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ABSTRACT

On all terms of pregnancy, insolvency of decidual re-
action of endometrial cells is one of the reasons of mi-
scarriages and fetal growth delay. The insufficient
decidualization of endometrum leads to infertility in
such pathologies, as Asherman’s syndrome and an
endometrium atrophy. However, there are data on
successful application of autologous bone marrow
MSCs for Asherman’s syndrome treatment. The aim
of this work was to assay the effect of endometrial me-
senchymal stem cell (eMSC) transplantation for deci-
dualization process in pseudopregnant rat. Our study
showed that injection of human eMSC suspension
into the uterine lumen of pseudopregnant rats facili-
tated more intensive development of decidua in com-
parison with phosphate buffed saline (PBS) injection
in the control uterine horn. Histological analysis of
decidua sections did not reveal any alterations in cell
differentiation or tissue structure. In conclusion, we
demonstrated for the first time that eMSC transplan-
tation assists the development of all decidual tissue
elements. It opens the possibility that eMSCs may be
applied for cell therapy of infertility associated with
decidualzation insufficiency.
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1. INTRODUCTION

During pregnancy, specific morphological and biochemi-
cal change named decidual reaction occurs in stromal
cells of the uterus. Decidualization of endometrium is an
essential process for embryo implantation, placenta form-
ing and maintenance of pregnancy [1]. Several biological
functions have been attributed to decidual cells: a nutri-
tive role for the embryo, secretion of prolactin [2],

IGFBP-1 [3], and prostaglandins and maintenance of
pregnancy by protecting maternal tissue from destructive
invasion of trophoblast cells of the placenta and alloge-
neic fetoplacental unit from an immunological rejection
by the mother [4]. For decidualization to occur, uterus
should to be prepared by estrogens and progesterone and
then for a stimulus, normally provided by the blastocyst
attached to the endometrium [5-7]. The nature of the sti-
mulus for decidualization is still unknown. On pseudo-
pregnant rodents, it was shown that the uterus could be
stimulated to produce decidual cells in the absence of a
blastocyst by traumatization of endometrium. Data show
that different substances injected directly into the uterine
lumen of pseudopregnant animals can induce deciduali-
zation [8]. Pseudopregnancy is a condition characterized
by many features of early pregnancy: presence of large
functional corpora lutea, development of the mammary
glands, and progestational changes in the uterine mucosa
with susceptibility to decidua formation. Pseudopregnancy
can be induced by electrical stimulation of the cervix ute-
ri during oestrus or using vasectomied males [9]. Artifi-
cial decidua is analogous to the decidual reaction of
normal implantation: it is histologically similar, and the
hormonal requirements for its formation are similar to
those for implantation [10]. Decidual tissue is formed by
large decidual cells (LDC), endometrial granulated cells
(eGC) and small decidual cells. The LDC form the main
type of decidual membranes, which determine the mor-
phological characteristics of the decidua as a tissue. Im-
mediate precursor cells of LDC are located below the
basement membrane of the uterine epithelium before and
during implantation [11]. It is assumed that a partial
source of stromal cells in endometrial tissue is bone mar-
row cells [12,13]. To date, mesenchymal stem cells (MSC)
have been established from endometrium and menstrual
blood [14,15]. The isolated endometrial MSC (eMSC) is
a heterogeneous population composed mainly of stromal
cells. Endometrial MSCs (eMSCs) express the same
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markers as bone marrow MSCs do. The eMSCs from en-
dometrium are able to differentiate into nine cell types
out of the three germ layers: mesoderm (bone, cartilage,
muscle, tendon and ligament cells), ectoderm (neurons,
astrocytes), and endoderm (liver, intestine, ling and pan-
creatic cells) [16-18].

We established cell lines of multipotent human mesen-
chymal stem cell from desquamated (shedding) endome-
trium of menstrual blood (eMSCs). The eMSCs have po-
sitive expression of CD13, CD29, CD44, CD73, CD90,
and CD105 markers and lack hematopoietic cell surface
antigens CD19, CD34, CD45, CD117, CD130, and HLA-
DR (class II). Multipotency of the established eMSCs is
confirmed by their ability to differentiate into other meso-
dermal lineages, such as osteocytes and adipocytes. The
established eMSC cell lines meet the criteria of the In-
ternational Society for Cellular Therapy for defining mul-
tipotent human MSCs of any origin [19].

