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Abstract: Mesenchymal stem cells (MSCs) are of great interest to scientists due to their application
in cell therapy of many diseases, as well as regenerative medicine and tissue engineering. Recently,
there has been growing evidence surrounding the research based on extracellular vesicles (EVs),
especially small EVs (sEVs)/exosomes derived from MSCs. EVs/exosomes can be secreted by almost
all cell types and various types of EVs show multiple functions. In addition, MSCs-derived exosomes
have similar characteristics and biological activities to MSCs and their therapeutic applications are
considered as a safe strategy in cell-free therapy. The aim of this study was the characterization of
MSCs isolated from the chorion (CHo-MSCs) of human full-term placenta, as well as the isolation and
analysis of small EVs obtained from these cells. Accordingly, in this study, the ability of small EVs’
uptake is indicated by synovial fibroblasts, osteoblasts and periosteum-derived MSCs. Improvement
in the understanding of the structure, characteristics, mechanism of action and potential application
of MSCs-derived small EVs can provide new insight into improved therapeutic strategies.

Keywords: extracellular vesicles; small EVs; chorion; mesenchymal stem cells; cell-free therapy

1. Introduction

Mesenchymal stem cells (MSCs) are multipotent stem cells firstly isolated from adult
bone marrow [1,2] and have become studied and widely used in cell-based therapy over the
past 30 years [3]. MSCs of different origin are characterized with several equal features, but
also with biological differences responsible for their distinct clinical properties and potential
application in cellular therapy and tissue engineering, mostly to treat degenerative changes
in joints, to reconstruct bones and cartilage, in cell transplantation, in cardiovascular
diseases, in plastic surgeries and in aesthetic medicine [4–8].

There is an evidence that MSCs were successfully isolated from various sources, in-
cluding bone marrow, adipose tissue, umbilical cord tissue, cord blood, placenta, amniotic
fluid, synovial fluid, etc., [9,10]. The placenta is a very abundant source of MSCs con-
sidering its easy availability and noninvasive tissue collection, without causing ethical
issues. Nowadays, MSCs isolation from placental membranes has been extensively ex-
amined because of exhibition of their different proliferative and differentiative potential,
caused by the complex structures and functions of placenta [11]. The human placenta
is a complex feto-maternal organ, which consists of the amniotic membrane, amniotic
epithelium, chorionic membrane, chorionic trophoblast, chorion villi and decidua [12]. The
amnion is the inside layer surrounding the fetus during pregnancy. Amniotic epithelial
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cells and amniotic MSCs could be extracted from the amnion. The chorion is situated
outside and is attached to the decidua (maternal part of the placenta). Chorionic MSCs
and chorionic trophoblastic cells could be extracted from the chorion [13,14]. Gonzalez
et al. and Bacenkova et al. showed the superior differentiation of human chorionic-derived
MSCs (CHo-MSCs) and their immunosuppressive and angiogenic potential in vitro [15,16].
Koo et al. confirmed that CHo-MSCs are able to express many pluripotent stem cell-specific
genes and proliferate well during ex vivo expansion [17]. Yamahara et al. also indicated
the secretion of angiogenic factors, including HGF, IGF-1, VEGF and bFGF by CHo-MSCs.
Moreover, it was determined that transplantation of CHo-MSCs significantly increased
blood flow and capillary density in a murine hindlimb ischemia model [18].

In general, MSCs are able to self-recover, can differentiate into many types of cells and
participate in immunomodulation [19]. Their broad-ranging potential for the treatment
of several diseases may be largely realized by paracrine factors presented by cytokines,
chemokines and growth factors [20]. Recent studies confirmed the therapeutic effect of
MSCs through their secretion of extracellular vesicles (EVs) [21], which are membranous
structures derived from cells and which play an essential role in intercellular communi-
cation via transfer of bioactive proteins, lipids and RNAs. Through their heterogeneous
composition, EVs are considered to be a potential source of circulating biomarkers of
several diseases. Moreover, there is an evidence that EVs are promising candidates for
cell-free regenerative medicine [22], due to their capability to affect cellular phenotype,
proliferation and differentiation in a paracrine manner [23]. They have been tested in
various animal models for human diseases (e.g., liver fibrosis [24], brain injury [25], bone
defects [26], osteoarthritis [27], kidney injury [28], myocardial infarction [29], Alzheimer’s
disease [30], wound healing and angiogenesis [31]) and it was detected that their functions
are very similar to MSCs [22]. Both normal and pathological cells are able to release various
types of EVs with different physiological properties, functions and compositions. The
International Society of Extracellular Vesicles (ISEV) approved that “EVs is a generic term
for particles secreted by cells that are delimited by a lipid bilayer and cannot replicate,
i.e., do not contain a functional nucleus” [32]. Generally, EVs are classified based on their
biogenesis and size into three main classes—apoptotic bodies (~50–2000 nm in diameter),
microvesicles (~150–1000 nm in diameter) and exosomes (~30–150 nm in diameter) [33–35].
The nomenclature of EVs, based on the size of EVs, are referred to also by small EVs
(<200 nm) or medium/large EVs (>200 nm) [36]. Small EVs, especially exosomes, are
microvesicles with an endosomal origin which are formed by the internal budding of the
multivesicular body membrane. Their presence in the extracellular area was first identified
as early as the late 1980s [37]. It was proven that EVs/exosomes are produced and secreted
from various cell types and occur in almost all kinds of bodily fluids. The characteristics of
secreted EVs/exosomes are highly dependent on the origin, type and condition of parent
cells. Presently, EVs/exosomes have evoked high attention and have been implicated both
in physiological and pathological conditions. MSCs-derived exosomes are considered as
special agents of intracellular communication and play an important role in tissue repair.
Current studies indicate that MSCs-derived exosomes have similar biological activities and
therapeutic outcomes when compared to MSCs alone [38–40] and are considered to be a
good alternative to cell therapy.

