in
MSCs but this precursor acquires new capacities when it homes to peripheral tissues. We
discuss these shared properties in the context of immune-endocrine regulation during
pregnancy.

1. Introduction

Decidual tissue, the maternal component of the maternal- fetal inter- face, is composed
predominantly of typical stromal-type cells as well as glandular cells and leucocytes
(Bulmer, 1995). Decidual stromal cells (DSCs) constitute a distinctive stromal cell class that
is thought to exert nutritive, endocrine and immune functions that play a key role in embryo
implantation and trophoblast development (Zhu et al., 2009). The origin and cell lineage of
DSCs are, however, not fully defined. DSCs originate from the proliferation and
differentiation (decidualization) of fibroblast-like stromal cell precursors that are detectable
in the endometrium (Richards et al., 1995). During the luteal phase of the menstrual cycle,
or if pregnancy occurs, DSCs are induced to decidualize by progesterone and other
hormones. Decidualized cells become rounder, express desmin in their cytoplasm and
secrete prolactin (PRL; Tabanelli et al., 1992). Inflammatory and Th1 cytokines, however,
inhibit decidualization (Kanda et al., 1999), which is evidence that this process is regulated
by immune and endocrine factors. Furthermore, DSCs support the survival of natural killer
cells (NKs) and T lymphocytes (Blanco et al., 2009) and are able to regulate the decidual
immune responses that may lead to either a successful pregnancy or abortion (Olivares et
al., 1997; Kimatrai et al., 2003, 2005; Blanco et al., 2008).

We have been able to isolate and maintain highly purified cultures of DSCs, which has
allowed us to demonstrate that human DSCs share some characteristics with follicular
dendritic cells (FDCs; Montes et al., 1996; Munfoz-Fernandez et al., 2006). FDCs are also



stromal cells that exert a supportive activity for B lymphocytes. FDCs are located in the
secondary lymphoid organ B-zone, where they capture and retain native antigens on their
cell membrane for prolonged periods to present them to B lymphocytes during the
secondary response (EL Shikh et al., 2010). Although apparently distinct, DSCs and FDCs are
both stromal cells with haematopoietic cell supportive activity, express a-smooth muscle
actin (a-SM actin) and exhibit contractile activity (Oliver et al., 1999; Kimatrai et al., 2003,
2005; Munoz-Fernandez et al., 2006). Both types of cell are closely related to mesenchymal
stem cells (MSCs; Garcia-Pacheco et al., 2001; Mufoz-Fernandez et al., 2006), which
suggests that DSCs and FDCs both derive from bone marrow MSCs. Furthermore, DSCs and
FDCs are detected in ectopic locations in immune- mediated diseases. Ectopic FDC
formation occurs in a number of autoimmune diseases and chronic inflammatory situations
(Lindhout et al., 1999), and endometrial stromal cells (the endometrial equivalent of DSCs)
are detected in ectopic locations in endometriosis, a gynaecological disease with a
significantimmune component (Hever et al., 2007).

Pregnancy modulates the immune system of the mother in order to avoid fetal rejection. This
implies changes in decidual immune responses, in which DSCs appear to be involved
(Olivares et al., 1997; Kimatrai et al., 2003, 2005; Blanco et al., 2008). In this connection, a
recent report showed that FDCs are also involved in the induction of maternal- fetal
tolerance in mice (McCloskey et al., 2011). In the present study we show that although DSCs
and FDCs expressed MSC-associated antigens, DSCs and FDCs shared some of each
other’s distinctive features such as (i) the expression of B cell-activating factor (BAFF)
belonging to the tumour necrosis factor (TNF) family, (ii) C-X-C motif chemokine 13 (CXCL13)
secretion and the capacity to rescue B cells from apoptosis (properties typical of FDCs;
Buettner et al., 2010) and (iii) prolactin (PRL) secretion (a property typical of DSCs). None of
these characteristics were found in MSCs. We discuss the implications of these shared
properties in the context of immune-endocrine regulation during pregnancy.

