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Abstract: Therapies utilizing autologous mesenchymal cell delivery are being investigated as anti-
inflammatory and regenerative treatments for a broad spectrum of age-related diseases, as well as var-
ious chronic and acute pathological conditions. Easily available allogeneic full-term human placenta
mesenchymal stromal cells (pMSCs) were used as a potential pro-regenerative, cell-based therapy in
degenerative diseases, which could be applied also to elderly individuals. To explore the potential of
allogeneic pMSCs transplantation for pro-regenerative applications, such cells were isolated from
five different term-placentas, obtained from the dissected maternal, endometrial (mpMSCs), and fetal
chorion tissues (fpMSCs), respectively. The proliferation rate of the cells in the culture, as well as
their shape, in vitro differentiation potential, and the expression of mesenchymal lineage and stem
cell markers, were investigated. Moreover, we studied the expression of immune checkpoint antigen
CD276 as a possible modulation of the rejection of transplanted non-HLA-matched homologous or
even xeno-transplanted pMSCs. The expression of the cell surface markers was also explored in
parallel in the cryosections of the relevant intact placenta tissue samples. The expansion of pMSCs in a
clinical-grade medium complemented with 5% human platelet lysate and 5% human serum induced a
significant expression of CD276 when compared to mpMSCs expanded in a commercial medium. We
suggest that the expansion of mpMSCs, especially in a medium containing platelet lysate, elevated the
expression of the immune-regulatory cell surface marker CD276. This may contribute to the immune
tolerance towards allogeneic pMSC transplantations in clinical situations and even in xenogenic
animal models of human diseases. The endurance of the injected comparably young human-term pM-
SCs may promote prolonged effects in clinical applications employing non-HLA-matched allogeneic
cell therapy for various degenerative disorders, especially in aged adults.

Keywords: maternal and fetal placenta mesenchymal stromal cells; immune checkpoint antigen;
CD276; B7-H3; cell therapy

1. Introduction

Therapies based on mesenchymal stromal cells (MSCs) have been widely tested and
employed in numerous preclinical studies and clinical applications [1–10]. The main source
of MSCs has been bone marrow aspirates, where a small fraction of bone marrow-derived
MSCs (bmMSCs) can be isolated, separated from the hematopoietic progenitors, and further
expanded in cell cultures [3,11]. The expression of CD73 (5′-ectonucleotidase), cell surface
molecule CD90 (Thy-1), and CD105 (Endoglin, involved in TGF-β-signaling) were defined
as consensus-positive cell surface markers for bmMSCs [12,13]. These antigens are also
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present in various other types of MSCs, including adipose tissue-derived (atMSCs) [14,15]
and placenta-derived (pMSCs) cells [10,16–22]. MSCs have often been called “stem cells”
because of their differentiation capabilities. However, in practice, their impact in many
cases has been observed to be indirect, rather than serving as the primary building blocks
for differentiated tissues [4,10,21,23,24]. A drawback in bmMSC-based therapies could
be associated with undesired complications, such as spontaneous heterotopic mineraliza-
tion [25,26]. The promising results observed following different bmMSC transplantations,
however, were also found to have a limited yield and availability, instigating the search for
similar and easily available cells in other tissues and organs [14,27–32].

Autologous cells are the preferred choice for cell-based therapies as they reduce the
risks of their fast rejection and in the prevention of disease transmission [33–37]. The
primary potential drawback in using autologous cells for pro-regenerative treatments in
aged individuals is their anticipated sub-optimal expansion efficacy and lower regenerative
effectiveness compared to cells derived from younger individuals [38–40]. This seems to be
in line with the observations of the better pro-regenerative activity of MSCs from young
donors compared to MSCs from aged ones [41], which is also manifested in the secretion of
factors associated with wound healing and neo-vascularization [42].

In the attempt to isolate autologous MSCs for cell therapies, different techniques for
cell enrichment have been examined [43–45]. Moreover, different cell sources have been
investigated. A commonly tested alternative for bmMSCs was atMSCs [14]. However, a
major drawback of MSCs isolated from senior patients for autologous therapies may be
the relative senescence of such cells, likely reducing their regenerative effectiveness upon
implantation [38,39,46,47]. Overall, MSCs are tolerated comparably well following even
allogeneic or xenogeneic transplantation due to their low expression of HLA class I and
HLA-DR antigens [12,23,48].

Human placenta tissues may be an easily available source for the fast and simple
isolation of young, HLA-low, and regeneration-competent MSCs [22,49–55]. Despite their
allogeneic or xenogeneic origin, these cells were shown to induce a very significant indirect
pro-regenerative effect following their transplantation, as has been demonstrated in clinical
studies and numerous preclinical animal models [21,22,55–60]. The mpMSCs can be iso-
lated in very high numbers from the well-vascularized placenta tissue of relatively young
mothers. The fpMSCs are even younger cells of the embryo, and their average telomeres
were shown to be, apparently, rather long [61], which may allow the expansion of minor
cell subsets in vitro with numerous cell passages before reaching replicative senescence [18].
The pMSCs seem to maintain their stable phenotype and, therefore, are much less prone to
spontaneous osteogenic differentiation compared to bmMSCs [17–19,26].

Elevated expression of immune-checkpoint cell surface antigen CD276 on tumor cells
has been reported to be associated with poor prognosis, suggesting the suppression of
anti-tumor immune responses of host T lymphocytes towards the CD276-bearing tumor
cells [62–65]. Wharton’s jelly-derived MSCs (wjMSCs), which are assumed to have a similar
phenotype to fpMSCs, were also shown to express CD276 in situ and in vitro [54,66]. Based
on these observations, it is expected that the low expression of HLA class I and II molecules,
in conjunction with the increased expression of the immune checkpoint antigen CD276
on pMSCs, may potentially downregulate allogeneic T-lymphocyte responses, potentially
leading to a delayed, reduced, or even a complete lack of rejection [53,54,67]. Based on
preclinical studies that showed minimal apparent adverse rejection effects, pMSCs were
approved for allogeneic cell therapy studies [23,53,68,69]. We suggest that the expression of
CD276 on pMSCs could account for the improved tolerance to allogeneic and xenogeneic
implanted pMSCs when compared to MSCs from other sources.

In the current study, we further explored the regulation of CD276 expression on pMSCs
grown in a defined clinical-grade, GMP-compliant medium incorporating human plasma
and platelet lysate in an attempt to explain why pMSCs are well tolerated upon homologous
application in non-HLA-matched recipients and even upon injection in xenogenic animals
serving as cell therapy models.
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2. Results
2.1. Expression of Typical MSC Markers in the Endometrial and Fetal Parts of the Placenta

We investigated the expression of the typical mesenchymal antigens in the cryosections
of human-term placenta tissue samples from which pMSCs were isolated for this study.
CD73, CD90, and CD105 expressions were observed in the fetal part of the chorion plate
tissues, as well as in the villous-rich endometrial tissue of the placenta (online supplement
figures (Figures S1–S3)). In some areas, the CD73 was clearly detected on placenta syncy-
tiotrophoblasts, which could not serve as a cell source for isolation and further expansion
(Figure S1). The proteoglycan NG2, a marker for MSC-like pericytes [70] (Figure S4), and
the adhesion molecule CD146 [18,20,26] were detected in cells from both maternal and fetal
placenta tissues (Figure S5). In some samples, NG2 was rather low in the fetal part of the
placenta, while a prominent expression was seen in the corresponding tissue samples of the
maternal tissues from the same placenta. In other placentas, a prominent NG2 expression
was observed in both the fetal and maternal placental tissues (Figure S4). The expression of
CD146 was inconsistent within the samples investigated. In one of the placental samples, a
robust expression of CD146 was seen only in the chorionic villi of the maternal placenta
and not in the fetal side; meanwhile, in another sample, it was low in both parts. In other
samples, a dispersed expression was seen in the fetal placenta, and a prominent expression
of CD146 was observed in the intervillous space of the maternal placenta (Figure S5). By
contrast, the expression of immune-checkpoint antigen CD276 (alias B7-H3) [54] was noted
in all samples investigated (Figure 1).
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Figure 1. Detection of CD276 in human-term placenta. Cryosections were generated from the fetal 
part (A,B) and maternal part of the placenta (C,D). The cyosections were stained using an anti-
CD276 antibody followed by a Cy-3-labelled detection antibody (A,C), or using a detection antibody 
only (B,D). Samples were counterstained using DAPI to visualize the nuclei. All micrographs were 
taken with a 20× objective. CD276-positive cells were detected in both the fetal and the maternal 
tissue samples taken from the term placenta. 

2.2. Expansion and Differentiation of pMSCs Derived from Maternal and Fetal Part of 
Term Placentas 

Mesenchymal stromal cells were isolated from tissues dissected from the fetal-only 
and maternal-only parts of five human-term placentas and expanded as separate 
populations in either CME medium or GMP medium. All pMSC populations examined 
exhibited a characteristic fibroblast-like morphology (Figure 2). The pMSCs were 
characterized as mesenchymal stromal cells by the expression of typical cell surface 
markers (Figures S6–S9) [12,16]. The number of fpMSCs expanded in the CME medium 
during the early passages was relatively low compared to the other three populations 
(Figure 2A–D). The fpMSCs that expanded in the CME medium from the primary culture 
over three consecutive passages proliferated significantly slower compared to mpMSCs 
in the CME medium (p < 0.047) and much slower than fpMSCs in the GMP medium (p ≈ 
0.063; Figure 2E). Contrary to our findings with fpMSCs and mpMSCs in the GMP 
medium, there were no notable variations in the proliferation rates of mpMSCs cultured 
in the CME medium compared to mpMSCs expanded in the GMP medium (Figure 2E).  

