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ISOLATION OF MULTIPOTENT MESENCHIMAL
STROMAL CELLS FROM MINIMAL HUMAN
ENDOMETRIUM BIOPSY
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The aim of the research was establishing a cell culture from a minimal human endometrial
biopsy and assessment its conformity with the criteria for multipotent mesenchymal stromal
cells. It was shown that cells in the culture possess adhesion to plastic, have characteristic
fibroblast-like morphology, express CD73'CD90"CD105", and are negative for hematopoietic
markers (CD34 CD45 HLA-DR"), have the ability to directed adipogenic, osteogenic and
chondrogenic differentiation. Due to these properties, the cell population isolated from the

minimal endometrial biopsy can be attributed to multipotent mesenchymal stromal cells.
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The active development of regenerative
medicine is associated with the research in
the field of cell biology, biotechnology and
the search for new therapeutic approaches
to the treatment of a number of diseases.
The development of auxiliary reproductive
technologies has allowed many infertile
couples to get the desired pregnancy. A
prerequisite for a successful pregnancy is not
only the high quality of the embryos, but also
a healthy receptive endometrium. It is known
that thin (less than 5mm in the middle of the
cycle) endometrium reduces the probability of
pregnancy up to 0.5-1.0% [1].

Reducing female fertility has a number
of causes, among which the proportion of
the uterine factor in the isolated or mediated
variants is 24-62% [2]. It is known that
the frequency of pathological changes in
the endometrium in women’s infertility is
88%, in cycles using alternative method of
auxiliary reproductive technology — ART —
77.5% [3].

The causes of endometrium hypoplasia
may be the inflammatory diseases of the pelvic
organs, changes in the hormonal homeostasis,
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medical manipulations, surgical interventions
associated with the basal layer of endometrium
injury [4].

Gynecologists are working on solving
this problem, but the proposed methods do
not provide a guaranteed result. Existing
methods are based on three main approaches:
mechanical (surgical), physical and biological
effects on the endometrium.

An alternative method for thin non-
peritoneal endometrium restoring is the use of
autologous multipotent mesenchymal stromal
cells (MSCs).

The popularity of MSCs is due to their
immunomodulating properties, significant
proliferative potential and the ability to
differentiate in cell types — derivatives of
mesenchyma [5—7]. The most common source
of MSCs is bone marrow [8], although they
can be obtained from adipose tissue, pulp of
the tooth, skin, cord blood, placenta, etc.
[9-13].

Recently, more and more attention has
been focused on new sources for MSCs.
Endometrium is perspective in this regard as
this tissue regenerates on a monthly basis.
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Endometrium is a unique structure that is
completely restored more than 500 times
during the woman’s reproductive age [14].
The endometrial basal layer contains a pool
of multipotent cells that provides processes
for regeneration and reorganization of
endometrium tissue. These include stem and
progenitor cells — endothelial, epithelial and
mesenchymal stromal cells [15, 16].

The first own population of endometrial
multipotent mesenchymal stromal cells
(eMMSCs) was isolated from the endometrium
[17] and later from menstrual blood, in 2004
[18]. High proliferative activity, potential
for multiline differentiation and karyotypic
stability make this cell type an attractive subject
for research and possible use in cell therapy.

The aim of the work was to isolate a
population of cells from a minimal endometrial
biopsy and to verify their compliance
with the criteria for the assessment of
MMSCs [19] — adherence to plastic in
standard culture conditions, fibroblast-like
morphology, expression of a typical phenotype
(CD73"CD90"CD105"CD34 CD45 HLA-DR")
and the ability for direct differentiation in vitro.

Materials and Methods

eMMSCs obtaining and cultivation

Endometrial samples (n = 5) were obtained
by biopsy in the proliferative phase of the
menstrual cycle from women with endometrial
hypoplasia. The age of patients was 34 + 3.3
yrs. In all cases, voluntary informed consent
was signed. The fragments of endometrium
were dissociated by enzymatic treatment
for 50 min in a solution of 0.1% collagenase
IA and 0.1% pronase with the addition of
2% fetal bovine serum (FBS). The resulting
suspension of cells was cultured in DMEM/F12
medium with the addition of 10% FBS, 2 mM
glutamine and 1 pg/ml of FGF-2 (all — Sigma,
USA) in multi-gas incubators at 37 °C, absolute
humidity, 5% CO, and 5% concentration of
0,. eMMSCs were selected as a cell fraction
that adhered to the plastic in 24-48 h after
transferring the suspension to a culture vessel.