2. Materials and Methods

Samples. For the FDC lines, tonsil samples were obtained from patients who under- went
tonsillectomy for recurrent tonsillitis at the Hospital Universitario Virgen de las Nieves
(Granada, Spain). Patients (3 — 10 years old) were in complete remission before surgery.
Informed consent was obtained from the parents or guardians of each patient. For the DSC
lines, samples from elective vaginal terminations of first-trimester pregnancies (6 — 11
weeks) were obtained from healthy women aged 20 — 30 years. We excluded women who
were using any medication or with infectious, autoimmune or other systemic or local
disease. None of the abortions were pharmacologically induced. The specimens were
obtained by suction curettage at the Clinica El Sur in Malaga or the Clinica Ginegranada in



Granada. Informed consent was obtained from each woman. For the MSC lines, leftover
samples of bone marrow aspirates from haematologically normal donors at the Hospital de
Baza, in Baza, Granada, were obtained after donors had provided informed consent. This
study was approved by the Research and Ethics Committee of the Hospital Universitario
Virgen de las Nieves and by the Ethics Committee of the University of Granada.

Monoclonal antibodies. The monoclonal antibodies (mAbs) used in this study were CD10-
phycoerythrin conjugated (PE), CD14-fluorescein isothiocyanate (FITC), CD21-PE, CD23-
FITC, CD29-FITC, CD45-FITC, CD73-PE, ICAM-1-FITC (Caltag Laboratories, Burlingame, CA,
USA), VCAM-1- FITC, BAFF-FITC, CXCL13-Alexa Fluorow 750, STRO-1 (R&D Systems,
Minneapolis, MN, USA) and anti-a-SM actin FITC (Sigma-Aldrich, St. Louis, MO, USA). The
isotype controls used were immunoglobulin (Ig)M, 1gG1-FITC, IgG1-PE or IgG1-APC (Sigma-
Aldrich) and IgG2-FITC or IgG2-PE (Caltag Laboratories).

Isolation and culture of DSC, FDC and MSC lines. To establish DSC and FDC lines, we
used the method described by Montes et al. (1995) and Mufoz-Fernandez et al. (2006).
Briefly, tissues were thoroughly washed in phosphate-buffered saline (PBS) and finely
minced between two scalpelsin a small volume of PBS. The suspension was putin a solution
of 5 mg/ml Collagenase V (Sigma-Aldrich) for 30 min for DSCs and 2 h for FDCs at 378C. The
suspension was diluted in PBS, filtered through gauze and centrifuged at 425g for 10 min.
The supernatant was dis- carded and the cell pellet was suspended in PBS and centrifuged
on Ficoll-Paque (Sigma-Aldrich) for 20 min at 600g. To establish MSC lines, bone marrow
aspirates were directly diluted in PBS and centrifuged on Ficoll-Paque. Tonsil, decidual or
bone marrow cells were collected from the inter- face, suspended in PBS and washed. The
resulting suspension was incubated in culture flasks for 24 h at 378C in Opti-MEM (minimum
essential medium; Invitrogen, Grand Island, NY) supplemented with 3% fetal calf serum
(FCS), 100 Ul/ml penicillin, 100 1U/ml streptomicin and 0.25 mg/ml amphotericin (Sigma-
Aldrich). After overnight incubation to allow adherent cells to attach to the flask, non-
adherent cells in the supernatant were discarded. The medium was then replaced and
changed twice a week. After 1 — 3 weeks, adherent cells were morphologically uniform and
covered the whole surface of the 25 cm2 culture flask. Although the different cell lines are
referred to generically as DSCs, FDCs or MSCs, in those experiments in which several lines
of the same type of cells were included, we used a specific name for each line (DSC MOR,
DSC VI, DSC IX, DSC XVI, DSC 1, FDC46, FDC13H, FDC12V, FDC1S, MSC1 and MSC2).

Isolation of fresh DSCs. To obtain a fresh cell suspension containing DSCs, we used a
protocol similarto thatreported by Montes et al. (1996). The decidua was washed in PBS and
minced between two scalpelsin a small volume of RPMI 1640 with 10% FCS. The suspension
was put in a solution of 5 mg/ml Collagenase V (Sigma-Aldrich) for 30 min at 378C. This



preparation was filtered through sterile gauze, washed by centrifugation and suspended in
the culture medium. The cell suspension was centrifuged at 650g for 30 min over a
discontinuous gradient of 20 and 30% Percoll (Sigma-Aldrich). Cells were collected from the
20/30% interphase and washed in PBS. Cell viability was determined by trypan blue
exclusion. Only preparations with .95% viable cells were used.

Preparation of purified B cells. Tonsil B lymphocytes were purified from the supernatant
obtained in the preparation of FDCs using the Human B Cell Isolation kit (R&D Systems). The
purity of the B lymphocyte preparations was higher than 95%.