The proper definition and characterization of the terms EVs and exosomes varies in
the literature. For this reason and regarding their determined characteristics, in this work
we call them, collectively, small EVs (sEVs). Our study focused on the characterization of
MSCs isolated from the chorion of human full-term placenta, as well as on the isolation
and analysis of sEVs derived from the conditioned medium of CHo-MSCs under defined
conditions. The aim of this study was to determine the surface markers and multilineage
differentiation ability (adipogenic, osteogenic and chondrogenic induction) of CHo-MSCs
expanded in vitro. sEVs were isolated using the precipitation method and characterized in
terms of their size, yield and surface marker expression. The work-flow of our experiments
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is indicated on Figure 1. Finally, we demonstrated the ability of sEVs’ uptake by synovial
fibroblasts, osteoblasts and periosteum-derived MSCs.
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2. Results and Discussion
2.1. The Identification of Human Chorionic-Derived MSCs

The placenta is considered as medical waste and is discarded after childbirth. Never-
theless, this fetal tissue is often described as a good and easily available source of MSCs
for stem cell therapy, transplantation and tissue regeneration [11,41–44]. Originally, the
placenta evolves from cells of fetal origin and progressively includes both maternal tissue
(decidua) and fetal tissue (chorion, amnion). A predominant fraction of the placental
external membrane surrounding the fetus is chorion, which has been shown to be a source
of high amount of MSCs, with potential therapeutic effects [45]. There are three minimum
criteria for MSCs [46]: being plastic adherent cells; having a differentiation potential to one
or more lineages—adipogenic, osteogenic, chondrogenic or vascular/endothelial; being
positive for the surface antigens CD90+, CD73+, CD105+ and negative for CD45−, CD34−,
CD14− and HLA-DR−. The isolated cells were characterized for their ability to adhere,
differentiate into three mesodermal lineages and to express typical mesenchymal stromal
cell markers. In the early stages of CHo-MSCs culture, cells adhered to the surface of
tissue culture plates and reached 80–90% confluence after ~14 days with the cell doubling
time 29.3 ± 0.5 h (Figure 4A). CHo-MSCs changed from small spindle-shaped cells to a
fibroblast-like cellular morphology population during cultivation (Figure 2). Figure 2B is
a representative image of fluorescently stained actin cytoskeleton of CHo-MSCs in pas-
sage four. It was observed that a large number of thin, parallel microfilament bundles
extended across the entire cytoplasm in the CHo-MSCs’ actin cytoskeleton. Recent studies
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are focused on MSCs’ potential to differentiate into multiple tissue types—adipocytes [47],
myocytes [48], osteocytes [49], hepatocytes [50] and neurons [51]—and have also suggested
that there are differences in their degree of differentiation between source material and its
age. To investigate whether isolated CHo-MSCs are able to differentiate into three lineages,
chondrogenic, osteogenic and adipogenic, differentiation assays were induced in vitro.
Osteogenic differentiation was proven by Alizarin Red S staining, where calcium oxalate
deposits were detected (Figure 3A) in differentiated CHo-MSCs. Adipogenic differentia-
tion was determined by Oil Red O staining of lipid vacuoles (Figure 3B). Chondrogenic
differentiation was confirmed by Alcain Blue staining of proteoglycans (Figure 3C). The
acquired results confirmed the nature of our isolated chorionic-derived cells as MSCs and
showed their three-lineage differentiation capability.
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conjugated fluorophore that labels actin microfilaments, red) and DAPI (fluorophore that labels nuclei, blue). The samples
were imaged on an inverted fluorescence microscope Leica DMI3000B using a 10× objective. Scale bars = 200 µm.
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Figure 3. Microscopic images of CHo-MSCs (passage P4) after 21 days in differentiation medium. (A) Osteogenic differenti-
ation detected by Alizarin Red S staining of calcium oxalates; (B) Adipogenic differentiation detected by Oil Red O staining
of lipid vacuoles; (C) Chondrogenic differentiation detected by Alcain Blue staining of proteoglycans in differentiated
human CHo-MSCs. Images were obtained on an inverted fluorescence microscope Leica DMI3000B using a 10× objective.
Scale bars = 200 µm.