Figure 1. Detection of CD276 in human-term placenta. Cryosections were generated from the fetal
part (A,B) and maternal part of the placenta (C,D). The cyosections were stained using an anti-CD276
antibody followed by a Cy-3-labelled detection antibody (A,C), or using a detection antibody only
(B,D). Samples were counterstained using DAPI to visualize the nuclei. All micrographs were taken
with a 20× objective. CD276-positive cells were detected in both the fetal and the maternal tissue
samples taken from the term placenta.
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2.2. Expansion and Differentiation of pMSCs Derived from Maternal and Fetal Part of
Term Placentas

Mesenchymal stromal cells were isolated from tissues dissected from the fetal-only and
maternal-only parts of five human-term placentas and expanded as separate populations in
either CME medium or GMP medium. All pMSC populations examined exhibited a charac-
teristic fibroblast-like morphology (Figure 2). The pMSCs were characterized as mesenchy-
mal stromal cells by the expression of typical cell surface markers (Figures S6–S9) [12,16].
The number of fpMSCs expanded in the CME medium during the early passages was
relatively low compared to the other three populations (Figure 2A–D). The fpMSCs that
expanded in the CME medium from the primary culture over three consecutive passages
proliferated significantly slower compared to mpMSCs in the CME medium (p < 0.047) and
much slower than fpMSCs in the GMP medium (p ≈ 0.063; Figure 2E). Contrary to our
findings with fpMSCs and mpMSCs in the GMP medium, there were no notable variations
in the proliferation rates of mpMSCs cultured in the CME medium compared to mpMSCs
expanded in the GMP medium (Figure 2E).

The pMSCs are of relatively stable cell phenotypes and were therefore not expected
to differentiate or to trans-differentiate to other phenotypes as reported from multipotent
bmMSCs. However, to comply with the MSC inclusion criteria mentioned above [12], the
ability of fpMSCs and mpMSCs to undergo adipogenic and osteogenic differentiation,
when expanded in the CME medium or GMP medium, respectively, was evaluated. The
phenotype of the adipocytes was determined by staining their intracellular lipid vesicles
with Oil Red O (Figure 3). Unlike bmMSCs, the induced osteogenic differentiation of
pMSCs was lower [17–19,26] (Figure 4). Morphological changes, such as flat-stretched cells
and a minor calcification of the extracellular matrix were observed in cells expanded in the
CME medium (Figure 4A,C). However, both the fpMSCs and mpMSCs that expanded in
the GMP medium showed little or almost no in vitro osteogenesis (Figure 4B,D). Table 1
presents an overview of the evaluation of the in vitro differentiation of pMSCs. This verifies
the stability of these cells, with only minimal potential for the induction of differentiation.
The behavior of the pMSCs as adult differentiated mesenchymal cells with limited differ-
entiation potential was also confirmed by a very low expression of the typical stem cell
marker Sushi-contining-domain-2 (SUSD2) in both pMSC populations tested (Figure 5).

Table 1. Overview of differentiation efficacies of pMSCs depending on the expansion media. The
pMSCs from fetal and maternal zones were expanded in either CME or GMP media to their second
passage of the in vitro culture. Adipogenic or osteogenic differentiation was induced. Cell incubation
in starvation media served as a control. The overall differentiation efficacy is indicated by an arbitrary
scale using “+” for weak to “+++++” for very strong, while the failure of differentiation is disclosed
by “ø”.

Cells Medium Oil Red O Adipogenesis Von Kossa Osteogenesis

fpMSCs CME 2/3 weak + 2/3 weak +

1/3 medium +++ 1/3 medium ++

fpMSCs GMP 1/5 weak + 1/weak +

3/5 medium +++ 3/5 little ++

1/5 strong ++++ 1/5 medium +++

mpMSCs CME 1/5 weak + 2/5 weak +

4/5 medium +++ 3/5 medium +++

mpMSCs GMP 1/5 weak + ø ø

3/5 medium +++ ø ø

1/5 very strong +++++ ø ø
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Figure 2. Expansion of pMSCs in vitro in different media. Placenta-derived MSCs in their first 
passage of in vitro culture derived from tissue samples from the fetal (A,B) and maternal parts (C,D) 
of the same placenta were expanded ex vivo in CME media (A,C) or GMP media (B,D). The pMSCs 
grow adherent as fibroblast-like cells. The size bars indicate 100 µm (A–D). The cell proliferation 
was enumerated over three consecutive passages (E). A significant difference was noted between 
the fpMSCs and mpMSCs expanded in CME media (solid line). A trend of the accelerated 
proliferation of mpMSCs in the CME media, compared to the slower proliferation of fpMSCs in the 
GMP media, was noted (dashed line). 

The pMSCs are of relatively stable cell phenotypes and were therefore not expected to 
differentiate or to trans-differentiate to other phenotypes as reported from multipotent 
bmMSCs. However, to comply with the MSC inclusion criteria mentioned above [12], the 

Figure 2. Expansion of pMSCs in vitro in different media. Placenta-derived MSCs in their first passage
of in vitro culture derived from tissue samples from the fetal (A,B) and maternal parts (C,D) of the
same placenta were expanded ex vivo in CME media (A,C) or GMP media (B,D). The pMSCs grow
adherent as fibroblast-like cells. The size bars indicate 100 µm (A–D). The cell proliferation was
enumerated over three consecutive passages (E). A significant difference was noted between the
fpMSCs and mpMSCs expanded in CME media (solid line). A trend of the accelerated proliferation
of mpMSCs in the CME media, compared to the slower proliferation of fpMSCs in the GMP media,
was noted (dashed line).



Int. J. Mol. Sci. 2023, 24, 16422 6 of 18
Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 20 
 

 

 

 
Figure 3. Adipogenic differentiation of pMSCs in vitro. The pMSCs from the fetal part (A–B*) and 
the maternal part (C–D*) from the same placenta were expanded in either CME (A,A*,C,C*) or GMP 
(B,B*,D,D*) media, and adipogenic differentiation was induced for three weeks (A–D). pMSCs 
expanded in starvation medium served as controls (A*–D*). Adipogenesis was determined by 
staining the lipophilic vesicles in the cells with Oil Red O. Lipid vesicles were found in all of these 
cell populations following induction of adipogenesis, confirming the differentiation capacity in 
fpMSCs and mpMSCs expanded in both CME and GMP media. Size bars indicate 100 µm. 

Figure 3. Adipogenic differentiation of pMSCs in vitro. The pMSCs from the fetal part (A–B*) and
the maternal part (C–D*) from the same placenta were expanded in either CME (A,A*,C,C*) or
GMP (B,B*,D,D*) media, and adipogenic differentiation was induced for three weeks (A–D). pMSCs
expanded in starvation medium served as controls (A*–D*). Adipogenesis was determined by
staining the lipophilic vesicles in the cells with Oil Red O. Lipid vesicles were found in all of these cell
populations following induction of adipogenesis, confirming the differentiation capacity in fpMSCs
and mpMSCs expanded in both CME and GMP media. Size bars indicate 100 µm.
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Figure 4. Osteogenic differentiation of pMSCs in vitro. The pMSCs from the fetal part (A–B*) and 
the maternal part (C–D*) from the same placenta were expanded in either CME (A,A*,C,C*) or GMP 
(B,B*,D,D*) media. Osteogenic differentiation was induced for three weeks (A–D). pMSCs 
expanded in a starvation medium and served as negative controls (A*–D*). Progress of osteogenesis 
was determined by staining the mineralized matrix components with von Kossa staining. The 
cultures expanded in CME medium prior to osteogenic differentiation appear somewhat darker 
(A,C) when compared to the cultures expanded in GMP medium (B,D). Nevertheless, areas of a 
mineralized extracellular matrix of the cultures were not detected in any of the cell populations 
investigated, confirming that osteogenic differentiation is not expected to be a prominent process in 
pMSC cultures. Size bars indicate 100 µm. 

Figure 4. Osteogenic differentiation of pMSCs in vitro. The pMSCs from the fetal part (A–B*) and
the maternal part (C–D*) from the same placenta were expanded in either CME (A,A*,C,C*) or GMP
(B,B*,D,D*) media. Osteogenic differentiation was induced for three weeks (A–D). pMSCs expanded
in a starvation medium and served as negative controls (A*–D*). Progress of osteogenesis was
determined by staining the mineralized matrix components with von Kossa staining. The cultures
expanded in CME medium prior to osteogenic differentiation appear somewhat darker (A,C) when
compared to the cultures expanded in GMP medium (B,D). Nevertheless, areas of a mineralized
extracellular matrix of the cultures were not detected in any of the cell populations investigated,
confirming that osteogenic differentiation is not expected to be a prominent process in pMSC cultures.
Size bars indicate 100 µm.
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Figure 5. Analysis of expression of cell surface markers on pMSCs using FC. The fpMSCs and 
mpMSCs were expanded in both GMP or CME medium to the second passage of in vitro culture as 
indicated in each diagram (X-axis). The expression of the positive MSCS markers CD73, CD90, 
CD105, the exclusion markers CD14, CD34, CD45, the osteogenic marker CD146, the immune 
checkpoint antigen CD276, and the MSC stem cell marker SUSD2 were assayed using FC. The mean 
MFI ± S.D. from analyses of pMSCs from individual placentas is presented on the Y-axis in each 
diagram. The pMSCs expressed the marker proteins in typical patterns. Significant regulation of 

Figure 5. Analysis of expression of cell surface markers on pMSCs using FC. The fpMSCs and
mpMSCs were expanded in both GMP or CME medium to the second passage of in vitro culture as
indicated in each diagram (X-axis). The expression of the positive MSCS markers CD73, CD90, CD105,
the exclusion markers CD14, CD34, CD45, the osteogenic marker CD146, the immune checkpoint
antigen CD276, and the MSC stem cell marker SUSD2 were assayed using FC. The mean MFI ± S.D.
from analyses of pMSCs from individual placentas is presented on the Y-axis in each diagram. The
pMSCs expressed the marker proteins in typical patterns. Significant regulation of CD90 (p < 0.007),
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CD146 (p < 0.05), and CD276 (p < 0.01 and 0.007, respectively) were noted as indicated. As fpMSCs
proliferated slowly in CME medium, a statistical evaluation of cells from at least 3 individual donors
was impossible with such cells. However, an example of a complete set of analyses, obtained using
FC, is presented in Figures S6–S9. Note the difference in MFI scales for CD14, CD34, and CD45
adopted to disclose even minor changes in staining intensities.