Flow cytometric analysis. Cells were detached from the culture flask by treatment with
0.04% EDTA at 378C. The cells were centrifuged, the supernatant was discarded and the
pellet was suspended in PBS at 106cells/ml. Cell suspension of 100 ml was incubated with
5 ml of the appropriate mAbs for 30 min at 48C in the dark. Cells were washed, suspended
in 0.5 ml of PBS and im- mediately analysed in an FACScan cytometer (BD Biosciences, San
Diego, CA, USA). The percentage of Ab-positive cells was calculated by comparison with the
appropriate isotype control. For double labelling, we followed the same procedure as for
single labelling but a second mAb with a differ- ent fluorescent marker was also added. For
intracytoplasmic labelling, cells were fixed with 4% paraformaldehyde for 20 min at 48C and
permeabilized with cold 0.05% PBS saponine (Merck, Darmstadt, Germany) before the
mAbs was added. For indirect labelling, FITC-labelled goat anti-mouse Ig was added after
the first mAbs.

Detection of apoptotic tonsil B lymphocytes co-cultured with DSCs, FDCs or MSCs.
DSC, FDC or MSC lines in the exponential growth phase were plated on 6-well plates on the
bottom surface of Transwell plates (Corning Incorporated, New York, NY, USA) at 5 x
104cells/well. The culture medium was removed and 2 ml of a suspension of 5 x 104 B
lymphocytesinacomplete Opti-MEM culture medium was added directly to the FDCs, DSCs
or MSCs, or to the upper compartment of Transwell plates, and incubated at 378C for 72 h.
All B lymphocytes were collected from the supernatant, and to identify apoptotic cells we
used the method described by Gong et al. (1994). Briefly, cells were washed with PBS, fixed
in cold 70% ethanol and then stained with propidium iodide during treatment with RNase
(Sigma-Aldrich). Quantitative analysis of sub-G1 cells was carried out in an FACScan
cytometer.

Treatment of DSC, FDC and MSC lines. DSC, FDC or MSC lines were cultured for 72 h with
10 ng/ml TNF (Sigma-Aldrich) and 10 ng/ml lymphotoxin (LT)a1b2 (Sigma-Aldrich), two
cytokines involved in the differentiation of FDCs. To induce decidualization, DSC, FDC or
MSC lines were treated with 300 nm progesterone and 500 mm cAMP (Sigma-Aldrich) for 15
days.



Analysis of culture supernatants. The concentration of CXCL13 in supernatants from DSC,
FDC or MSC cultures was established by enzyme-linked immunosorbent assay (ELISA; R&D
Systems). To determine the concentration of PRL, supernatants from cultures of DSCs, FDCs
or MSCs treated with progesterone and 8-bromo-cAMP were collected. The presence of PRL
was determined with an ELISA (Roche, Basel, Switzerland).

Statistical analysis. Quantitative experiments were performed in triplicate or
quadruplicate. The data were analysed with Microsoft Excel 2003 (Microsoft Ibe ‘rica,
Seville, Spain). Student’s t-test was used to compare the results. Values of P, 0.05 were
considered significant. The figures show results for a single experiment, which is
representative of three or more separate assays.

3. Results

DSCs exhibit distinctive characteristics of FDCs. After 24 h of culture, polygonal and
rounded adherent cells appeared in decidua preparations, whereas in tonsil preparations,
adherent cells showed a dendritic morphology and were associated with attached lymphoid
cells. After 1 week of culture, lymphoid cells bound to FDC detached or died and cultures of
DSCs and FDCs formed uniform populations of adherent cells with a fibroblastic
morphology (Fig. 1). In both types of cell lines, almost all cells were positive for CD10, CD29,
CD73 and a-SM actin, and lacked CD45; a proportion of them also expressed CD14, CD21,
CD23, CD54 (ICAM-1), CD106, BAFF, CXCL13 and STRO-1, and secreted CXCL-13 (Fig. 2,
Table I). Flow cytometric analysis of Percoll-isolated low- density decidual cells gated by
CD10 expression revealed the presence of cells that, like cultured DSCs and FDCs,
expressed BAFF and CXCL13 (Fig. 3).