For the confirmation of the mesenchymal character of the isolated cells, their pheno-
type was analyzed by flow cytometry. CHo-MSCs expressed multiple markers of MSCs.
The percentage of positivity of each marker in passages P0–P4 is shown in Figure 4B. Flow
cytometric analysis clearly indicated that CHo-MSCs at various passages were highly posi-
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tive for all MSCs-specific surface markers (CD29, CD 44, CD73, CD90, CD105) and these
expressions slightly increased with increasing passages. The expression of CD54 (known as
ICAM-1, which is typically expressed on endothelial cells and cells of the immune system)
also increased during the tested passages. On the other hand, the expression of hematopoi-
etic marker (CD34), leukocyte marker (CD45), monocyte/macrophage marker (CD14) and
embryonic stem cell marker (SSEA4) were negative at all tested passages. CHo-MSCs with
higher passages also demonstrated a lower expression of major histocompatibility complex
(MHC) class II HLA-DR when compared with P0.

Int. J. Mol. Sci. 2021, 22, x FOR PEER REVIEW 5 of 18 
 

 

cytometric analysis clearly indicated that CHo-MSCs at various passages were highly pos-
itive for all MSCs-specific surface markers (CD29, CD 44, CD73, CD90, CD105) and these 
expressions slightly increased with increasing passages. The expression of CD54 (known 
as ICAM-1, which is typically expressed on endothelial cells and cells of the immune sys-
tem) also increased during the tested passages. On the other hand, the expression of hem-
atopoietic marker (CD34), leukocyte marker (CD45), monocyte/macrophage marker 
(CD14) and embryonic stem cell marker (SSEA4) were negative at all tested passages. 
CHo-MSCs with higher passages also demonstrated a lower expression of major histo-
compatibility complex (MHC) class II HLA-DR when compared with P0. 

The total protein content of CHo-MSCs lysates was ~1.82 mg/mL according to the 
results of BCA assay. In order to visualize and quantify the protein content in CHo-MSCs 
lysates, SDS-PAGE electrophoresis followed by Coomasie Blue staining was performed. 
In Figure 4C (on the left, blue) it is shown that a broad spectrum of proteins was detected 
in CHo-MSCs lysates and that each fraction showed a characteristic size distribution pro-
file in the range of 2 to 250 kDa by 20, 50 and 100 µg of total proteins in lysates. Notably, 
in Figure 4C (on the right, grey) Western Blot analysis indicated that MSC-associated pro-
teins, such as CD44 (band size at 80 kDa) and CD105 (band size at 105 kDa) were also 
detected in CHo-MSCs lysates. 

Obtained data confirmed that the isolated CHo-MSCs in this study consistently ful-
filled the criteria defined for MSCs [13,46] and that these cells can be used in our next 
experiment, which is focused on the isolation and characterization of sEVs. CHo-MSCs 
were expanded for seven passages with no significant changes in their phenotype charac-
teristics. Therefore, we decided to use CHo-MSCs from P4 for sEVs isolation. 

 

 
Figure 4. (A). Proliferation growth curve and doubling time of CHo-MSCs monitored by the xCELLigence® RTCA SP 
system in real time. (B). Bar chart of flow cytometry data showing cell surface marker expression of human CHo-MSCs at 
different passages (P0–P4); n = 4. Values ± SD are shown as the percentage positive expression of total cells analyzed using 
flow cytometry. Positivity for each antibody was defined as the level of fluorescence greater than 95% of the isotype-
matched control antibodies and a negativity less than 2%. (C). SDS-PAGE (20, 50 and 100 µg CHo-MSCs lysates were 

Figure 4. (A) Proliferation growth curve and doubling time of CHo-MSCs monitored by the xCELLigence® RTCA SP
system in real time. (B) Bar chart of flow cytometry data showing cell surface marker expression of human CHo-MSCs
at different passages (P0–P4); n = 4. Values ± SD are shown as the percentage positive expression of total cells analyzed
using flow cytometry. Positivity for each antibody was defined as the level of fluorescence greater than 95% of the
isotype-matched control antibodies and a negativity less than 2%. (C) SDS-PAGE (20, 50 and 100 µg CHo-MSCs lysates
were separated on 4–10% SDS-PAGE gel) with following Coomassie Blue staining (left, blue) and representative images
from Western Blot analysis of MSCs- specific CD44 and CD105 proteins (right, gray). 50 µg CHo-MSCs lysates were
electrophoretically transferred to nitrocellulose membrane and incubated with rabbit monoclonal anti-CD105 and anti-CD44
primary antibodies.

The total protein content of CHo-MSCs lysates was ~1.82 mg/mL according to the
results of BCA assay. In order to visualize and quantify the protein content in CHo-MSCs
lysates, SDS-PAGE electrophoresis followed by Coomasie Blue staining was performed. In
Figure 4C (on the left, blue) it is shown that a broad spectrum of proteins was detected in
CHo-MSCs lysates and that each fraction showed a characteristic size distribution profile
in the range of 2 to 250 kDa by 20, 50 and 100 µg of total proteins in lysates. Notably, in
Figure 4C (on the right, grey) Western Blot analysis indicated that MSC-associated proteins,
such as CD44 (band size at 80 kDa) and CD105 (band size at 105 kDa) were also detected in
CHo-MSCs lysates.