2.3. Expression of Cell Surface Antigens on pMSCs Expanded in CME Versus GMP Medium

The expression of cell surface markers was investigated in early passage pMSCs using
FC (Figure 5, Figures S6–S9). The fpMSCs expanded in the CME medium expressed the
typical consensus MSC surface markers CD73, CD90, and CD105 [12,48], with no expression
of the hematopoietic antigens CD14, CD34, and CD45 (Figure S6). Most fpMSCs expressed
high levels of both CD146 and CD276, while some also expressed SUSD2 at low to moderate
levels (Figure S6). The fpMSCs from the same placenta expanded in the GMP medium
had similar expression profiles (Figure S7). However, the expressions of CD105, CD146,
and SUSD2 on fpMSCs, grown in the GMP medium, were lower. Moreover, some cells
expressed somewhat more CD14 compared to the same population expanded in CME media
(Figure S7). Both fpMSCs and mpMSCs isolated from the same placenta and expanded in
the CME medium exhibited nearly identical antigen expression profiles (Figures S6 and S8).
Similarly, both fpMSCs and mpMSCs from the same placenta expanded in the GMP
medium and had similar antigen expression profiles (Figures S7 and S9). Overall, the
expression of CD73 was prominent in all populations investigated, while the expression
of CD105 was found to be lower (Figure 5). Similarly, a robust expression of CD90 was
found in the above three sets of cell populations (Figure 5). A low expression of typical
hematopoietic CD34 and CD45 was recorded in the pMSCs expanded in cells expanded
in CME and GMP media. By contrast, the CME medium induced a significant difference
in the expression of CD90 in mpMSCs (p < 0.007) compared to mpMSCs cultured in the
GMP medium. The GMP medium elevated the expression of CD14 in fpMSCs compared
to mpMSCs in the same medium (p < 0.05, Figure 5); however, the mean MFI of the
expression of CD14 was clearly below the levels observed for the positive markers CD73
and CD90. The expression of CD146 was significantly lower in fpMSCs expanded in the
CME medium (p < 0.05, Figure 5). The expression of the immune checkpoint antigen CD276
was significantly higher in mpMSCs in the GMP medium compared to the same population
expanded in the CME medium (p < 0.001) and to fpMSCs expanded in the GMP medium
(p < 0.01; Figure 5). Moreover, the histograms of SUSD2-stained cells appeared wider with
higher MFI peak signal intensities in fpMSCs and mpMSCs expanded in the CME medium
compared to the same cells expanded in the GMP medium (Figures S6–S9). However,
significant differences were not observed in the transcription levels.

We further investigated whether the significant changes in the CD146 and CD276
expressions recorded using FC were derived from changes in the regulation of the gene
expression of these markers (Figure 6). Significant transcript levels encoding CD146 were
found in both mpMSCs expanded in the GMP medium (p < 0.05) and CME medium
(p < 0.001) compared to fpMSCs in the GMP medium (Figure 6A). This corroborated the
FC results (Figure 5) and suggests the need to regulate CD146 expression on the transcript
level. A different effect was recorded for CD276 transcript expression wherein mpMSCs
(p < 0.04) and fpMSCs in the GMP medium (p < 0.02) expressed significantly higher CD276
expression compared to mpMSCs in the CME medium (Figure 6B). These accumulated
data suggest that factors in the GMP medium significantly increased the expression of
CD276 on the surface of mpMSCs. This effect seemed to be regulated, at least in part, by
the steady-state transcription levels in these cells.
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Figure 6. Analysis of expression of cell surface markers on pMSCs using RT-qPCR. Cells from the 
maternal and fetal parts of the human-term placenta were expanded in a GMP or CME medium to the 
second passage of in vitro culture as indicated in the diagram. RNA was extracted, cDNA generated, 
and the transcripts encoding CD146 (A) and CD276 (B) were enumerated in each population and 
normalized to GAPDH and PPIAγ as housekeeping genes. The normalized gene expression index ± 
standard deviations is shown on the Y-axis, and the cell types and culture conditions are shown on the 
X-axis. Transcripts encoding the osteogenic marker CD146 are significantly lower in fpMSCs 
expanded in the GMP medium compared to mpMSCs in the same medium (p < 0.05) or mpMSCs in 
the CME medium (p < 0.001; A). Expression of CD276 is significantly elevated in mpMSCs (p < 0.04) 
and fpMSCs in the GMP medium (p < 0.02) compared to fpMSCs in the CME medium (B). 

3. Discussion 
Numerous studies have provided evidence that MSCs isolated from various tissues 

have rather low rejection rates and, therefore, can be utilized as allogeneic implants for 
relatively prolonged periods with the modulation of immune responses to exert their 
indirect pro-regenerative effect for an extended period before their clearance [33,49,51,71–
73]. In this respect, both isolated fpMSCs and mpMSCs seem to be good candidates for 
allogeneic treatments with non-matched cells. Such tolerance seems to be mainly 
attributed to a low expression of HLA class II antigens [49,72,74] and a high expression of 
indoleamine 2,3-dioxygenase 1 [75]. The reduced rejection rate could also be attributed to 
the lack of CD80 (B7-1) and CD86 (B7-2) expression, the co-stimulatory ligands required 
for an efficient co-activation of T-lymphocytes by interacting with the CD28 or CTLA-4 
receptors [76]. While HLA class II can be upregulated on MSCs by factors such as INFγ 
and TGF-β, CD80 and CD86 expression seemed to remain low upon proinflammatory 
stimulation [77]. Other costimulatory cell surface molecules include CD274 (PD-L1, B7-
H1) and CD276 (B7-H3), which are both expressed in bmMSCs [78–80], and these must be 
taken into account when considering the MSC-induced immune-regulatory effects. 

Figure 6. Analysis of expression of cell surface markers on pMSCs using RT-qPCR. Cells from the
maternal and fetal parts of the human-term placenta were expanded in a GMP or CME medium to
the second passage of in vitro culture as indicated in the diagram. RNA was extracted, cDNA gener-
ated, and the transcripts encoding CD146 (A) and CD276 (B) were enumerated in each population
and normalized to GAPDH and PPIAγ as housekeeping genes. The normalized gene expression
index ± standard deviations is shown on the Y-axis, and the cell types and culture conditions are
shown on the X-axis. Transcripts encoding the osteogenic marker CD146 are significantly lower
in fpMSCs expanded in the GMP medium compared to mpMSCs in the same medium (p < 0.05)
or mpMSCs in the CME medium (p < 0.001; (A)). Expression of CD276 is significantly elevated in
mpMSCs (p < 0.04) and fpMSCs in the GMP medium (p < 0.02) compared to fpMSCs in the CME
medium (B).

3. Discussion

Numerous studies have provided evidence that MSCs isolated from various tissues
have rather low rejection rates and, therefore, can be utilized as allogeneic implants for rel-
atively prolonged periods with the modulation of immune responses to exert their indirect
pro-regenerative effect for an extended period before their clearance [33,49,51,71–73]. In
this respect, both isolated fpMSCs and mpMSCs seem to be good candidates for allogeneic
treatments with non-matched cells. Such tolerance seems to be mainly attributed to a
low expression of HLA class II antigens [49,72,74] and a high expression of indoleamine
2,3-dioxygenase 1 [75]. The reduced rejection rate could also be attributed to the lack of
CD80 (B7-1) and CD86 (B7-2) expression, the co-stimulatory ligands required for an efficient
co-activation of T-lymphocytes by interacting with the CD28 or CTLA-4 receptors [76].
While HLA class II can be upregulated on MSCs by factors such as INFγ and TGF-β, CD80
and CD86 expression seemed to remain low upon proinflammatory stimulation [77]. Other
costimulatory cell surface molecules include CD274 (PD-L1, B7-H1) and CD276 (B7-H3),
which are both expressed in bmMSCs [78–80], and these must be taken into account when
considering the MSC-induced immune-regulatory effects.
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The expression of CD274 was reported to be higher in fetal placental wjMSCs than in
bmMSCs, with no significant dependence on the composition of the media employed for
cell expansions [81,82]. By contrast, the expression of CD276 was reported to be higher in
bmMSCs compared to wjMSCs. Nevertheless, no comparison of its expression in pMSCs
relative to other MSCs was given in the previous studies [81,82]. One could conclude, as we
suggest now, that MSCs inherit their immune modulatory capacities from a combination of
the very low expression of HLA class II, the low expression of costimulatory proteins CD80
and CD86, as well as the prominent expression of co-regulatory proteins CD274 and/or
CD276. In general, a significant expression of CD276 was determined in maternal and fetal
tissues of the human placenta, with the highest expression levels occurring in the pMSCs.
This may explain the higher immune tolerance of the mother towards the allogeneic fetus
that she carries [83].

The high expression of CD276 was found on transcript levels and on the cell surfaces
of pMSCs following their in vitro expansion in the GMP medium. More than 97% of all
pMSCs gated were found to be CD276-positive. The mean fluorescence intensities (MFI)
of CD276 on cells expanded in the CME medium ranged from 3520 to 3960, while, in the
GMP medium, the MFIs ranged from 4040 to 6250. The CD276 expression levels of pMSCs
seemed to be even higher than the expression of typical MSC marker antigens CD105 and
CD146 [26], and they were similar to the expression levels of the classical MSC markers
CD73 and CD90 [12]. We propose that the platelet lysate utilized in the preparation of the
GMP medium may enhance the expression of CD276.

Our preliminary data suggest that mpMSCs with similar transcript levels of CD276 to
fpMSC may present more efficiently on the cell surfaces. This suggests that the translation
of the CD276 protein and/or its transport to the cell surface may be regulated differently in
these distinct cells. Regulatory miRNAs may possibly take a role in this process; however,
further studies are needed to confirm this point. It should be considered that, due to the low
numbers of fpMSCs obtained in early passages in the CME cultures, the effect of the GMP
medium on the regulation of CD276 could not be investigated in detail. More dedicated
detailed studies should address this point.