Table | shows that DSCs, FDCs and MSCs expressed the MSC-associated antigens CD10,
CD29, CD54, CD73, CD106, a-SM actin and STRO-1, and lacked CD45. However, unlike
DSCs and FDCs, MSCs did not express BAFF or CXCL13, and did not secrete CXCL13. We
also found that the FDC-associated antigens CD14, CD21 and CD23 were absent from MSC
lines (Fig. 2, Table I).
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Figure 1. Fresh and cultured human DSCs and FDCs. Fresh DSCs and FDCs (left) were
observed 24 h after isolation (bar: 50 mm). FDC exhibited a dendritic morphology with
clustered lymphoid cells. After 1 week of culture (right), non-adherent cells died in both
preparations, and DSCs and FDCs showed a more polygonal/fibroblastic morphology (bar:
100 mm). After 2 weeks of culture, both types of cell lines exhibited a uniformly fibroblastic
morphology (see Fig. 6). This experiment was performed independently four times.

Antigens DSC (n=10) FDC (n =10) MSC (n =5)

CD10 +++2 +++ +++
CD14 +/2 + 2
CD21 ++ +++ 2
CD23 ++ ++ 2
CD29 +++ +++ +++
CD45 2 2 2
CD54 +++ +++ +
CD73 +++ +++ +++
CD106 +/2 +/2 +/2
a-SM actin +++ +++ +++
BAFF +4++ +++ 2
CXCL13 +++ +++ 2
STRO-1 ++ ++ ++

Table I. Antigen expression by DSC, FDC and MSC lines. n, number of cell lines analysed.
aFlow cytometry reactions: +++, 67 — 100% positive cells; ++, 34 - 66%; +, 5—33%; +/2, some
lines positive and some negative.
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Figure 2. Antigen expression and C-X-C motif chemokine 13 (CXCL13) secretion by human
DSCs and FDCs. (A) Flow cytometry analysis of antigen expression. Almost all DSCs and
FDCs were positive for CD10, CD29 and CD73. Both types of cell expressed FDC markers
CD14, CD21, CD23, CD54 and BAFF (intracellular). Isotype control (- - -); mAb (—).
Percentages show the proportion of cells expressing the antigen. This experiment was

performed independently three times. (B) Secretion of CXCL13 by different DSC, FDC and
MSC lines.
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Figure 3. BAFF and CXCL13 expression by fresh human DSCs. Fresh DSCs were isolated by
Percoll gradients and electronically selected by the expression of CD10. Most fresh CD10+
DSCs were positive for BAFF, and a proportion of them also expressed CXCL13. This
experiment was performed independently three times.

Treatment of DSCs, FDCs and MSCs with TNF and LTa1b2. Like FDC, DSC and MSC lines
treated with TNF and LTa1b2 also increased their expression of CD54 and CD106 (Fig. 4).
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Figure 4. Treatment of human DSCs, FDCs and MSCs with TNF and lymphotoxin (LT)a1b2.
TNF and LTa1b2 increased the expression of CD54 and CD106 by DSC, FDC and MSC lines.
(A) Without cytokines (- - -); with cytokines (—). Percentages show the proportion of cells
expressing the antigen. (B) Bars show the percentage of cells expressing the antigen. White
bars: untreated cells; black bars: cells treated with cytokines (mean + SD). This experiment
was performed independently three times. *P, 0.05; **P, 0.005; ***P, 0.0001.

Effect of DSCs, FDCs and MSCs on B lymphocyte apoptosis. Like FDCs, DSCs (but not
MSCs) inhibited the spontaneous apoptosis of tonsil B lymphocytes (Fig. 5A and B). When
FDCs were co-cultured with B lymphocytes in Transwell plates, the protective effect of FDCs
on B cells disappeared (Fig. 5C). Likewise, the protective activity of DSCs on B cells was also
abrogated in Transwell plate cultures, which demonstrates that this effect also requires
DSC-B cell contact (Fig. 5C).
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Figure 5. Human DSCs and FDCs, but not MSCs, rescue B cells from spontaneous
apoptosis. (A) Apoptosis of tonsil B cells cultured without or with DSCs, FDCs or MSCs was
studied by quantitative flow cytometry analysis of sub-G1 cells. This experiment was
performed independently three times. (B) DSCs and FDCs significantly decreased the
spontaneous apoptosis of B cells (mean + SD of three independent experiments). **P ,
0.005. (C) Culture in Transwell plates abrogated the protective effect of DSCs or FDCs
against B cell apoptosis (mean + SD of three independent experiments).