Obtained data confirmed that the isolated CHo-MSCs in this study consistently ful-
filled the criteria defined for MSCs [13,46] and that these cells can be used in our next
experiment, which is focused on the isolation and characterization of sEVs. CHo-MSCs
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were expanded for seven passages with no significant changes in their phenotype charac-
teristics. Therefore, we decided to use CHo-MSCs from P4 for sEVs isolation.

2.2. Isolation and Characterization of sEVs

Recent studies have reported various technical standardized tools and methods for
the consistent isolation of high-yield and high-purity EVs [52] which could be used for
further research of their composition, function and mechanism of action. EVs can be
specifically isolated from a broad spectrum of cellular debris, interfering components
and human samples. Frequently used methods for the isolation of EVs involve, among
others, density gradient ultracentrifugation, differential ultracentrifugation, ultrafiltration,
precipitation, size exclusion chromatography, immunoaffinity isolation and field-flow
fractionation [53]. Each procedure has its advantages and disadvantages and may be
exchanged, supplemented or combined with each other according to the sample source
and intended use of EVs. It is apparent that EVs isolated from biofluids are characterized
by a mixed cellular origin. Therefore, we decided to analyze sEVs obtained from a single
cell type by collecting MSCs-conditioned medium (MSCs-CM) from cultured CHo-MSCs.
MSCs-CM was concentrated using Ultracel® 3 kDa Ultrafiltration Discs. During the
procedure, gas pressure was applied directly to the Amicon® Stired Cell. It is known that
a solution larger than the membrane´s pore size is retained in the cell, while water and
samples smaller than the pore size pass through the membrane into the filtrate.

In this work, five times concentrated MSCs-CM (retentate solution) was used for sEVs
isolation by the precipitation method using ExoQuick reagent. The main objective of the
precipitation method is to capture EVs by incubating with polymers which enable the
acquirement of EVs at low speeds of centrifugation in combination with polymers [54].
This method is convenient, technically accessible, not time consuming and does not require
a large sample ”starting“ volume. Serrano-Pertierra et al. indicated that precipitation
reagents were more effective and resulted in larger numbers of EVs factors in comparison
with ultracentrifugation [55]. Coughlan et al. also detected that the precipitation method
for exosomes’ isolation was six times faster and led to the production of a 2.5-fold higher
concentration of exosomes when compared with ultracentrifugation [56]. Accordingly,
compared to other studies, when conditioned medium [57], plasma [58] or serum [57,59]
have been used as a source of EVs, similar particle size and concentrations were shown for
ExoQuick precipitation.

In order to characterize and identify isolated sEVs, we used multiple approaches
according to the ISEV [60]. To identify whether isolated EVs included mostly sEVs or a
mixture of different EV types, several methods for their characterization were performed.
The number and the size distribution of sEVs in prepared samples were evaluated by
NTA, which is based on the measurement of Brownian motion of particles. Information
about particles in solution is determined by capturing the tracks of particles that have
scattered light upon illumination with a laser, calculating diffusion coefficients from the
tracks, and subsequently calculating sphere-equivalent hydrodynamic radii from diffu-
sion coefficients using the Stokes-Einstein equation [61]. Size distribution profiles were
averaged within each sample (n = 4) across the video replicates, following the average
across samples, to provide representative size distribution profiles. Particles in our samples
were typically polydisperse, with a size distribution ranging from 50 to 400 nm in diame-
ter. NTA showed that the majority of isolated EVs had a similar size of 169.2 ± 11.6 nm.
Regarding the concentration of isolated samples, particle concentration was evaluated as
1.19 ± 0.88 × 109 particles/mL (Figure 5A). In general, it is accepted that the size of EVs
with endocytic origin (commonly known as sEVs or exosomes) is typically in the range of
~30–150 nm in diameter [33,35]. Since 47.4% of all isolated particles were in the typical sEVs
size range, our results indicate that our samples, isolated from concentrated MSCs-CM, are
rich in sEVs.
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Figure 5. (A) Particle size distribution and percentage in various size ranges; (B) Representative capture of the corresponding
video of isolated sEVs from concentrated MSCs-CM obtained by NTA (n = 4). The captured area of the microscopic image
was 80 × 100 µm while the focal depth was approximately 20 µm.

Exosomes are also defined based on their protein content, confirming their endosomal
origin. Composition of exosomes includes proteins participating in membrane transport,
fusion (e.g., annexins, flotillin, GTPases) and in multivesicular bodies’ biogenesis (e.g.,
ALIX, TSG101), as well as that of heat shock proteins (HSP70, HSP90) and also integrins
and tetraspanins (CD9, CD63, CD81 and CD82) [62–64]. Tetraspanin proteins such as
CD9, CD63 and CD81 with exposed domains, are especially enriched in the exosomal
membrane and are considered as specific biomarkers of exosomes [65]. sEVs isolated
from MSCs-CM were characterized using the commercial multiplex bead-based analysis
(MACSPlex Exosome Kit) by flow cytometry. This platform allows for the detection of
37 exosomal surface epitopes and two isotype controls. In our study, typical exosomal
markers (CD9, CD63 and CD81) and markers of the cell origin (CD29, CD44 and CD105)
were detected. Isolated sEVs also expressed CD146 and MCSP (pericyte markers), but were
negative for others’ epitopes. The highest expression was observed for the markers CD63
and CD81 (Figure 6). Furthermore, the quantification of sEVs isolated from MSCs-CM with
ExoELISA-ULTRA showed that sEVs’ abundance in CD63 and CD81 was 1.51 ± 0.14 × 1010