To study the phenotype and the ability
to directed adipogenic, osteogenic and
chondrogenic differentiation, cell cultures of
the 3" passage were used.

Directed adipogenic, osteogenic and
chondrogenic differentiation

Directed adipogenic and osteogenic
differentiation was performed according to
generally accepted methods [20].

For confirmation of osteogenic and
adipogenic differentiation, cells were fixed in
a 10% formalin solution for 20 min, washed
with phosphate buffer and stained for 2 min
with Alizarin Red S (pH 4.1 for mineralized
extracellular matrix detection) or 0.5% Oil Red
solution O (for detection of lipid inclusions,
all — Sigma, USA). The cells differentiated
in the adipogenic direction were additionally
contrasted with Romanowsky stain for 20 min.

Chondrogenic differentiation was carried
out using the micromass method (300,000 cells
were centrifuged to obtain a precipitate in 15-ml
test tubes (Nunc, USA) for 14 min, 2000 rpm)
in chondrogenic inductive medium containing
DMEM-HG with high (4.5 g/1) glucose content
(PAA, Germany) with addition of 50 pg/ml
ascorbate-2-phosphate (Sigma, USA), 40 ng/ml
L-proline (Sigma, USA), 100 pg/ml sodium
pyruvate (Sigma, USA), 10 ng/ml rATGF-3
(Sigma, USA), 10" M dexamethasone (Sigma,
USA), 1% ITS (containing 6,25ng/ml insulin,
6,25 ng/ml transferrin, 6,25ng/ml selenic acid),
1.25 mg/ml bovine serum albumin, 5.35 mg/ml
linoleic acid (BD Biosciences, USA) and incubated
for 21 days in a CO, incubator at 37 °C and 5% of CO.,.
Change of medium was carried out every 3" day.

As a result, at the 21°° day of induction,
a dense chondroid was formed at the bottom
of the test tube. The chondroid was further
cut on the microtome. To determine acid
glucose amine glycans (GAGs) the resulting
slices (10 pm thick) were stained with a 0.1%
solution of Safranin O (Sigma, USA) or a 1%
solution of Alcycan Blue (Sigma, USA).

Flow cytometry analysis

The cell phenotype was assessed by
fluorescence-activated cell sorting (FACS) on
BD FACS Aria flow cytometer (BD Pharmingen,
BD Horizon USA). Staining with monoclonal
antibodies (PerCP-Cy5.5 mouse anti-human
CD105, APC mouse anti-human CD73, FITC
mouse anti-human CD90, PE-Cy5 mouse anti-
human HLA-DR, APC mouse anti-human CD34,
FITC mouse anti-human CD45) was done in
accordance to manufacturer’s instructions (BD
Pharmingen, BD Horizon USA). The analysis
was performed using BD FACS Diva 6.1
software (BD Pharmingen, BD Horizon USA).

Microscopy

Axio Observer Al inverted fluorescence
microscope was used, equipped with AxioCam
ERc 5s digital camera and ZEN 2012 software
(all — Carl Zeiss, Germany).

All numeric data is represented by the
mean +standard deviation (M = S.D.).
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Results and Discussion

When choosing a source for MMSCs one
should keep in mind the patient’s safety,
invasiveness of material sampling and
potential for obtaining a sufficient number of
cells at the selection stage.

The most common MMSCs source is
hypodermic fatty tissue, which is associated
with a significant release of cells at the
selection stage. So, from 1 g of adipose tissue
0.5-2.0x10°% cells of the stromal-vascular
fraction can be isolated in average, which
gives 1-10% of stem cells output [21]. Some
sources argue that the number of isolated cells
can be even larger and will be about 2—-6x10°
cells from 1 ml of tissue [22]. The number of
MMSCs isolated from 1 g of adipose tissue
varies between 0.5x10* and 2x10° [28]. This
is a significant indicator, compared with the
MMSCs part in bone marrow, where the MMSCs
content is only 0.001-0.01% [24].