Decidualization of DSCs and FDCs with progesterone and cAMP. Like DSCs,
progesterone and cAMP changed the morphology of FDCs and induced PRL secretion (Fig.
6). However, the amount of PRL secreted by FDCs was much lower than that secreted by

DSCs (P, 0.0001; Fig. 6B). MSC lines cultured with progesterone and cAMP did not secrete
PRL (Fig. 6).
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Figure 6. Secretion of prolactin (PRL) by human DSC and FDC lines. (A) DSCs and FDCs were
cultured without (left) and with progesterone and cAMP (right) for 2 weeks (Bar: 100 mm).
DSCs and FDCs changed from a fibroblastic to a round/dendritic morphology in the
presence of proges- terone and cAMP. This experiment was performed independently three
times. (B) Secretion of PRL by different FDC, DSC and MSC lines (white bars, without
progesterone and cAMP; black bars, with progesterone and cAMP). The supernatants of lines
MSC 1 and MSC 2 were analysed together with the supernatants of DSC 1, which was studied
in the same experiment as a positive control for decidualization. PRL secretion in cultures
with pro- gesterone and cAMP was significantly higher in DSCs than in FDCs (the data of the
two DSC lines were compared with data of the three FDC lines of the figure, P, 0.0001). MSCs
did not secrete PRL.
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3. Discussion

In an earlier characterization of DSCs, we reported that these cells expressed FDC antigens
(Montes et al., 1996). We demonstrated that DSC and FDC lines exhibited an antigen
phenotype and functional properties equivalent to those of their corresponding fresh cells
(Montes et al.,, 1996, Garcia-Pacheco et al., 2001, Muhoz-Fernandez et al., 2006).
Subsequently, we studied the relationships of both types of cells with myofibroblasts (Oliver



et al., 1999; Kimatrai et al., 2003, 2005). We also found that DSCs and FDCs were closely
related to MSCs, and that this supported the hypothetical origin of the two former types of
cells from MSCs (Garcia-Pacheco et al., 2001, Mufoz-Fernandez et al., 2006). The present
study confirms the close relationships between DSCs, FDCs and MSCs, because all three
celltypes expressed the MSC-associated antigens CD10, CD29, CD54, CD73, CD106, a-SM
actin and STRO-1, and lacked CD45 expression (Table I; Chamberlain et al. 2007). CD10 is
also considered a clinical marker of endometrial stromal cells or DSCs (Sumathi and
McCluggage, 2002). Furthermore, TNF and LTa1b2, increased CD54 and CD106 expression
in all three types of cells (Fig. 4).

DSCs and FDCs, however, shared some distinctive phenotypical and functional features
which were not detected in MSCs. Of these differential properties observed in DSC and FDC
lines, PRL secretion during culture with progesterone and cAMP (Fig. 6) is a typical
characteristic of DSCs (Tabanelli et al., 1992; Montes et al., 1995), whereas CD14, CD21,
CD23, BAFF, CXCL13 expression, the secretion of CXCL13 (Fig. 2, Table |) and the capacity
to rescue tonsil B lymphocytes from apoptosis (Fig. 5) are considered distinctive
characteristics of FDCa (Lindhout et al., 1997; Park and Choi, 2005; Buettner et al., 2010).
Furthermore, we confirmed, as previously reported (Kim et al., 1995), that this latter activity
required FDC-B cell contact; like- wise, DSCs also required DSC-B contact to inhibit B cell
apoptosis (Fig. 5C). We found, however, that the capacity of these DSC lines secrete CXCL13
invitro varied (Fig. 2B). Nevertheless, it should be taken into account that DSC lines, like FDC
and MSC lines, are normal cells that do not exhibit the in vitro uniformity characteristic of
tumour cell lines. The FDC properties detected in the DSC lines are, however, associated
with B cell functions (El Shikh et al., 2010), yet B cells are absent from the human decidua
(Bulmer, 1995). Interactions between B cells and DSCs may play a role in pathological
situations such as the development of uterine B cell lymphomas (Alvarez et al., 1997),
infections during pregnancy and inflammation (Nhan- Chang et al., 2008). Nevertheless, the
in vitro effects of DSCs on B cells may reflect physiological effects of DSC factors on other
types of decidual lymphocytes, as these factors may operate on different types of immune
cells (Blanco et al., 2009).