and 5.92 ± 0.41 × 109, respectively. Double sandwich ELISA confirmed the presence of
CD9 at 1.01 ± 0.05 × 106 (Table 1). The detection of all three exosomal markers in our
samples confirmed the presence of sEVs, which is in accordance with the results of Damania
et al. They characterized exosomes in a fractionated MSCs-CM secretome based on the
presence of endosomal membrane markers CD9 (by sandwich ELISA), CD63 (by flow
cytometry) and CD81 (by Western Blot) [66]. Likewise, Garcia-Contreras et al. detected the
presence of plasma-derived exosomes with a surface expression of CD9, CD63 and CD81
via flow analysis [67].

Table 1. Detection of MSCs-CM-derived sEVs abundance.

Assay Detection sEVs Abundance

ELISA
CD9 1.01 ± 0.05 × 106

CD63 1.51 ± 0.14 × 1010

CD81 5.92 ± 0.41 × 109
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Figure 6. Phenotype of isolated MSCs-CM-derived sEVs by MACSPlex analysis. Data were normalized to mean
CD9/CD63/CD81 and displayed in MACSPlex analysis of sEVs (n = 4) ± SD.

2.3. Cellular Uptake of sEVs

The ability of exosomes to transpose composition from donor to target cells belongs
to the interesting approaches used for cell-to-cell communication, with which not only
physiological but also pathological signals are exchanged, mostly via transfer of bioactive
proteins, lipids, RNAs and miRNAs [68]. The biologically active cargo of exosomes is
able to alter gene expression and modulate the activity, function and composition of
target cells [69]. Internalization of exosomes into the cells is considered to be one of the
mechanisms of cargo delivery to recipient cells and, as such, affects their fate [70,71],
however, the precise mechanism of these proceedings is not well understood and is still
under examination. Currently it is known that exosomal content is connected to the
therapeutic effect of MSCs-derived exosomes, most evident in the repair and regeneration
of injured tissue during the osteoarthritic process (OA) [72,73]. Specifically, exosomes
derived from different types of MSCs can protect the OA joint from damage by supporting
cartilage repair, inhibiting synovitis and mediating subchondral bone remodeling, as well as
have been demonstrated to regulate cartilage regeneration and to attenuate OA progression
in certain models [27,72,74–77]. Therefore, three types of cells isolated from tissues mostly
associated with OA were selected in this work in order to determine the uptake of MSCs-
CM-derived sEVs by these recipient cells. Isolated sEVs were labeled with ExoGlow
MembraneTM labeling dye and co-cultured with OA-associated synovial fibroblasts (SF),
periosteum-derived MSCs (Po-MSCs) and osteoblasts in vitro. As it is shown in Figure 7,
sEVs (red fluorescence) were internalized and accumulated into cytoplasm and around the
nuclei of all types of treated cells after 24 h incubation when compared with control (cells
treated with PBS without sEVs). Results confirmed that sEVs isolated from CHo-MSCs
could be taken up by all tested cell types, suggesting their direct interaction and potential
relevance in cell-to-cell communication in the sEVs-based treatment of OA. However,
for deeper understanding of the mechanism of sEVs uptake and their subsequent cargo
delivery into the cytosol, further investigations are needed. From the existing evidence
and obtained findings we can conclude that sEVs might be a promising tool for treatment
strategies which exclude cells.
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3. Materials and Methods
3.1. Tissue Collection and Isolation of Cells

Tissue harvesting and isolation of human cells was in accordance with ethical approval
of the Louis Pasteur University Hospital in Kosice, Slovakia and realized after obtaining
informed consent.