The specific effects on the individual ligands and receptors in the GMP medium
are of interest. The expansion of pMSCs in the GMP medium did not induce a general
upregulation or downregulation on any cell surface molecule. While the expression of
CD90 was significantly higher in cells in the CME medium, the expression of CD73, CD105,
and SUSD2 was not affected by the alteration of the medium. The expression of CD146
in MSCs was associated with an efficient osteogenic differentiation, thereby promoting
undesired ectopic osteogenesis [18,19,26]. The significantly low expression of CD146 in
fpMSCs in combination with the low risk of osteogenic differentiation could, therefore,
represent a considerable advantage of these cells in different clinical applications. The
distinct regulation of the expression of CD90 and CD146 compared to CD276 in pMSCs in
the GMP medium emphasizes the significance of the use of adequate cell culture protocols
for achieving the desired cells’ phenotype to be used for preclinical and later clinical studies.

To obtain the maximal effect of pMSC-based treatments, we expect the cells to have
a stable prototype with minimal spontaneous and/or induced differentiation. Our study
confirms the rather low osteogenic differentiation potential of both pMSC subsets com-
pared to bmMSC [18,19]. SUSD2, which is downregulated by TGF-ß1, has been described
as a marker for differentiation competence and associated with the “stemness” of multi-
potent stem cells, such as bmMSCs [45]. Low SUSD2 was also associated with cellular
senescence [84]. Our data suggest a trend toward a lower expression of SUSD2 in pM-
SCs expanded in the GMP medium, which contains TGF-β1 contributed by the platelet
lysate [85]. This seems to contrast with the faster proliferation of cells cultured in the
GMP medium compared to the same cells in the CME medium. Further studies on cells
expanded to high passages should address this important issue which may be relevant for
the potential clinical applications of high numbers of pMSCs following their multi-passage
expansions [45]. The stable phenotype of the pMSCs with limited differentiation poten-
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tial (“stemness”) seems to render them proper candidates for allogeneic treatments, in
which they could exert their pro-regenerative effect without undesired differentiation. The
relatively slow proliferation rate of pMSCs in the CME medium makes their production
longer while increasing the risks of the contamination of the culture. Therefore, the rapid
expansion of CD276high in pMSCs in the GMP medium for only a few passages seems
preferable in the preparation of pMSC stocks to be used for clinical application [68].

The expression of the hematopoietic markers CD34 and CD45 was found to be low on
all pMSCs and was not significantly affected by the medium. Nevertheless, an expression
of CD14 was observed in fpMSCs expanded in the GMP medium using the monoclonal
antibody clone M5E2. This does not necessarily indicate the presence of monocytes in the
cultured fpMSCs. As typical monocytes are CD14pos, we expect them to become visible by
FC as a minor peak or a shoulder aside from the main peak of the fpMSCs. But this was not
observed. The positive CD14 staining, which was observed only on some batches of pMSCs,
may be caused by the cross-reactivity with a relevant epitope, as previously reported [86].
In the clinical applications of such cells, if this issue turns out to be critical, minor numbers
of cells expressing CD14, or of cells expressing a CD14 cross-reactive epitope, could be
removed by cell sorting.

The use of allogenic pMSCs could potentially become a clinical solution for MSC-
based cell therapy, especially in conditions in which autologous cells are either not readily
available in a timely manner or insufficient in numbers to address emergency situations,
such as strokes or heart attacks. This approach is especially relevant when the autologous
MSCs from elderly patients may yield less promising efficacies [38,40,68].

4. Materials and Methods
4.1. Collection of Tissues from the Human Placenta

The Ethics Committee of the University Hospital in Tubingen approved the use of
the donated human placenta with pre-signed mothers’ informed consent (file number
364/2018B02). Five placentae in pre-scheduled Caesarian deliveries from healthy mothers
and newborns were collected in sterile conditions in the operation room of the labor ward
of the University Hospital in Tubingen. The placentae were thoroughly washed in a
buffered physiological solution and were kept chilled for less than one hour before their
further processing.

4.2. Preparation of Cryosections of Placenta Tissue Samples for Immunofluorescence Analysis

Small tissue samples were cut from the intact fetal or maternal tissues of the placenta,
and cryosections were cut, (10 µm, Leica CM1860 UV, Leica Biosystems, Nußloch, Ger-
many), mounted on slides, air-dried, and blocked (10% pre-immune serum of species of
the detection antibody in PBS-Tween20, 30 min, 20 ◦C; online supplement Table S1 (Table
S1)). Then, the sections were washed twice (PBS) and incubated with the primary antibody
(Table S1) in a humidified box (60 min, 20 ◦C). Primary antibodies were washed off (3×,
20 ◦C, PBS-Tween20), and the relevant fluorescently labeled detection antibody was added
and further incubated (60 min, 20 ◦C, humidified dark box; Table S1). The specific detection
antibody was washed off and the slides were covered with a mounting solution containing
DAPI (Vectashield, BIOZOL, Eching, Germany) to visualize cell nuclei and covered with
coverslips. The sections were viewed and photographed using a fluorescence microscope
(Axiovert 200 M, 20× objective; Zeiss, Jena, Germany). The micrographs were recorded
and processed using proprietary software (Axiovision 4.8, Zeiss). Cryosections without
primary antibodies and incubation with detection reagent only served as controls.

4.3. Expansion of pMSCs Isolated from Maternal and Fetal Tissues of Full-Term Placentas

The pMSCs were isolated from term placental tissues as previously described [17–20].
For the isolation of fpMSCs from the fetal part, the amnion membrane was removed, and
the relevant tissue samples were dissected from the fetal-only tissue of the surface of the
chorion. The mpMSCs were isolated from maternal tissue samples from the endometrial
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third of the placenta. The tissue samples from both sources were washed twice (HBSS;
Sigma–Aldrich, Steinheim, Germany) and carefully minced into small fragments, rinsed,
and collected via centrifugation. The sediments were resuspended in a digestion solution
(750 U/mL collagenase (Sigma–Aldrich), 250 mg/mL Dispase II, (Roche, Basel, Switzerland)
in HBSS), and further incubated (60 min at 37 ◦C). The proteolysis was blocked using a
solution with 10% FCS, and the debris was removed through gradient centrifugation (Ficoll-
Paque cushion, 1.077 g/L, 800× g, 20 min, 20 ◦C) and filtered with a 70–100 µm cell mesh.
The interphase was collected and washed twice with PBS solution. For the expansion of
the cells and for further analyses, the fpMSCs and mpMSCs were resuspended in two
different expansion media. One medium was the clinical-grade, GMP-compliant expansion
medium (GMP medium: low glucose DMEM, 1000 IE heparin, 2 mM L-glutamine, 2%
penicillin-streptomycin, 1% amphotericin B, complemented with 5% pooled human plasma
and 5% pooled human platelet extract) [20]. The other was a commercial MSC expansion
medium (CME medium; MSCGM® plus BulletKit; Lonza, Washington, DC, USA). Cell
proliferation was enumerated according to the expansion of the cells for three consecutive
passages and cell counting was performed with the aid of a hematocytometer and trypan
dye exclusion; the duplication rate per day was enumerated.

4.4. Differentiation of pMSCs In Vitro

Induction of adipogenic and osteogenic differentiation was performed by incubating
the pMSCs in differentiation media for 3 weeks [17]. The adipogenic differentiation was in-
duced in a DMEM high-glucose medium complemented by 10% FBS, insulin, indomethacin,
3-isobutylxanthin, dexamethasone, Pen/Strep, and amphotericin-B. The adipogenic differ-
entiation was verified by staining the cells with Oil Red O. The osteogenic differentiation
was induced using an osteogenic medium consisting of a DMEM high-glucose medium,
10% FBS, dexamethasone, β-glycerophosphate, ascorbic acid with Pen/Strep, and am-
photericin B. The mineralization of the cell cultures and osteogenic differentiation were
visualized with von Kossa staining. As controls to all differentiation experiments, cells
were seeded in a GMP starvation medium, based on DMEM low-glucose medium, 0.1%
plasma, and 0.1% platelet extract, heparin, HEPEs, glutamine, and Pen/Strep.

4.5. Flow Cytometry (FC) Analyses of Cell Surface Markers on pMSCs

For FC analyses, pMSCs were cultured and expanded to the second passage in either
the CME or GMP medium. The cells were washed, harvested using mild proteolysis,
washed again with PBS, and counted. Then, 5 × 105 cells were incubated with the primary
antibodies (Table S2) diluted in PFEA buffer (PBS, 2% FCS, 2 mM EDTA, 0.01% sodium
azide, 4 ◦C) complemented by 5% pre-immune globulins (Gammunex, Grifols, 60 min, 4 ◦C
in the dark) [17]. The antibodies were washed off twice with PFEA buffer and the cells
were resuspended in 200 µL PFEA buffer, diluted with FACS-buffer (BD BioSciences, San
Jose, CA, USA), and analyzed using FC (LSR II, BD BioSciences) and proprietary software
(FACS Diva V6.1.3 and FloJo V10.7, BD BioSciences) according to the manufacturer’s
instructions [87]. For each experiment, compensation with unstained cells and with Comb
Beads (BD BioSciences) was performed. Dead cells and debris were excluded according
to supplier protocol by gating the cells for subsequent fluorescence analyses using the
forward scatter (FSC) and side scatter (SSC).

4.6. Determination of Steady-State Transcript Levels using PCR of cDNA Produced from mRNA

For the analysis of the gene expression reflected in the transcript levels, the pMSCs
were expanded to the second passage in either the CME or GMP medium, washed, and
detached from the culture flasks [17]. RNA was then extracted (RNeasy mini kit; Qiagen,
Venlo, The Netherlands), and cDNA was synthesized using reverse transcription (Prime-
Script 1st strand cDNA kit; TaKaRa, San Jose, CA, USA). For quantitative PCR analyses,
cDNA was mixed with a master mix (Roche) and specific primers (Table S3). The target
cDNAs were amplified (35 cycles: 94 ◦C 30′′, 60 ◦C 30′′, 72 ◦C 20′′), complemented by
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product extension (72 ◦C 300′′), and cooled to 4 ◦C (LightCycler480; Roche). GAPDH and
PPIAγ amplifications served as housekeeping controls in each experiment. In each run, the
expression of CD276 was normalized to the PCR products of GAPDH and PPIAγ with the
δδCt algorithm (Roche LC480 manual for real-time PCR (RT-qPCR) [88].