The aim of this work was to study the effect of the hu-
man eMSCs to decidual differentiation of endometrium.
To this end, a model of pceudopregnancy in rat was us-
ed.

2. MATERIALS AND METHODS
2.1. eMSCs Derivation and Cultivation

eMSCs lines were isolated as has been previously de-
scribed [19]. Briefly, menstrual blood with endometrium
fragments was obtained from women with age varied
from 30 to 40 years. All women gave written informed
consent for the procedure. Blood was collected on the se-
cond day of the menstrual blood flow. The blood was
centrifuged; a pellet with endometrium fragments was
resuspended in PBS with 10% antibiotic-antimycotic mix-
ture, incubated for 1 h at 37°C and centrifuged. The cell
pellet was seeded in 6 cm Petri dishes (Corning, United
States) in DMEM/F12 medium with 10% fetal calf se-
rum (FCS) (HyClone, United States), 1% antibiotic-an-
timycotic mixture, 1% glutamax. The cells were cultivat-
ed for 3 - 7 days. The medium was exchanged several
times during this period; therefore, only adhesive cells
composed the culture.

2.2. Flow Cytometry

The eMSCs immunophenotyping (CD marker expression)
was performed with an Epics XL flow cytometer (Beck-
man Coulter, United States). The single cell suspension
was obtained using 0.05% trypsin/EDTA. 1 x 10° cells
were suspended in 1 mL of PBS with 5% FCS. FITC
conjugated antibodies to CD34, CD44, CD45, CD90,
CD130, and PE (phycoerythrin) antibodies to CD13,
CD19, CD29, CD73, CD105, CD117 and HLA DR were
applied.

Copyright © 2013 SciRes.

2.3. Immunocytochemistry

To visualize surface antigen SSEA-4, live eMSCs were
incubated with mouse monoclonal antibodies to SSEA 4
(Chemicon, United States) (1:50). Immunofluorescent
staining for Oct-4, nestin, and S-III-tubulin was done ac-
cording to the routine protocol. The antibodies used were
mouse monoclonal to Oct4 (1:50) (Santa Cruz, United
States), mouse monoclonal to 4 III tubulin (1:1000) (Che-
micon, United States), rabbit polyclonal to nestin (1:100)
(Chemicon, United States), and rabbit polyclonal to £ III
tubulin (1:100) (Sigma, United States). The secondary an-
tibodies were goat anti rabbit antibodies conjugated with
CY2 (1:300) and goat antibodies to antimouse immuno-
globulins labeled with CY3 (1:300) (Chemicon, United
States) or Dylight 488 (1:400) (Jackson Immuno-research,
United States).

2.4. Adipogenic Differentiation

2 x 10* cells/cm® was seeded in Petri dishes coated with
0.1% gelatin (Sigma, United States). When the cells rea-
ched about 80% confluence, 1 mM dexamethasone (Sig-
ma, United States), 0.5 mM isobutylmethylxanthine
(IBMX; Sigma, United States), 10 pg/mL human recom-
binant insulin (Sigma, United States) and 100 mM indo-
metacin were added. The cells were cultivated in the dif-
ferentiation medium for 5 days with a half volume of the
medium changed every other day. Under these condi-
tions the cells have been differentiated for 3 - 5 weeks.
Lipid drops were visualized with Oil Red staining (Sigma,
United States) according to the manufacturer’s instruc-
tions.

2.5. Osteogenic Differentiation

2 x 10* cells/cm” was seeded in Petri dishes coated with
0.1% gelatin, The cells reached 100% confluence 100
nM dexamethasone, 10 mM f glycerol phosphate and 0.2
mM ascorbate 2 phosphate were added. In this medium,
the cells were differentiated for 3 - 5 weeks with a half
volume of the medium changed every 2 - 3 days. Then,
the cells were fixed with 70% cold ethanol for 1 h and
stained with Alizarin Red, pH 4.1 (Sigma, United States).

2.6. Bone Marrow Isolation

Bone marrow was flushed from the femurs and tibias of
rats and washed with phosphate buffed solution without
Ca”" and Mg** (Sigma-Adrich, United States). The bone
marrow cell suspension was fractionated in 63% Percoll
(Sigma-Adrich, United States) and centrifuge on 1500 g
for 15 min, and then washed with phosphate buffed solu-
tion without Ca®* and Mg*". Total bone marrow cells
(rBMC) were counted using Gorjaev’s chamber.
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2.7. Cell Tracking

For cell tracking in vivo vital dyes were used. Double
staining with membrane dye PKH 67 Green (Sigma-
Adrich, United States) and nuclear staining dye Hoechst
332 (Sigma-Adrich, United States) were applied for trans-

planted cells according to the manufacturer’s instructions.