These differences are due to the
characteristics of the donor, such as gender,
age, ethnicity, history of the present disease.
In addition, it depends on the type of tissue,

location, method of tissue sampling and culture
conditions [25].

In this work, after 5—-14 days of eMMSCs
cultivation, the obtained primary population of
cells numbered from 0,6x10° to 2x10° cells. The
average cell number at PO was 1.07+0.49x10°
cells in 9+3.8 days after isolation.

One of the MMSCs characteristic features
is their ability to adhere to plastic under
standard cultivation conditions. One day after
transferring the cell suspension into a culture
vessel, the cells began to adhere to plastic.

The cells in the culture had a fibroblast-like
morphology, actively proliferated and formed a
monolayer, as shown in Fig. 1.

The results of immunophenotype study
of the P3 cell culture are presented in the
Table. Representative FACS histograms are
demonstrated in Fig. 2 .

The expression level of MMSCs positive
markers was: CD90 — 95.44+3.3%, CD105 —
96.3+2.7%, CD73 — 97.6*x1.9%. The
percentage of cells expressing hematopoietic
markers was: CD34 — 0.92+0.4%, CD45 —
0.36+0.3% , HLA-DR — 0.76%+0.2%.

Fig. 1. eMMSCs morphology at P3: phase contrast microscopy
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Fig. 2. Representative FACS histograms
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Table. Immunophenotype of human eMMSCs

CD90 CD105 CD73 CD34 CD45 HLA-DR
No. 1 95,7% 98,6% 99,6% 1,2% 0,1% 0,9%
No. 2 90% 92,6% 94,6% 1,4% 0,9% 0,9%
No. 3 97,8% 94,3% 97,9% 0,6% 0,2% 0,9%
No. 4 98,2% 98,4% 98,4% 0,8% 0,2% 0,6%
No. 5 95,5% 97,65 97,5% 0,6% 0,4% 0,5%
Mean=SD | 95,44%3,3% | 96,3+2,7% | 97,6+1,9% | 0,92+0,4% | 0,36=0,3% | 0,76+0,2%

Note: the results in the table are presented in the form of averages and standard deviations of 5 donors. It
cannot be specified the significance level between values as the indicators of phenotypic markers expression. The

level of their expression (high or low) is of great interest.

Thus the investigated cell cultures
demonstrate the characteristic
CD73"CD90"CD105"CD34 CD45 HLA-DR™
phenotype that meet the minimum criteria for
the MMSCs definition.

In accordance with the minimum MSC
criteria of the International Society for
Cellular Therapy, multiple potency is a
mandatory property of any MMSCs and
is determined by their ability to direct in
vitro differentiation into mesenchymal cell
derivatives (adipocytes, osteoblasts and
chondrocytes).

Fig. 3 shows the directed adipogenic and
osteogenic differentiation of human eMMSCs.
All differentiated cultures have acquired
specific characteristics.

In detail, after 14 days of cultivation in
adipogenic inductive medium, the cells began
to accumulate lipid vacuoles. Interestingly,
differentiated eMMSCs formed small
lipid vacuoles located in the perinuclear
region. In contrast, bone marrow MMSCs
and subcutaneous adipose tissue undergo
adipogenic differentiation in different way:
their lipid vacuoles are significantly larger
and are evenly distributed throughout the
cytoplasm of the cell.

eMMSC demonstrated typical osteogenic
differentiation, the cells matrix began to
mineralize from the 14" day of cultivation in
the osteoinductive medium. Alizarin Red S
staining showed a positive reaction to the Ca-
containing mineralized cellular matrix at the
21°* day after induction.

As for the chondrogenic differentiation,
a dense chondroid was obtained after 21
days of chondrogenic induction. Fig. 4
shows the cytochemical detection of acid
glycosaminoglycans using Alcian Blue (4)
staining and the Romanowsky (B) staining.