4.7. Statistics

A statistical evaluation of the significance of the experimental results was performed
using two-sided, unbiased t-tests along with the spreadsheet program Excel for Mac (Mi-
crosoft, V16.78.3; Redmond WA, USA), where p-values of <0.05 were considered significant.

5. Conclusions

The results of the current exploratory study indicate that the expression of the immune
checkpoint antigen CD276, alias B7-H3, is high in pMSCs expanded in the GMP-compliant
cell expansion medium. The elevated expression of CD276 may contribute to the very low
immunogenicity of pMSCs upon allogeneic application in the clinical studies reported [68]
by mitigating cytotoxic T-lymphocyte responses. It may also contribute to immune toler-
ance reported from the xenogeneic application of human pMSCs in animal models [23].
The immune tolerance towards human pMSCs injected in non-primate species facilitates
the functional studies of the regenerative potential of pMSC-based cell therapies in vari-
ous small and large animal models. Future studies will investigate if the application of
pMSCs supports a functional regeneration of the sphincter complex in a model of stress
urinary incontinence.
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reverse transcription of mRNA—quantitative polymerase chain
reaction

S.D. standard deviation
wjMSCs Wharton’s jelly-derived MSCs

References
1. Galderisi, U.; Peluso, G.; Di Bernardo, G. Clinical Trials Based on Mesenchymal Stromal Cells are Exponentially Increasing:

Where are We in Recent Years? Stem Cell Rev. Rep. 2022, 18, 23–36. [CrossRef]
2. Jovic, D.; Yu, Y.; Wang, D.; Wang, K.; Li, H.; Xu, F.; Liu, C.; Liu, J.; Luo, Y. A Brief Overview of Global Trends in MSC-Based Cell

Therapy. Stem Cell Rev. Rep. 2022, 18, 1525–1545. [CrossRef] [PubMed]
3. Caplan, A. Mesenchymal stem cells. J. Orthop. Res. 1991, 9, 641–650. [CrossRef] [PubMed]
4. Caplan, A.I.; Hariri, R. Body Management: Mesenchymal Stem Cells Control the Internal Regenerator. Stem Cells Transl. Med.

2015, 4, 695–701. [CrossRef] [PubMed]
5. Phinney, D.G.; Prockop, D.J. Concise Review: Mesenchymal Stem/Multipotent Stromal Cells: The State of Transdifferentiation

and Modes of Tissue Repair Current Views. Stem Cells 2007, 25, 2896–2902. [CrossRef]
6. Pittenger, M.F.; Martin, B.J. Mesenchymal stem cells and their potential as cardiac therapeutics. Circ. Res. 2004, 95, 9–20. [CrossRef]

[PubMed]
7. Poloni, A.; Rosini, V.; Mondini, E.; Maurizi, G.; Mancini, S.; Discepoli, G.; Biasio, S.; Battaglini, G.; Berardinelli, E.; Serrani, F.;

et al. Characterization and expansion of mesenchymal progenitor cells from first-trimester chorionic villi of human placenta.
Cytotherapy 2008, 10, 690–697. [CrossRef] [PubMed]

8. Majumdar, M.K.; Thiede, M.A.; Haynesworth, S.E.; Bruder, S.P.; Gerson, S.L. Human marrow-derived mesenchymal stem
cells (MSCs) express hematopoietic cytokines and support long-term hematopoiesis when differentiated toward stromal and
osteogenic lineages. J. Hematotherapy Stem Cell Res. 2000, 9, 841–848. [CrossRef]

9. Rivkin, R.; Ben-Ari, A.; Kassis, I.; Zangi, L.; Gaberman, E.; Levdansky, L.; Marx, G.; Gorodetsky, R. High-yield isolation, expansion,
and differentiation of murine bone marrow-derived mesenchymal stem cells using fibrin microbeads (FMB). Cloning Stem Cells
2007, 9, 157–175. [CrossRef]

10. Adani, B.; Basheer, M.; Hailu, A.L.; Fogel, T.; Israeli, E.; Volinsky, E.; Gorodetsky, R. Isolation and expansion of high yield of pure
mesenchymal stromal cells from fresh and cryopreserved placental tissues. Cryobiology 2019, 89, 100–103. [CrossRef]

11. Bruder, S.P.; Fink, D.J.; Caplan, A.I. Mesenchymal stem cells in bone development, bone repair, and skeletal regeneration therapy.
J. Cell. Biochem. 1994, 56, 283–294. [CrossRef] [PubMed]

12. Dominici, M.; Le Blanc, K.; Mueller, I.; Slaper-Cortenbach, I.; Marini, F.; Krause, D.; Deans, R.; Keating, A.; Prockop, D.; Horwitz,
E. Minimal criteria for defining multipotent mesenchymal stromal cells. The International Society for Cellular Therapy position
statement. Cytotherapy 2006, 8, 315–317. [CrossRef] [PubMed]

13. Buhring, H.J.; Battula, V.L.; Treml, S.; Schewe, B.; Kanz, L.; Vogel, W. Novel markers for the prospective isolation of human MSC.
Ann. N. Y. Acad. Sci. 2007, 1106, 262–271. [CrossRef] [PubMed]

14. Zuk, P.A.; Zhu, M.; Mizuno, H.; Huang, J.; Futrell, J.W.; Katz, A.J.; Benhaim, P.; Lorenz, H.P.; Hedrick, M.H. Multilineage Cells
from Human Adipose Tissue: Implications for Cell-Based Therapies. Tissue Eng. 2001, 7, 211–228. [CrossRef]

15. Bora, P.; Majumdar, A.S. Adipose tissue-derived stromal vascular fraction in regenerative medicine: A brief review on biology
and translation. Stem Cell Res. Ther. 2017, 8, 145. [CrossRef] [PubMed]

16. Caruso, M.; Evangelista, M.; Parolini, O. Human term placental cells: Phenotype, properties and new avenues in regenerative
medicine. Int. J. Mol. Cell. Med. 2012, 1, 64–74. [PubMed]

17. Pilz, G.A.; Ulrich, C.; Ruh, M.; Abele, H.; Schafer, R.; Kluba, T.; Buhring, H.J.; Rolauffs, B.; Aicher, W.K. Human term placenta-
derived mesenchymal stromal cells are less prone to osteogenic differentiation than bone marrow-derived mesenchymal stromal
cells. Stem Cells Dev. 2011, 20, 635–646. [CrossRef]

18. Ulrich, C.; Abruzzese, T.; Maerz, J.K.; Ruh, M.; Amend, B.; Benz, K.; Rolauffs, B.; Abele, H.; Hart, M.L.; Aicher, W.K. Human
Placenta-Derived CD146-Positive Mesenchymal Stromal Cells Display a Distinct Osteogenic Differentiation Potential. Stem Cells
Dev. 2015, 24, 1558–1569. [CrossRef]

19. Ulrich, C.; Rolauffs, B.; Abele, H.; Bonin, M.; Nieselt, K.; Hart, M.L.; Aicher, W.K. Low osteogenic differentiation potential of
placenta-derived mesenchymal stromal cells correlates with low expression of the transcription factors Runx2 and Twist2. Stem
Cells Dev. 2013, 22, 2859–2872. [CrossRef]

https://doi.org/10.1007/s12015-021-10231-w
https://doi.org/10.1007/s12015-022-10369-1
https://www.ncbi.nlm.nih.gov/pubmed/35344199
https://doi.org/10.1002/jor.1100090504
https://www.ncbi.nlm.nih.gov/pubmed/1870029
https://doi.org/10.5966/sctm.2014-0291
https://www.ncbi.nlm.nih.gov/pubmed/26019227
https://doi.org/10.1634/stemcells.2007-0637
https://doi.org/10.1161/01.RES.0000135902.99383.6f
https://www.ncbi.nlm.nih.gov/pubmed/15242981
https://doi.org/10.1080/14653240802419310
https://www.ncbi.nlm.nih.gov/pubmed/18985476
https://doi.org/10.1089/152581600750062264
https://doi.org/10.1089/clo.2006.0039
https://doi.org/10.1016/j.cryobiol.2019.05.010
https://doi.org/10.1002/jcb.240560303
https://www.ncbi.nlm.nih.gov/pubmed/7876320
https://doi.org/10.1080/14653240600855905
https://www.ncbi.nlm.nih.gov/pubmed/16923606
https://doi.org/10.1196/annals.1392.000
https://www.ncbi.nlm.nih.gov/pubmed/17395729
https://doi.org/10.1089/107632701300062859
https://doi.org/10.1186/s13287-017-0598-y
https://www.ncbi.nlm.nih.gov/pubmed/28619097
https://www.ncbi.nlm.nih.gov/pubmed/24551761
https://doi.org/10.1089/scd.2010.0308
https://doi.org/10.1089/scd.2014.0465
https://doi.org/10.1089/scd.2012.0693


Int. J. Mol. Sci. 2023, 24, 16422 16 of 18

20. Peissert, F.; Graf, H.D.E.; Muller, B.; Abruzzese, T.; Abele, H.; Aicher, W.K. Expression of CD146 and Regenerative Cytokines by
Human Placenta-Derived Mesenchymal Stromal Cells upon Expansion in Different GMP-Compliant Media. Stem Cells Int. 2021,
2021, 6662201. [CrossRef]

21. Gaberman, E.; Pinzur, L.; Levdansky, L.; Tsirlin, M.; Netzer, N.; Aberman, Z.; Gorodetsky, R. Mitigation of Lethal Radiation
Syndrome in Mice by Intramuscular Injection of 3D Cultured Adherent Human Placental Stromal Cells. PLoS ONE 2013, 8,
e66549. [CrossRef]

22. Pinzur, L.; Akyuez, L.; Levdansky, L.; Blumenfeld, M.; Volinsky, E.; Aberman, Z.; Reinke, P.; Ofir, R.; Volk, H.D.; Gorodetsky, R.
Rescue from lethal acute radiation syndrome (ARS) with severe weight loss by secretome of intramuscularly injected human
placental stromal cells. J. Cachexia Sarcopenia Muscle 2018, 9, 1079–1092. [CrossRef] [PubMed]

23. Gorodetsky, R.; Aicher, W.K. Allogenic Use of Human Placenta-Derived Stromal Cells as a Highly Active Subtype of Mesenchymal
Stromal Cells for Cell-Based Therapies. Int. J. Mol. Sci. 2021, 22, 5302. [CrossRef] [PubMed]

24. Caplan, A.I. Mesenchymal Stem Cells: Time to Change the Name! Stem Cells Transl. Med. 2017, 6, 1445–1451. [CrossRef]
25. Breitbach, M.; Bostani, T.; Roell, W.; Xia, Y.; Dewald, O.; Nygren, J.M.; Fries, J.W.; Tiemann, K.; Bohlen, H.; Hescheler, J.; et al.