High levels of CXCL13 were detected in the decidua and plasma of pregnant women (Nhan-
Chang et al., 2008), and according to our results (Fig. 2), DSCs may contribute to the
secretion of CXCL13 during pregnancy. Moreover, CXCL13 is a chemokine for regulatory T
cells (Lee et al., 2006), and these cells have been detected in human decidua and appear to
play a key role in maternal-fetal immune tolerance (Leber et al., 2010). BAFF, a cytokine
expressed by FDCs, participates in the rescue of B lymphocytes from apoptosis in the
lymphoid follicle, and plays an important role in tolerance modulation and B cell
homeostasis (Gorelik et al., 2003). In normal decidua, with no B cells to rescue, the BAFF



secreted by DSCs may be involved in the induction of a Th2 response (Phillips et al., 2003;
Langat et al., 2008), which is the immune response associated with normal pregnancy (Saito
etal.,2010), and inthe inhibition of decidualT celland NK cell apoptosis (Mackay and Leung,
2006; Blanco et al., 2009). Interestingly, mesenchymal cells of the trophoblast are also an
important source of BAFF, although, as in the decidua, there are no B cells in this fetal tissue
(Langat et al., 2008). The BAFF cytokine is also associated with immune-mediated stetric
and gynaecological pathologies such as endometriosis, in which high levels of BAFF have
been detected (Hever et al., 2007), and also with recurrent spontaneous abortions, in which
the expression of BAFF in the decidua and trophoblasts was found to be reduced (Guo et al.,
2008).

FDCs and DSCs also shared properties when they were treated with TNF and LTa1b2. These
cytokines are differentiation factors for FDCs (Fu and Chaplin, 1999), and they increase the
expression of CD54 and CD106, molecules involved in FDC-B cell interactions (Munoz-
Fernandez et al., 2006; Fig. 4). Likewise, TNF- and LTa1b2- treated DSCs also increased their
expression of CD54 and CD106, a property that was also observed in MSCs (Fig. 4; Ren et
al., 2010). These molecules, which are highly inducible by cytokines, may be associated with
relevant functions of these cells in their respective tissues. Interestingly, CD54 plays a role
in DSC physiology, regulating the interaction of DSCs with decidual NK cells (Vigano et al.,
1994). Furthermore, the expression of CD54 and CD106 by DSCs may be related to
immunosuppressive activity and the maintenance of maternal- fetal tolerance (Blanco et
al., 2008) as shown in MSCs (Ren et al., 2010). On the other hand, DSCs differentiate
(decidualize) under the effects of progesterone and other hormones. During the luteal phase
of the menstrual cycle, or if pregnancy occurs, DSCs or their endometrial counterpart,
endometrial stromal cells, are induced to decidualize. The decidualized cells become
rounder, express desmin in their cytoplasm and secrete PRL (Tabanelli et al., 1992; Montes
et al., 1996; Fig. 6). Locally secreted PRL may modulate the mother’s immune responses
(Draca, 1995). Like DSCs, FDCs (but not MSCs) also became rounder and secreted PRL (Fig.
6) under the effects of progesterone and cAMP. Prolactin locally produced by FDCs as a
result of the effects of pregnancy hormones may modulate B cell functions (Peeva et al.,
2003). In this connection, a recent report showed that FDCs are involved in the induction of
tolerance to fetal antigens that occurs during pregnancy (McCloskey et al., 2011). Thus,
pregnancy regulates the mother’s immune response, and DSCs and FDCs may be involved
in these homeostatic endocrine-immune mechanisms.

We cannot assert, however, that FDCs and DSCs are the same type of cells. Although FDCs
and DSCs share many characteristics, they also exhibit differences. For example, the
amount of PRL secreted by FDCs was significantly lower than that secreted by DSCs (Fig.
6B). What our results suggest is the existence of a common precursor related to MSCs. This



hypothesis is supported by the finding of DSCs or FDCs in ectopic locations in immune-
mediated diseases (Lindhout et al.,, 1999; Hever et al., 2007). Under physiological
conditions, the common precursor may home either to the secondary lymphoid organs or to
the endometrium to develop, respectively, into FDCs or DSCs, acquiring new phenotypical
and functional properties such as the expression of BAFF, PRL and CXCL13 secretion, and
the ability to rescue B or other lymphocytes when it emigrates to different peripheral tissues.
This MSC precursor, however, may also home to ectopic tissues in certainimmune diseases.
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