Placentas from healthy donor mothers (n = 4) were collected after cesarean sections.
Before the placental tissue was separated, the fresh placenta was preserved in transport
medium (DMEM (Sigma Aldrich, Steinheim, Germany) with 80 µg/mL gentamicin (Sigma
Aldrich, Steinheim, Germany). Part of the chorion (10 × 10 cm) was dissected manually
and washed intensively in PBS containing 100 IU penicillin/mL, 100 µg streptomycin/mL
and 0.25 µg amphotericin B/mL (1% (v/v) antibiotic/antimycotic solution) (Sigma Aldrich,
Steinheim, Germany) to remove red blood cells. Subsequently, the chorion was cut into
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small pieces (1.5 × 1.5 cm) and treated for 20 min with 2.4 U/mL dispase I solution (Gibco,
Bleiswijk, The Netherlands) in DMEM containing 1% (v/v) antibiotic/antimycotic solution
(Sigma Aldrich, Steinheim, Germany) at 37 ◦C. After incubation, the tissue sample was
properly vortexed and then washed in DMEM and centrifuged at 300× g for 15 min.
Then, chorion fragments were digested with 1.0 mg/mL collagenase type II at 37 ◦C
for 2 h. Digested chorion fragments were washed again with DMEM, centrifuged at
300× g for 15 min and passed through a 40 µm cell strainer (BD Falcon™, Biosciences,
New Jersey, USA). The cell suspension was washed two times with DMEM and cells
were collected by centrifugation at 300× g for 15 min. The obtained chorionic (CHo)
cells were cultured in a complete cultivation medium, α-MEM (Sigma Aldrich, Steinheim,
Germany), supplemented with 10% FBS (Gibco, Bleiswijk, The Netherlands), 1% (v/v)
antibiotic/antimycotic solution and 1% L-glutamine (Sigma Aldrich, Steinheim, Germany).
CHo-MSCs were maintained in 75-cm2 culture flasks (Sarstedt AG & Co., Nümbrecht,
Germany) at 37 ◦C, 95% humidity and in a 5% CO2 atmosphere. Non-attached cells were
removed after three to five days of incubation. The cultivation medium was changed twice
a week. When the cells reached 80% confluence, they were detached from the flask by 0.05%
Trypsin-EDTA solution (Gibco, Bleiswijk, The Netherlands) for 2 min at 37 ◦C and seeded
at a density of 2 × 103 cells/cm2 (first passage). The number and viability of cells were
assessed by a TC10™ Automated Cell Counter (Bio-Rad Laboratories, Hercules, CA, USA).
The cells were expanded for 7 passages. Expression of surface biomarkers was monitored
after every passage by flow cytometry. The cells were also seeded onto a 6-well plate in
order to stain actin microfilaments and nuclei with phalloidin and DAPI, respectively.

Human synovium, periosteum and cancellous bone were obtained from donors who
had undergone total knee replacement surgery due to osteoarthritis of the knee joint. SF
and Po-MSCs were isolated by enzymatic digestion of the appropriate tissue [9]. Os-
teoblasts were isolated from cancellous bone [78]. Digested cells were filtered through a
40 µm cell strainer (BD Falcon™, Biosciences, New Jersey, USA) and the remaining tissues
were discarded. Nucleated cells were plated on culture flasks (Sarstedt AG & Co., Nüm-
brecht Germany) and cultured in complete cultivation medium, α-MEM (Sigma Aldrich,
Steinheim, Germany) supplemented with 10% FBS (Gibco, Bleiswijk, The Netherlands),
1% (v/v) antibiotic/antimycotic solution and 1% L-glutamine (Sigma Aldrich, Steinheim,
Germany). Cells from passage 2 were used in further experiments.

3.2. In Vitro Differentiation

The potential of CHo-MSCs to differentiate into chondrogenic, osteogenic and adi-
pogenic lineages was examined using the following procedures. Cells at a density of 1 × 105

were seeded into each well of a 24 well tissue culture plate for differentiation. When the
cells reached 60–80% confluence, an appropriate induction differentiation kit (StemPro
Differentiation Kit; Gibco, Bleiswijk, The Netherlands) was used for differentiating the
cells, according to the manufacturer’s instructions. After 2–3 weeks, cells were stained
with Alizarin Red S (Sigma Aldrich, Steinheim, Germany) to detect calcium deposits and
Alcian Blue (Merck, Kenilworth, NJ, USA) for evaluating chondrogenic differentiation.
Oil Red O (Sigma Aldrich, Steinheim, Germany) staining was used for the evaluation of
intracellular lipid accumulation. For the control group, 1 × 105 cells were cultured with
common culture media (α-MEM, 10% FBS, 1% ATB) without differentiation agents, and
the same procedure of staining was performed.

3.3. Phenotypic Characterization of CHo-MSCs

Flow cytometry analysis of the expression of cell surface markers were performed
on CHo-MSCs at passage P0–P7. The cells were harvested and centrifuged at 300× g
for 10 min and washed with 1 × PBS containing 2% FBS. A minimum of 2 × 105 cells
were incubated with either fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)- or
allophycocyanin (APC)-conjugated antibodies: CD14, CD29, CD34, CD44, CD45, CD54,
CD73, CD-90, CD105, HLA-DR, and SSEA4 for 10 min in the dark, and were then washed
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and centrifuged at 300× g for 10 min. The resuspended cell pellets were analyzed with a
Becton Dickinson FACSCalibur using CellQuestPro software (Becton Dickinson).

3.4. Proliferation Assay in Real Time

For monitoring of the proliferation of CHo-MSCs in real time, the xCELLigence®

RTCA SP system was used. The procedure was carried out as previously described in our
in vitro study [79]. Briefly, cells were seeded in a 96 well microtiter E-Plate® (3000 cells per
well) and the impedance value of each well was automatically monitored every hour and
expressed as the cell index (CI) during 5 days. Proliferation curves and doubling time were
analyzed by RTCA software.

3.5. Preparation of Protein Lysate from Cell Culture

When CHo-MSCs reached 80% confluence, the cultivation medium was discarded,
and cells were washed with ice-cold PBS. Next, ice-cold lysis RIPA buffer was added, and
cells were scraped using a cold plastic cell scraper and collected into pre-cooled microfuge
tubes. The samples were agitated for 30 min at 4 ◦C and then centrifuged at 16,000× g for
20 min. Acquired supernatant was collected into fresh tubes on ice and stored at −80 ◦C
before experiments.