Potential risks of bone marrow cell transplantation into infarcted hearts. Blood 2007, 110, 1362–1369. [CrossRef] [PubMed]
26. Sacchetti, B.; Funari, A.; Michienzi, S.; Di Cesare, S.; Piersanti, S.; Saggio, I.; Tagliafico, E.; Ferrari, S.; Robey, P.G.; Riminucci, M.;

et al. Self-renewing osteoprogenitors in bone marrow sinusoids can organize a hematopoietic microenvironment. Cell 2007, 131,
324–336. [CrossRef] [PubMed]

27. da Silva Meirelles, L.; Chagastelles, P.C.; Nardi, N.B. Mesenchymal stem cells reside in virtually all post-natal organs and tissues.
J. Cell Sci. 2006, 119, 2204–2213. [CrossRef]

28. in’t Anker, P.S.; Scherjon, S.A.; Kleijburg-van der Keur, C.; de Groot-Swings, G.M.J.S.; Claas, F.H.J.; Fibbe, W.E.; Kanhai, H.H.H.
Isolation of Mesenchymal Stem Cells of Fetal or Maternal Origin from Human Placenta. Stem Cells 2004, 22, 1338–1345. [CrossRef]

29. Hennrick, K.T.; Keeton, A.G.; Nanua, S.; Kijek, T.G.; Goldsmith, A.M.; Sajjan, U.S.; Bentley, J.K.; Lama, V.N.; Moore, B.B.;
Schumacher, R.E.; et al. Lung cells from neonates show a mesenchymal stem cell phenotype. Am. J. Respir. Crit. Care Med. 2007,
175, 1158–1164. [CrossRef]

30. Ra, J.C.; Shin, I.S.; Kim, S.H.; Kang, S.K.; Kang, B.C.; Lee, H.Y.; Kim, Y.J.; Jo, J.Y.; Yoon, E.J.; Choi, H.J.; et al. Safety of intravenous
infusion of human adipose tissue-derived mesenchymal stem cells in animals and humans. Stem Cells Dev. 2011, 20, 1297–1308.
[CrossRef]

31. Khan, W.S.; Adesida, A.B.; Tew, S.R.; Longo, U.G.; Hardingham, T.E. Fat pad-derived mesenchymal stem cells as a potential
source for cell-based adipose tissue repair strategies. Cell Prolif. 2012, 45, 111–120. [CrossRef] [PubMed]

32. Brooke, G.; Rossetti, T.; Pelekanos, R.; Ilic, N.; Murray, P.; Hancock, S.; Antonenas, V.; Huang, G.; Gottlieb, D.; Bradstock, K.;
et al. Manufacturing of human placenta-derived mesenchymal stem cells for clinical trials. Br. J. Haematol. 2009, 144, 571–579.
[CrossRef] [PubMed]

33. Li, C.; Zhao, H.; Cheng, L.; Wang, B. Allogeneic vs. autologous mesenchymal stem/stromal cells in their medication practice. Cell
Biosci. 2021, 11, 187. [CrossRef] [PubMed]

34. Al Jumah, M.A.; Abumaree, M.H. The Immunomodulatory and Neuroprotective Effects of Mesenchymal Stem Cells (MSCs) in
Experimental Autoimmune Encephalomyelitis (EAE): A Model of Multiple Sclerosis (MS). Int. J. Mol. Sci. 2012, 13, 9298–9331.
[CrossRef] [PubMed]

35. Avanzi, S.; Leoni, V.; Rotola, A.; Alviano, F.; Solimando, L.; Lanzoni, G.; Bonsi, L.; Di Luca, D.; Marchionni, C.; Alvisi, G.; et al.
Susceptibility of human placenta derived mesenchymal stromal/stem cells to human herpesviruses infection. PLoS ONE 2013, 8,
e71412. [CrossRef] [PubMed]

36. Castro-Manrreza, M.E.; Montesinos, J.J. Immunoregulation by mesenchymal stem cells: Biological aspects and clinical applications.
J. Immunol. Res. 2015, 2015, 394917. [CrossRef] [PubMed]

37. Haddad, R.; Saldanha-Araujo, F. Mechanisms of T-cell immunosuppression by mesenchymal stromal cells: What do we know so
far? BioMed Res. Int. 2014, 2014, 216806. [CrossRef]

38. Wagner, W.; Bork, S.; Horn, P.; Krunic, D.; Walenda, T.; Diehlmann, A.; Benes, V.; Blake, J.; Huber, F.X.; Eckstein, V.; et al. Aging
and replicative senescence have related effects on human stem and progenitor cells. PLoS ONE 2009, 4, e5846. [CrossRef]

39. Bork, S.; Pfister, S.; Witt, H.; Horn, P.; Korn, B.; Ho, A.D.; Wagner, W. DNA methylation pattern changes upon long-term culture
and aging of human mesenchymal stromal cells. Aging Cell 2010, 9, 54–63. [CrossRef]

40. Block, T.J.; Marinkovic, M.; Tran, O.N.; Gonzalez, A.O.; Marshall, A.; Dean, D.D.; Chen, X.-D. Restoring the quantity and quality
of elderly human mesenchymal stem cells for autologous cell-based therapies. Stem Cell Res. Ther. 2017, 8, 239. [CrossRef]

41. Shen, J.; Tsai, Y.-T.; DiMarco, N.M.; Long, M.A.; Sun, X.; Tang, L. Transplantation of mesenchymal stem cells from young donors
delays aging in mice. Sci. Rep. 2011, 1, 67. [CrossRef] [PubMed]

42. Siegel, G.; Kluba, T.; Hermanutz-Klein, U.; Bieback, K.; Northoff, H.; Schäfer, R. Phenotype, donor age and gender affect function
of human bone marrow-derived mesenchymal stromal cells. BMC Med. 2013, 11, 146. [CrossRef]

43. Battula, V.L.; Treml, S.; Bareiss, P.M.; Gieseke, F.; Roelofs, H.; de Zwart, P.; Muller, I.; Schewe, B.; Skutella, T.; Fibbe, W.E.; et al.
Isolation of functionally distinct mesenchymal stem cell subsets using antibodies against CD56, CD271, and mesenchymal stem
cell antigen-1. Haematologica 2009, 94, 173–184. [CrossRef] [PubMed]

44. Bühring, H.-J.; Treml, S.; Cerabona, F.; de Zwart, P.; Kanz, L.; Sobiesiak, M. Phenotypic Characterization of Distinct Human Bone
Marrow–Derived MSC Subsets. Ann. N. Y. Acad. Sci. 2009, 1176, 124–134. [CrossRef] [PubMed]

https://doi.org/10.1155/2021/6662201
https://doi.org/10.1371/journal.pone.0066549
https://doi.org/10.1002/jcsm.12342
https://www.ncbi.nlm.nih.gov/pubmed/30334381
https://doi.org/10.3390/ijms22105302
https://www.ncbi.nlm.nih.gov/pubmed/34069909
https://doi.org/10.1002/sctm.17-0051
https://doi.org/10.1182/blood-2006-12-063412
https://www.ncbi.nlm.nih.gov/pubmed/17483296
https://doi.org/10.1016/j.cell.2007.08.025
https://www.ncbi.nlm.nih.gov/pubmed/17956733
https://doi.org/10.1242/jcs.02932
https://doi.org/10.1634/stemcells.2004-0058
https://doi.org/10.1164/rccm.200607-941OC
https://doi.org/10.1089/scd.2010.0466
https://doi.org/10.1111/j.1365-2184.2011.00804.x
https://www.ncbi.nlm.nih.gov/pubmed/22260253
https://doi.org/10.1111/j.1365-2141.2008.07492.x
https://www.ncbi.nlm.nih.gov/pubmed/19077161
https://doi.org/10.1186/s13578-021-00698-y
https://www.ncbi.nlm.nih.gov/pubmed/34727974
https://doi.org/10.3390/ijms13079298
https://www.ncbi.nlm.nih.gov/pubmed/22942767
https://doi.org/10.1371/journal.pone.0071412
https://www.ncbi.nlm.nih.gov/pubmed/23940750
https://doi.org/10.1155/2015/394917
https://www.ncbi.nlm.nih.gov/pubmed/25961059
https://doi.org/10.1155/2014/216806
https://doi.org/10.1371/journal.pone.0005846
https://doi.org/10.1111/j.1474-9726.2009.00535.x
https://doi.org/10.1186/s13287-017-0688-x
https://doi.org/10.1038/srep00067
https://www.ncbi.nlm.nih.gov/pubmed/22355586
https://doi.org/10.1186/1741-7015-11-146
https://doi.org/10.3324/haematol.13740
https://www.ncbi.nlm.nih.gov/pubmed/19066333
https://doi.org/10.1111/j.1749-6632.2009.04564.x
https://www.ncbi.nlm.nih.gov/pubmed/19796240