Thus, isolated from minimal endometrium
biopsy, eMMSCs meet minimum ISCT
(International Society for Cellular Therapy)
criteria for MMSCs, such as adherence
to plastic in standard culture conditions,
fibroblast-like morphology, expression of a
typical phenotype (CD73"CD90"CD105'CD34~
CD45"HLA-DR") and ability for direct
differentiation in vitro. The possibility of
eMMSCs isolation from a minimal endometrial
biopsy opens up the new perspectives for their
use in regenerative medicine, as well as their
potential for drug testing in pharmacology,
which makes further investigation of this cell
type very promising.

Fig. 3. Directed adipogenic (4, Oil Red O and Romanowsky stain) and osteogenic (B, Alizarin Red S stain)
differentiation of human eMMSCs: light microscopy
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Fig. 4. Alcian Blue stain, 5x (4) and Romanowsky stain, 10x (B): light microscopy

Considering the above-mentioned, human
eMMSCs are of specific interest for further
investigation for the use in regenerative and
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Metoo pob6oTu 6yJsi0 OTPUMaHHA KYJIbLTYPHU
KJaiTuH i3 MimimaabHOi 6Giomcii emmomeTpiro
JIOOWHU Ta mepeBipka ii Ha BigmoBigHicTb
KPUTEPiAM MYJbTUIIOTEHTHUX Me3eHXiMaJIbHUX
cTpoMaJbHUX KJiTuH. IloKazaHo, 110 KJIiTUHHT
B KYJBTYpPi aATre3yioTh MO MIJIACTHUKY Ta MAalOTh
xapakTepuy (QiopobiacTomonibuy mopdoJiorizo,
excrnpecyors CD73"CD90'CD105% i e
HETaTUBHUMU 32 IeMONOETUYHUMU MapKepamMu
(CD34 CD45 HLA-DR"). Bigsmaueno ixHIO
3IATHICTh IO CIPAMOBAHOTO a4QUIIO-, OCTEO- Ta
XOHAPOTEHHOTO Au@epeHIiloBaHHA. 3a IUMU
KPpUTEPiaAMy HOmyJasdIilo KJIIiTHH, OTPUMaHUX
iz mimimaabHOI Oiomcii eHmmomeTrpiro, MoOKHa
BiJHECTH 10 MYJBTUIIOTEHTHUX Me3eHXiMaJbHUX
CTPOMAJILHUX KJITHUH.
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TIOTEeHTHI Me3eHXiMaJIbHI CTPOMAJIbHI KIITUHN.
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ITensio paboThl OBIIO MOJIyUeHUE KYJIbTYPHI
KJEeTOK U3 MUHUMAJbHON OMOICUU SHIOMETPU
YeJ0BEeKa U e€ MPOBepKa Ha COOTBETCTBUE KPU-
TePUAM MYJbTUIOTEHTHBIX ME3eHXUMAaJbHBIX
CTPOMAJBHBIX KJETOK. IloKasaHo, YTO KJIETKU
B KYJbType aAre3upyioT K IJIACTUKY U UMEIOT
xapakTepHyo (pubpobiaacTonomobHyI0 MOpPQdO-
Joruio, skcrnpeccupyior CD737CD907CD105" u
SABJSAIOTCS HEMaTMBHBIMU 110 T€MOIO3TUUECKUM
mapkepam (CD34 CD45 HLA-DR). Ormeuena
UX CIOCOOHOCTD K HAIIPABJEHHON aJUIlo-, OCTEO-
u xoHJporenHoi nuddepernnuposke. Ilo saTum
KPUTEPUAM HOMYJANUI0 KJIETOK, MOJYUEHHBIX
13 MUHUMAJIbHON OMOIICUY SHIOMETPUS, MOMKHO
OTHECTHU K MYJIbTUIOTEHTHBIM Me3eHXNMAaJIbHBIM
CTPOMAJBHBIM KJIETKAM.

Knrwouesvle cnosa: sumomMeTpuil 4eJoBeKa, MyJb-

THUIIOTEHTHBIE Me3€HXMMAaJIbHbIe CTPOMAaJIbLHBbIE
KJIETKH.
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