Staining efficiency was assayed by fluorescent micros-
copy of cells in culture.

2.8. Animal Model

Adult albino rat females weight 200 - 250 g were main-
tained in the designated animal care facility according to
the institutional guidelines for the care and use of labo-
ratory animals. Vaginal cytology was performed to as-
sess for estrous cyclicity. A sterile swab was moistened
with saline and rotated against the vaginal wall to obtain
vaginal cells. Vaginal smears were visualized with the
light microscope. Animals were divided into 2 groups. In
first group 5 x 10° eMSC single cell suspension in 20 pl
PBS and of 20 pl PBS without cells were injected into
the experimental uterine horn and contralateral control
horn, respectively. In second group 20 x 10° rBMC sin-
gle cell suspension in 20 pl PBS and of 20 ul PBS with-
out cells were injected into the experimental uterine horn
and contralateral control horn, respectively. The artificial
decidual response has been induced by electrical stimu-
lation of the cervix during oestrus. On the 5-th day of
pseudopregnancy animals were anesthetized by intra-
muscular injection of Zoletil 100 (Virbac, France) in dose
5 mg/kg weight; surgical manipulations were done under
aseptic conditions. The animals were fixed in a dorsal
position and double sections of skin and muscles 1.5 cm
laterally the vertebrae were done. Uterus horns were pulled
out very carefully to avoid any traumatization and single
cell suspension of eMSC or BMC were injected into one
of the uterine horns. 20 ul of PBS without cells were
introduced into the contralateral horn served as control.
Rats were sacrificed on 11 day of pseudopregnancy. To
estimate the deciduas development in experimental and
control uterine horns uteri were collected and weighed.

2.9. Histology

Frozen 15 pm sections of formed artificial deciduas were
done parallel to a mesometral-antiesometral axis of horns
of a uterus. Slides were fixed in ethanol/methanol mix-
ture for 2 min at —20°C and were stained with hematoxy-
lin and eosin. Differentiation level of decidua in the me-
zometralnom-antimezometralny direction and structural
alteration in decidual tissue, presence of inflammation
and necrosis areas were assessed by light microscopy.

3. RESULTS AND DISCUSSION

Human endometrium composed of endometrial glands

Copyright © 2013 SciRes.

outlined with stroma is a dynamic tissue undergoing
about 400 cycles of regeneration, differentiation, and shed-
ding [20]. It was found that endometrium fragments in
the menstrual blood are the source of stem cells. We es-
tablished cell lines of mesenchymal stem from desqua-
mated endometrium in menstrual blood (eMSC). Figure
1(a) illustrates the eMSC in culture. These cells have a
fibroblast-like shape and generate a monolayer with a
typical rounded swirling (Figure 2(a)). Human endome-
trium composed of glands is surrounded by stroma. Clon-
ing of early passage cells showed that the isolated plastic
adhesive eMSC is a population composed of stromal cells.
Flow cytometry assay showed that the eMSCs expressed
CD13, CD29, CD44, CD73, CD90, and CD105 and did
not express hematopoietic markers CD19, CD34, CD45,
CD117, CD130, and HLA-DR (class II) (Figure 3). This
expression pattern satisfies the requirements suggested
by the International Society for Cellular Therapy for the
human MSC phenotyping based on surface markers. It
was found that more than 50% of the eMSCs express
SSEA-4, a pluripotent marker of human embryonic stem
cells. In human embryonic stem cells, the SSEA-4 anti-

Figure 1. (a) Morphology of the established endometrial mes-
enchymal stem cells (eMSCs). Induced differentiation of the
obtained eMSCs into mesoderm lineages: (b, ¢) adipocytes, (b)
control undifferentiated cells stained by oil red; (b) differenti-
ated cells with lipid vacuoles stained by oil red; (d, e) osteo-
blasts, (d) control undifferentiated cells stained with alizarin red,
(e) calcium deposits of differentiated cells stained with alizarin
red. Ob. 10x (a); Ob. 40x (b), (c); Ob. 20% (d), (e).
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nestin p-1lI-tubulin

Figure 2. Expression of the phenotypic markers in the eMSCs.
(a) nestin, (b) p-11I-tubulin and (c) SEEA-4, Scale bar is 25 (a),
(d) and 10 (¢) pm.