Int. J. Mol. Sci. 2023, 24, 16422 17 of 18

45. Sivasubramaniyan, K.; Harichandan, A.; Schumann, S.; Sobiesiak, M.; Lengerke, C.; Maurer, A.; Kalbacher, H.; Buhring, H.J.
Prospective isolation of mesenchymal stem cells from human bone marrow using novel antibodies directed against Sushi domain
containing 2. Stem Cells Dev. 2013, 22, 1944–1954. [CrossRef]

46. Cheng, H.; Qiu, L.; Ma, J.; Zhang, H.; Cheng, M.; Li, W.; Zhao, X.; Liu, K. Replicative senescence of human bone marrow and
umbilical cord derived mesenchymal stem cells and their differentiation to adipocytes and osteoblasts. Mol. Biol. Rep. 2011, 38,
5161–5168. [CrossRef] [PubMed]

47. Charif, N.; Li, Y.Y.; Targa, L.; Zhang, L.; Ye, J.S.; Li, Y.P.; Stoltz, J.F.; Han, H.Z.; de Isla, N. Aging of bone marrow mesenchymal
stromal/stem cells: Implications on autologous regenerative medicine. Bio-Med. Mater. Eng. 2017, 28, S57–S63. [CrossRef]

48. Parolini, O.; Alviano, F.; Bagnara, G.P.; Bilic, G.; Bühring, H.J.; Evangelista, M.; Hennerbichler, S.; Liu, B.; Magatti, M.; Mao,
N.; et al. Concise review: Isolation and characterization of cells from human term placenta: Outcome of the first international
Workshop on Placenta Derived Stem Cells. Stem Cells 2008, 26, 300–311. [CrossRef]

49. Le Blanc, K.; Tammik, C.; Rosendahl, K.; Zetterberg, E.; Ringden, O. HLA expression and immunologic properties of differentiated
and undifferentiated mesenchymal stem cells. Exp. Hematol. 2003, 31, 890–896. [CrossRef]

50. Fazekasova, H.; Lechler, R.; Langford, K.; Lombardi, G. Placenta-derived MSCs are partially immunogenic and less immunomod-
ulatory than bone marrow-derived MSCs. J. Tissue Eng. Regen. Med. 2011, 5, 684–694. [CrossRef]

51. Vellasamy, S.; Sandrasaigaran, P.; Vidyadaran, S.; George, E.; Ramasamy, R. Isolation and characterisation of mesenchymal stem
cells derived from human placenta tissue. World J. Stem Cells 2012, 4, 53–61. [CrossRef] [PubMed]

52. Talwadekar, M.D.; Kale, V.P.; Limaye, L.S. Placenta-derived mesenchymal stem cells possess better immunoregulatory properties
compared to their cord-derived counterparts—A paired sample study. Sci. Rep. 2015, 5, 15784. [CrossRef] [PubMed]

53. Baygan, A.; Aronsson-Kurttila, W.; Moretti, G.; Tibert, B.; Dahllof, G.; Klingspor, L.; Gustafsson, B.; Khoein, B.; Moll, G.;
Hausmann, C.; et al. Safety and Side Effects of Using Placenta-Derived Decidual Stromal Cells for Graft-versus-Host Disease and
Hemorrhagic Cystitis. Front. Immunol. 2017, 8, 795. [CrossRef] [PubMed]

54. Corsello, T.; Amico, G.; Corrao, S.; Anzalone, R.; Timoneri, F.; Lo Iacono, M.; Russo, E.; Spatola, G.F.; Uzzo, M.L.; Giuffrè, M.;
et al. Wharton’s Jelly Mesenchymal Stromal Cells from Human Umbilical Cord: A Close-up on Immunomodulatory Molecules
Featured In Situ and In Vitro. Stem Cell Rev. Rep. 2019, 15, 900–918. [CrossRef]

55. Volinsky, E.; Lazmi-Hailu, A.; Cohen, N.; Adani, B.; Faroja, M.; Grunewald, M.; Gorodetsky, R. Alleviation of acute radiation-
induced bone marrow failure in mice with human fetal placental stromal cell therapy. Stem Cell Res. Ther. 2020, 11, 337. [CrossRef]
[PubMed]

56. Fukuchi, Y.; Nakajima, H.; Sugiyama, D.; Hirose, I.; Kitamura, T.; Tsuji, K. Human placenta-derived cells have mesenchymal
stem/progenitor cell potential. Stem Cells 2004, 22, 649–658. [CrossRef]

57. Zhang, Y.; Li, C.D.; Jiang, X.X.; Li, H.L.; Tang, P.H.; Mao, N. Comparison of mesenchymal stem cells from human placenta and
bone marrow. Chin. Med. J. 2004, 117, 882–887. [PubMed]

58. Kanematsu, D.; Shofuda, T.; Yamamoto, A.; Ban, C.; Ueda, T.; Yamasaki, M.; Kanemura, Y. Isolation and cellular properties of
mesenchymal cells derived from the decidua of human term placenta. Differ. Res. Biol. Divers. 2011, 82, 77–88. [CrossRef]

59. Kim, M.J.; Shin, K.S.; Jeon, J.H.; Lee, D.R.; Shim, S.H.; Kim, J.K.; Cha, D.H.; Yoon, T.K.; Kim, G.J. Human chorionic-plate-derived
mesenchymal stem cells and Wharton’s jelly-derived mesenchymal stem cells: A comparative analysis of their potential as
placenta-derived stem cells. Cell Tissue Res. 2011, 346, 53–64. [CrossRef]

60. Nazarov, I.; Lee, J.W.; Soupene, E.; Etemad, S.; Knapik, D.; Green, W.; Bashkirova, E.; Fang, X.; Matthay, M.A.; Kuypers, F.A.; et al.
Multipotent stromal stem cells from human placenta demonstrate high therapeutic potential. Stem Cells Transl. Med. 2012, 1,
359–372. [CrossRef]

61. Garcia-Martin, I.; Janssen, A.B.; Jones, R.E.; Grimstead, J.W.; Penketh, R.J.A.; Baird, D.M.; John, R.M. Telomere length heterogeneity
in placenta revealed with high-resolution telomere length analysis. Placenta 2017, 59, 61–68. [CrossRef] [PubMed]

62. Aicher, W.K.; Korn, M.; Reitnauer, L.; Maurer, F.B.; Hennenlotter, J.; Black, P.C.; Todenhofer, T.; Bedke, J.; Stenzl, A. Expression
patterns of the immune checkpoint ligand CD276 in urothelial carcinoma. BMC Urol. 2021, 21, 60. [CrossRef] [PubMed]

63. Wang, C.; Li, Y.; Jia, L.; Kim, J.K.; Li, J.; Deng, P.; Zhang, W.; Krebsbach, P.H.; Wang, C.Y. CD276 expression enables squamous cell
carcinoma stem cells to evade immune surveillance. Cell Stem Cell 2021, 28, 1597–1613.e7. [CrossRef] [PubMed]

64. Xiong, M.; Li, W.; Wang, L.; Chen, L.; Chen, Z.; Wei, C.; Zhang, F.; Chen, J.; Kazobinka, G.; Zhao, J.; et al. Comprehensive analysis
of alternative polyadenylation regulators concerning CD276 and immune infiltration in bladder cancer. BMC Cancer 2022, 22,
1026. [CrossRef] [PubMed]

65. Dai, L.; Guo, X.; Xing, Z.; Tao, Y.; Liang, W.; Shi, Z.; Hu, W.; Zhou, S.; Wang, X. Multi-omics analyses of CD276 in pan-cancer
reveals its clinical prognostic value in glioblastoma and other major cancer types. BMC Cancer 2023, 23, 102. [CrossRef] [PubMed]

66. La Rocca, G.; Lo Iacono, M.; Corsello, T.; Corrao, S.; Farina, F.; Anzalone, R. Human Wharton’s jelly mesenchymal stem cells
maintain the expression of key immunomodulatory molecules when subjected to osteogenic, adipogenic and chondrogenic
differentiation in vitro: New perspectives for cellular therapy. Curr. Stem Cell Res. Ther. 2013, 8, 100–113. [CrossRef] [PubMed]

67. Hofmeyer, K.A.; Ray, A.; Zang, X. The contrasting role of B7-H3. Proc. Natl. Acad. Sci. USA 2008, 105, 10277–10278. [CrossRef]
68. Winkler, T.; Perka, C.; von Roth, P.; Agres, A.N.; Plage, H.; Preininger, B.; Pumberger, M.; Geissler, S.; Hagai, E.L.; Ofir, R.; et al.

Immunomodulatory placental-expanded, mesenchymal stromal cells improve muscle function following hip arthroplasty. J.
Cachexia Sarcopenia Muscle 2018, 9, 880–897. [CrossRef]

https://doi.org/10.1089/scd.2012.0584
https://doi.org/10.1007/s11033-010-0665-2
https://www.ncbi.nlm.nih.gov/pubmed/21188535
https://doi.org/10.3233/BME-171624
https://doi.org/10.1634/stemcells.2007-0594
https://doi.org/10.1016/S0301-472X(03)00110-3
https://doi.org/10.1002/term.362
https://doi.org/10.4252/wjsc.v4.i6.53
https://www.ncbi.nlm.nih.gov/pubmed/22993662
https://doi.org/10.1038/srep15784
https://www.ncbi.nlm.nih.gov/pubmed/26507009
https://doi.org/10.3389/fimmu.2017.00795
https://www.ncbi.nlm.nih.gov/pubmed/28744284
https://doi.org/10.1007/s12015-019-09907-1
https://doi.org/10.1186/s13287-020-01850-0
https://www.ncbi.nlm.nih.gov/pubmed/32746939
https://doi.org/10.1634/stemcells.22-5-649
https://www.ncbi.nlm.nih.gov/pubmed/15198892
https://doi.org/10.1016/j.diff.2011.05.010
https://doi.org/10.1007/s00441-011-1249-8
https://doi.org/10.5966/sctm.2011-0021
https://doi.org/10.1016/j.placenta.2017.09.007
https://www.ncbi.nlm.nih.gov/pubmed/29108638
https://doi.org/10.1186/s12894-021-00829-0
https://www.ncbi.nlm.nih.gov/pubmed/33845814
https://doi.org/10.1016/j.stem.2021.04.011
https://www.ncbi.nlm.nih.gov/pubmed/33945793
https://doi.org/10.1186/s12885-022-10103-7
https://www.ncbi.nlm.nih.gov/pubmed/36175880
https://doi.org/10.1186/s12885-023-10575-1
https://www.ncbi.nlm.nih.gov/pubmed/36717836
https://doi.org/10.2174/1574888X11308010012
https://www.ncbi.nlm.nih.gov/pubmed/23317435
https://doi.org/10.1073/pnas.0805458105
https://doi.org/10.1002/jcsm.12316