3.6. Western Blot Analysis

Equal protein amount of each sample was mixed with 4× Laemmli-buffer in a ratio of
4:1 and boiled for 5 min at 95 ◦C. Samples were then separated on 4–10% SDS-Page gels
and transferred to nitrocellulose membrane (Bio-Rad Laboratories, Hercules, CA, USA).
The membrane was blocked in 5% skimmed milk (Sigma Aldrich, Steinheim, Germany)
in TBS-Tween for 1 h at RT. The membrane, loaded with CHo-MSCs, was incubated with
rabbit monoclonal anti-CD105 and anti-CD44 (Abcam, Germany), overnight at 4 ◦C with
gentle rolling. Secondary antibody, goat anti-rabbit IgG H&L HRP-conjugated (Abcam,
Germany), was used at 1:1000 for 1 h incubation at 4 ◦C with gentle rolling. Blots were
shortly submerged into 3,3′,5,5′-Tetramethylbenzidine (TMB) substrate and immediately
visualized by using the GelDoc EZ Imager (Bio-Rad Laboratories, Hercules, CA, USA).

3.7. Preparation of CHo-MSCs Conditioned Medium

When CHo-MSCs reached 80% confluence, the cells were washed with sterile PBS
and the complete cultivation medium was replaced by DMEM without Phenol Red (Sigma
Aldrich, Steinheim, Germany). The cell culture medium was collected after an additional
24 h incubation, centrifuged at 300× g for 10 min and subsequently filtered through a
0.22 µm filter. The collected medium was defined as MSCs-conditioned medium (MSCs-
CM). CM was then concentrated 5 times using Amicon® Stirred Cells with Ultracel®

3 kDa Ultrafiltration Discs (Merck Life Science, USA) and aliquots were stored at −80 ◦C
before use.

3.8. Isolation of sEVs

sEVs were isolated from 5 times concentrated MSCs-CM after the preliminary removal
of cellular debris and large vesicles by centrifugation (3000× g for 15 min) with the Exo-
some Precipitation Kit (System Biosciences, Palo Alto, Canada), in accordance with the
manufacturer’s recommendations. Briefly, prepared MSCs-CM was mixed with precipi-
tation solution ExoQuick-TC (10 mL of MSCs-CM/2 mL of ExoQuickTC) and incubated
overnight at 4 ◦C. After incubation, ExoQuick-TC/MSCs-CM mixtures were centrifuged at
1500× g for 30 min. Precipitated sEVs were diluted into sterile PBS and stored at −20 ◦C
before the following experiments.

3.9. Assessment of Total Protein Content

The total protein concentrations from the CHo-MSCs and isolated sEVs were evaluated
by a Rapid Gold bicinchoninic acid (BCA) assay kit (Thermo Scientific, Waltham, USA),
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in accordance with the manufacturer’s recommendations, and analyzed on a multimode
reader (TRISTAR, Berthold Technologies). The global protein content was analyzed by
SDS-Page, followed by Coomassie Blue staining.

3.10. Multiplex Bead-Based Flow Cytometry Analysis of the sEVs

Isolated sEVs were characterized by flow cytometry using the MACSPlex Exosome Kit
(Miltenyi Biotec, Bergisch Gladbach, Germany), which was developed for the simultaneous
detection of 37 surface epitopes (CD1c, CD2, CD3, CD4, CD8, CD9, CD11c, CD14, CD19,
CD20, CD24, CD25, CD29, CD31, CD40, CD41b, CD42a, CD44, CD45, CD49e, CD56, CD62P,
CD63, CD69, CD81, CD86, CD105, CD133, CD142, CD146, CD209, CD326, HLA-ABC, HLA-
DRDPDQ, MCSP, ROR1 and SSEA-4) that are known to be present on different exosomes
and two isotype control beads. Isolated sEVs were incubated with MACSPlex Exosome
Capture Beads overnight in the dark on an orbital shaker (450 rpm) at RT. After incubation,
sEVs were washed with MACSPlex buffer (MPB) and centrifuged at 3000× g for 5 min.
Next, samples were incubated with APC-conjugated detection antibodies for 1 h at RT in
the dark on an orbital shaker (450 rpm). After washing, the APC signal intensity in each
39 specific bead populations was measured on a Becton Dickinson FACSCalibur using
CellQuestPro software (Becton Dickinson). Median fluorescence intensities (MFI) for all
the capture beads were corrected for background signal by subtracting the MFI values of
each bead obtained from control sample (buffer only) from the MFI values of the respective
beads incubated with sample. The measured MFI inside each gate of a separate bead
population was normalized to the mean tetraspanin CD9/CD63/CD81 MFI values, in
order to determine the relative levels of a surface marker. Results are listed as the average
of 4 measurements ± SD.