gen is localized on the cell surface uniformly, whereas in
the eMSCs it is concentrated in focal adhesions (Figure
2(c)). However, expression of Oct-4, another pluripotent
marker, was not detected in the eMSCs by either immu-
nofluorescence or polymerase chain reaction. The eMSCs
are positive for nestin (Figure 2(a)), a marker of early
neuronal precursors, and S-IlI-tubulin (Figure 2(b)), a
marker of late neuronal precursors. Nestin and S-11I-tu-
bulin expression in the cytoskeleton of the eMSCs from
menstrual blood signifies that they are probably, predis-
posed to differentiate into neurons and astrocytes [21].
The International Society for Cellular Therapy defines
multipotency of any human MSCs as a cell capacity to
differentiate under certain stimuli into other mesoderm
lineages. Figure 1 illustrates the differentiation of eMSCs
into adipocytes (Figures 1(b) and (c)) and osteoblasts
(Figures 1(d) and (e)). Both differentiated cultures have
specific histological features. Adipocytes are characterized
by accumulation of lipid droplets; osteoblasts have cal-
cium deposits. Lipid drops stained with oil red are locat-
ed in the perinuclear area of the differentiated adipocytes
(Figure 1(c)). Figure 1(e) shows calcium deposits stain-
ed with alizarin red in the osteoblasts differentiated from
the eMSCs. The frequency of adipogenic and osteogenic
differentiation in our experiments was 70 - 80 and 30%,
respectively.

Thus, eMSC is established from the menstrual blood
meeting all the criteria of human multipotent MSC.
eMSC derived from menstrual blood have been success-
fully used as a feeder layer for cultivation of human em-
bryonic stem cells that mimic the earliest stage of the hu-
man embryonic development [19].

In this work we assayed the effect of human eMSCs on
decidualization processes using pseudopregnancy in rats
as a model. At the 11th day of pseudopregnancy more

Copyright © 2013 SciRes.

intensive development of decidua was observed in the
experimental horn after inoculation of human eMSC sus-
pension into the uterine lumen than in control uterine
horn after PBS injection. To exclude that effect due to
the fact that transplanted human eMSC are xenogenic,
we used rat BMC (rBMC) in the same model. Figure 4(d)
illustrates a significant difference in size of experimental
and control horns after eMSC transplantation. The same
result was obtained with rBMC. Visible difference in the
size of experimental and control horns was quantitated
by weighing of isolated decidual tissue (Figure 3). It is
seen (Figure 5) that the weight of decidual tissue in ex-
perimental horns three times exceeds the weight of this
tissue in control in both groups of animals. It implies that
both eMSC and rBMC translation stimulate deciduali-
zation in animals. Histological analysis of decidua sec-
tions did not reveal any alterations in cell differentiation
or tissue structure after human eMCS or rBMC trans-
plantation in a uterus of pseudopregnant rats (Figures
4(a)-(c)).

It is known that mesometrial part of rodent decidua is
formed by large decidual cells (LDC) [11]. Huge poly-
gonal LDC of antimesometrial part of decidua are seen in
Figure 4(c). Figure 4(b) demonstrates mesometrial part
of the decidua is composed of small decidual cells. The ra-
tio of antimezometrial part of rat decidua constitutes from
30% to 40% of the area of a whole decidua section. Me-
zometrial part of decidua consists of small decidual cells
and endometrial granulated cells (Figure 4(b)). Decidua
on perpendicular section has an oval shape and its di-
ameter size allows to compare different decidua by their
area. For an assessment of transplantation effect of stem
cells on LDC differentiation as the most differentiated
decidual compartment, size of LDC zone relative to the
whole dicidua area was measured. The morphometric re-
sults are presented in Table 1. The decidua from expe-
rimental uterine horns 1.5 - 2 times increased in diameter
in the meso-antimezometralnom direction compared to
the diameter of decidua in control horns. Table 1 illus-
trates the fact that LDC zone ratio in decidua section re-
mained stable in all deciduas. Thus, transplantation does
not cause alterations in the tissue structure; the increase
in the decidua size results in intensived development of
all elements of decidual tissue. Transplanted human
eMSC and rBMC were found in decidual tissue in 6 days
after transplantation. Figure 6(a) shows blue fluores-
cence of nuclei and green fluorescence of membranes in
cultured eMSC double stained with membrane dye PKH
67 Green (Sigma-Adrich, United States) and nuclear
staining dye Hoechst 332 (Sigma-Adrich, United States).
Blue and green signals are also seen on tissue sections of
deciduas from animals with transplanted eMSC (Figure
6(b)). No leukocyte infiltration in sites of transplanted
cells was found. (Figures 4(a)-(c). Immunosuppres-
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Figure 3. Expression of the surface markers in the derived eMSCs. Flow cytometry. Abscissa—fluorescence intensity; ordinate—cell
number; FITC—FITC-stained cells; PE—phycoerythrin-stained cells.