Int. J. Mol. Sci. 2023, 24, 16422 18 of 18

69. Aghayan, H.R.; Salimian, F.; Abedini, A.; Fattah Ghazi, S.; Yunesian, M.; Alavi-Moghadam, S.; Makarem, J.; Majidzadeh, A.K.;
Hatamkhani, A.; Moghri, M.; et al. Human placenta-derived mesenchymal stem cells transplantation in patients with acute
respiratory distress syndrome (ARDS) caused by COVID-19 (phase I clinical trial): Safety profile assessment. Stem Cell Res. Ther.
2022, 13, 365. [CrossRef]

70. Stallcup, W.B. The NG2 Proteoglycan in Pericyte Biology. In Pericyte Biology–Novel Concepts; Birbrair, A., Ed.; Springer International
Publishing: Cham, Switzerland, 2018; pp. 5–19. [CrossRef]

71. Li, C.; Zhang, W.; Jiang, X.; Mao, N. Human-placenta-derived mesenchymal stem cells inhibit proliferation and function of
allogeneic immune cells. Cell Tissue Res. 2007, 330, 437–446. [CrossRef]

72. Consentius, C.; Akyuz, L.; Schmidt-Lucke, J.A.; Tschope, C.; Pinzur, L.; Ofir, R.; Reinke, P.; Volk, H.D.; Juelke, K. Mesenchymal
Stromal Cells Prevent Allostimulation In Vivo and Control Checkpoints of Th1 Priming: Migration of Human DC to Lymph
Nodes and NK Cell Activation. Stem Cells 2015, 33, 3087–3099. [CrossRef] [PubMed]

73. Ceruso, A.; Gonzalez-Pujana, A.; Igartua, M.; Santos-Vizcaino, E.; Hernandez, R.M. Latest advances to enhance the therapeutic
potential of mesenchymal stromal cells for the treatment of immune-mediated diseases. Drug Deliv. Transl. Res. 2021, 11, 498–514.
[CrossRef]

74. Chan, J.L.; Tang, K.C.; Patel, A.P.; Bonilla, L.M.; Pierobon, N.; Ponzio, N.M.; Rameshwar, P. Antigen-presenting property of
mesenchymal stem cells occurs during a narrow window at low levels of interferon-gamma. Blood 2006, 107, 4817–4824. [CrossRef]
[PubMed]

75. Opitz, C.A.; Litzenburger, U.M.; Lutz, C.; Lanz, T.V.; Tritschler, I.; Koppel, A.; Tolosa, E.; Hoberg, M.; Anderl, J.; Aicher, W.K.; et al.
Toll-like receptor engagement enhances the immunosuppressive properties of human bone marrow-derived mesenchymal stem
cells by inducing indoleamine-2,3-dioxygenase-1 via interferon-beta and protein kinase R. Stem Cells 2009, 27, 909–919. [CrossRef]
[PubMed]

76. Tse, W.T.; Pendleton, J.D.; Beyer, W.M.; Egalka, M.C.; Guinan, E.C. Suppression of allogeneic T-cell proliferation by human
marrow stromal cells: Implications in transplantation. Transplantation 2003, 75, 389–397. [CrossRef] [PubMed]

77. Najar, M.; Raicevic, G.; Kazan, H.F.; De Bruyn, C.; Bron, D.; Toungouz, M.; Lagneaux, L. Immune-Related Antigens, Surface
Molecules and Regulatory Factors in Human-Derived Mesenchymal Stromal Cells: The Expression and Impact of Inflammatory
Priming. Stem Cell Rev. Rep. 2012, 8, 1188–1198. [CrossRef] [PubMed]

78. Ghosh, C.; Luong, G.; Sun, Y. A snapshot of the PD-1/PD-L1 pathway. J. Cancer 2021, 12, 2735–2746. [CrossRef]
79. Chen, Y.; Guan, S.-Y.; Deng, J.; Yang, H.; Xu, W.; Xu, S.; Shao, M.; Gao, X.; Xu, S.; Shuai, Z.; et al. B7-H3: A promising therapeutic

target for autoimmune diseases. Cell. Immunol. 2020, 352, 104077. [CrossRef]
80. Yang, S.; Wei, W.; Zhao, Q. B7-H3, a checkpoint molecule, as a target for cancer immunotherapy. Int. J. Biol. Sci. 2020, 16,

1767–1773. [CrossRef]
81. Bárcia, R.N.; Santos, J.M.; Filipe, M.; Teixeira, M.; Martins, J.P.; Almeida, J.; Água-Doce, A.; Almeida, S.C.P.; Varela, A.; Pohl, S.;

et al. What Makes Umbilical Cord Tissue-Derived Mesenchymal Stromal Cells Superior Immunomodulators When Compared to
Bone Marrow Derived Mesenchymal Stromal Cells? Stem Cells Int. 2015, 2015, 583984. [CrossRef]

82. Cañas-Arboleda, M.; Beltrán, K.; Medina, C.; Camacho, B.; Salguero, G. Human Platelet Lysate Supports Efficient Expansion and
Stability of Wharton’s Jelly Mesenchymal Stromal Cells via Active Uptake and Release of Soluble Regenerative Factors. Int. J.
Mol. Sci. 2020, 21, 6284. [CrossRef] [PubMed]

83. Getu, A.A.; Tigabu, A.; Zhou, M.; Lu, J.; Fodstad, Ø.; Tan, M. New frontiers in immune checkpoint B7-H3 (CD276) research and
drug development. Mol. Cancer 2023, 22, 43. [CrossRef] [PubMed]

84. Zhang, S.; Zeng, N.; Alowayed, N.; Singh, Y.; Cheng, A.; Lang, F.; Salker, M.S. Downregulation of endometrial mesenchymal
marker SUSD2 causes cell senescence and cell death in endometrial carcinoma cells. PLoS ONE 2017, 12, e0183681. [CrossRef]
[PubMed]

85. Galliera, E.; Corsi, M.M.; Banfi, G. Platelet rich plasma therapy: Inflammatory molecules involved in tissue healing. J. Biol. Regul.
Homeost. Agents 2012, 26 (Suppl. S1), 35S–42S. [PubMed]

86. Pilz, G.A.; Braun, J.; Ulrich, C.; Felka, T.; Warstat, K.; Ruh, M.; Schewe, B.; Abele, H.; Larbi, A.; Aicher, W.K. Human mesenchymal
stromal cells express CD14 cross-reactive epitopes. Cytom. A 2011, 79, 635–645. [CrossRef] [PubMed]

87. Herzenberg, L.A.; Tung, J.; Moore, W.A.; Herzenberg, L.A.; Parks, D.R. Interpreting flow cytometry data: A guide for the
perplexed. Nat. Immunol. 2006, 7, 681–685. [CrossRef] [PubMed]

88. Pfaffl, M.W. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic Acids Res. 2001, 29, e45. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13287-022-02953-6
https://doi.org/10.1007/978-3-030-02601-1_2
https://doi.org/10.1007/s00441-007-0504-5
https://doi.org/10.1002/stem.2104
https://www.ncbi.nlm.nih.gov/pubmed/26184374
https://doi.org/10.1007/s13346-021-00934-5
https://doi.org/10.1182/blood-2006-01-0057
https://www.ncbi.nlm.nih.gov/pubmed/16493000
https://doi.org/10.1002/stem.7
https://www.ncbi.nlm.nih.gov/pubmed/19353519
https://doi.org/10.1097/01.TP.0000045055.63901.A9
https://www.ncbi.nlm.nih.gov/pubmed/12589164
https://doi.org/10.1007/s12015-012-9408-1
https://www.ncbi.nlm.nih.gov/pubmed/22983809
https://doi.org/10.7150/jca.57334
https://doi.org/10.1016/j.cellimm.2020.104077
https://doi.org/10.7150/ijbs.41105
https://doi.org/10.1155/2015/583984
https://doi.org/10.3390/ijms21176284
https://www.ncbi.nlm.nih.gov/pubmed/32877987
https://doi.org/10.1186/s12943-023-01751-9
https://www.ncbi.nlm.nih.gov/pubmed/36859240
https://doi.org/10.1371/journal.pone.0183681
https://www.ncbi.nlm.nih.gov/pubmed/28841682
https://www.ncbi.nlm.nih.gov/pubmed/23648197
https://doi.org/10.1002/cyto.a.21073
https://www.ncbi.nlm.nih.gov/pubmed/21735544
https://doi.org/10.1038/ni0706-681
https://www.ncbi.nlm.nih.gov/pubmed/16785881
https://doi.org/10.1093/nar/29.9.e45

	Introduction 
	Results 
	Expression of Typical MSC Markers in the Endometrial and Fetal Parts of the Placenta 
	Expansion and Differentiation of pMSCs Derived from Maternal and Fetal Part of Term Placentas 
	Expression of Cell Surface Antigens on pMSCs Expanded in CME Versus GMP Medium 

	Discussion 
	Materials and Methods 
	Collection of Tissues from the Human Placenta 
	Preparation of Cryosections of Placenta Tissue Samples for Immunofluorescence Analysis 
	Expansion of pMSCs Isolated from Maternal and Fetal Tissues of Full-Term Placentas 
	Differentiation of pMSCs In Vitro 
	Flow Cytometry (FC) Analyses of Cell Surface Markers on pMSCs 
	Determination of Steady-State Transcript Levels using PCR of cDNA Produced from mRNA 
	Statistics 

	Conclusions 
	References