3.11. Nanoparticle Tracking Analysis

Concentrations and size distributions of isolated sEVs were analyzed by Nanoparticle
Tracking Analysis (NTA) on an LM10B Nanoparticle Characterization System from Nano
Sight (Amesbury, U.K.), with a trinocular microscope and LM12 viewing unit containing a
60 mW laser working at λ = 405 nm. Samples were diluted 10 times in PBS (final volume of
1 mL) to obtain a particle concentration suitable for NTA measurements (between 1 × 107

and 1 × 109/mL) and were then analyzed. The vesicles moving under Brownian motion
act as point scatters when illuminated with a laser beam. The light scattered by the vesicles
is then captured using a video camera. Analysis of the video file allows one to track the
motion of each vesicle in two dimensions on a frame-by-frame basis. The mean square
displacement of the vesicles obtained from the analysis of the captured video is then used
to calculate their diffusion coefficients and sphere-equivalent hydrodynamic radii via
the Stokes-Einstein equation. Results are displayed as a number-weighted particle size
distribution. Video sequences were recorded via a CCD camera operating at 30 frames per
second (fps) and evaluated through the NANOSIGHT NTA 3.4 Analytical Software Suite.
For each sample, five videos were recorded. The durations of the video sequences were
selected based on the particle concentration in a specific sample.

3.12. Quantitation of sEVs Abundance Using ELISA Assays

ExoELISA-ULTRA (System Biosciences, Palo Alto, Canada) CD63 and CD81 kits
and an ExoTEST (HansaBiomed, Tallinn, Estonia) double sandwich ELISA assay for CD9
were used to quantify the sEVs’ abundance in prepared samples, in accordance with the
manufacturer’s recommendations. The absorbances were recorded at 450 nm by using a
TriStar LB941 spectrophotometric plate reader (Berthold, Germany). Briefly, for ExoELISA-
ULTRA: 50 µL of freshly prepared protein standards or sEV samples were added to a 96
well plate and incubated at 37 ◦C for 1 h by gentle shaking, followed by the adding of
primary antibody (diluted in blocking buffer in ratios of 1:1000 and 1:100 for CD81 and
CD63, respectively) and secondary antibody (1:5000 in blocking buffer) to each well for
the next 1 h incubation at RT. Finally, super-sensitive TMB ELISA substrate was added to



Int. J. Mol. Sci. 2021, 22, 13581 13 of 17

samples, the reaction was stopped with stop buffer and the absorbance was measured. For
ExoTEST: 100 µL of prepared sEV samples were incubated on an immunoplate pre-coated
with proprietary pan-exosome antibodies overnight at 37 ◦C in a humid chamber, followed
by adding primary monoclonal biotin-conjugated anti-human CD9 antibody (1:500 in 1×
sample buffer) and secondary streptavidin-HRP-conjugated antibody (1:5000 in 1× sample
buffer). The reaction was developed with substrate chromogenic solution, blocked with
stop solution and the absorbance was measured.

3.13. sEVs Uptake by Different Cells

Cells, which were isolated from three different tissues derived from osteoarthritis (OA)
patients (SF, Po-MSCs and osteoblasts), were treated with labeled sEVs in PBS or with PBS
without sEVs (control group) for 24 h. sEVs were labeled with SBI´s ExoGlow MembraneTM

EV Labeling Kit (System Biosciences, Palo Alto, Canada). It is the latest generation of
fluorescent labeling reagent to robustly and specifically label the EV membranes. Briefly,
isolated sEVs were added into the labeling reaction buffer, which consisted of reaction
buffer and labeling dye, and incubated for 30 min at RT in the dark. For removing free
unlabeled dye, the Exosome Spin Columns (MW 3000) (Invitrogen) were used. Potential
sEV uptake by different cells was analyzed with a fluorescence microscope Nicon Eclipse
Ti (Japan) directly after 24 h of incubation with labeled sEVs.

4. Conclusions

sEVs/exosomes, as important cell-to-cell communication factors, have shown power-
ful potential in the treatment of various diseases. Nonetheless, from pre-clinical studies of
sEVs/exosomes therapy to the clinical application there are still many critical problems
to be solved, including precise sEVs/exosome isolation protocols, their characterization,
underlying mechanisms of action and diagnostic/therapeutic application. Our study
showed the successful preparation and characterization of sEVs released by CHo-MSCs.
Firstly, the criteria for MSCs isolated from the chorion of human full-term placenta were
confirmed—they were able to differentiate into three lineages (chondrogenic, osteogenic
and adipogenic differentiation); expressed multiple markers of MSCs and were plastic ad-
herent. Directly, sEVs were isolated from the CM of CHo-MSCs by the precipitation method
using ExoQuick. sEVs were confirmed in terms of their size and protein components. NTA
analysis showed that 47.4% of isolated particles were in the typical sEVs/exosome range
(30–150 nm). The presence of exosomal markers CD9, CD63 and CD81 in the samples was
confirmed by flow cytometry and ELISA tests. Furthermore, the obtained results in this
study also demonstrated that sEVs and their content can be uptaken by different types
of cells isolated from tissues associated with OA (SF, osteoblasts and Po-derived MSCs)
suggesting their perspective role in the treatment of osteoarthritis. Even though sEVs have
a strong therapeutic potential, experiments based on the use of sEVs are still in their initial
phase and further studies for better understanding how exosomal cargo can contribute to
their biological activity need to be clarified before their future usage.
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