sive ability of the decidual tissue has been reported in
many studies. For example, primary allogeneic skin grafts
transplanted into the decidualized uterus of pseudopreg-
nant rats survived significantly longer than those inserted
into nondecidualized uteri [22]. On all terms of pregnan-
cy, insolvency of decidual reaction of endometrial cells is
one of the reasons of miscarriages and fetal growth delay

Copyright © 2013 SciRes.

[23]. The insufficient decidualization of endometrum leads
to infertility in such pathologies, as Asherman’s syn-
drome and an endometrium atrophy. The frequency of
Asherman’s syndrome occurrence in the women under-
went hysteroscopy is 1.55% and 39% in women with re-
current miscarriage [24]. Currently, this disease is treated
by surgery with subsequent cyclic hormonal therapies
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Figure 4. (a) Histological section of pseudopregnant rat’s uterus
after human endometrial mesenchymal stem cells (eMSC) trans-
plantation. Hematoxylin and eosin staining. Ob. 5%; (b) Me-
sometrial part of decidua after eMSC injection. Hematoxylin
and eosin staining Ob. 20%; (c) Antimesometrial part of decidua
after eMSC injection. Hematoxylin and eosin staining Ob. 20x;
(d) Rat’s uterus on 11th day of pseudopregnancy after inocula-
tion of human eMSC suspension into the uterine lumen: expe-
rimental horn (left) and control uterine horn after PBS injec-
tion (right).

Decidual tissue weight, mg

Weight, mg
D
S
[=]

400
200 e — - l
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eMSC rBMS

= Experimental uterine horn  m Control uterine horn

Figure 5. Decidual tissue weight of experimental and control
uterine horns after injections of human endometrial mesenchy-
mal stem cells (eMSC) and rat bone marrow cells (rBMC).

Table 1. Results of rat deciduas sections morphometric after
transplantations of endometrial mesenchymal stem cells (eMSC)
and rat bone marrow cells (rBMC).

Rat deciduas on 11th day Experl‘mental Control decidua
of pseudopregnancy decidua

Decidua dlgmeter size after eMSC 43105 26405
transplantation (mm)
Decidua dlgmeter size after BMC 46403 31408
transplantation (mm)
Large decidual cells (LDC) zone
ratio in deciduas section after 354+3.6 31.8+1.6
eMSC transplantation, (%)
Large decidual cells (LDC) zone
ratio in deciduas section after 38.3+7.3 45.1+£9.0

eBMC transplantation, (%)

during the next three-six months. However, there are
data on successful application of autologous bone mar-
row cells for Asherman’s syndrome treatment [25]. The

Copyright © 2013 SciRes.

a b

Figure 6. Blue fluorescence of nuclei and green fluorescence
of membranes in cultured eMSC double stained with mem-
brane dye PKH 67 Green and nuclear staining dye Hoechst 332:
(a) eMSC in culture Ob. 40%; (b) experimental decidua tissue
section Ob. 20x.

authors described a clinical case of the Asherman’s syn-
drome infertility when intrauterine injection of CD9,
CD44 and CD90 positive autologous bone marrow cells
to the patient led to increase in thickness of endome-
trium and successful pregnancy occurrence. In conclu-
sion, we demonstrated for the first time that eMSC trans-
plantation into pseudopregnant rat facilitates the devel-
opment of all elements of decidual tissue. It opens the
possibility that eMSCs may be applied for the cell ther-
apy of infertility associated with decidualzation insuffi-
ciency. The MSCs harvested from bone marrow demand
an invasive procedure that is painful and risky for pa-
tients. A noninvasive and easily available source for iso-
lation of eMSCs, their plasticity, high proliferation activ-
ity during long-term cultivation, genetic stability, lack of
tumorigenecity [26] and low immunogenicity, as well as
positive results on cell therapy in experimental animals,
makes the eMSCs from menstrual blood a promising
source of stem cells for future clinical applications, in-
cluding reproduction technology.
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