STEM CELLS AND DEVELOPMENT
Volume 23, Number 11, 2014

© Mary Ann Liebert, Inc.

DOI: 10.1089/scd.2013.0363

Human Mesenchymal Stromal Cells
from Adult and Neonatal Sources:
A Comparative In Vitro Analysis of Their
Immunosuppressive Properties Against T Cells

Marta E. Castro-Manrreza,"® Hector Mayani? Alberto Monroy-Garcia,* Eugenia Flores-Figueroa,®
Karina Chavez-Ruedap Victoria Legorreta-Haquet® Edelmiro Santiago-Osorio,” and Juan José Montesinos’

Bone marrow-mesenchymal stromal cells (BM-MSCs) have immunosuppressive properties and have been used
in cell therapies as immune regulators for the treatment of graft-versus-host disease. We have previously
characterized several biological properties of MSCs from placenta (PL) and umbilical cord blood (UCB), and
compared them to those of BM—the gold standard. In the present study, we have compared MSCs from BM,
UCB, and PL in terms of their immunosuppressive properties against lymphoid cell populations enriched for
CD3™" T cells. Our results confirm the immunosuppressive potential of BM-MSCs, and demonstrate that MSCs
from UCB and, to a lesser extent PL, also have immunosuppressive potential. In contrast to PL-MSCs, BM-
MSCs and UCB-MSCs significantly inhibited the proliferation of both CD4™ and CD8 " activated T cells in a
cell—cell contact-dependent manner. Such a reduced proliferation in cell cocultures correlated with upregulation
of programmed death ligand 1 on MSCs and cytotoxic T lymphocyte-associated Ag-4 (CTLA-4) on T cells,
and increased production of interferon-vy, interleukin-10, and prostaglandin E2. Importantly, and in contrast to
PL-MSCs, both BM-MSCs and UCB-MSCs favored the generation of T-cell subsets displaying a regulatory
phenotype CD4"CD25*CTLA-4". Our results indicate that, besides BM-MSCs, UCB-MSCs might be a potent
and reliable candidate for future therapeutic applications.

Introduction primarily through the production of immunosuppressive mol-

ecules and the generation of regulatory T cells (Tregs) [6-9].

MESENCHYMAL STROMAL CELLS (MSCs) comprise a het-
erogeneous population of multipotent progenitors that
possess four biological properties that make them special
candidates for cell therapy: a broad differentiation potential,
the capacity to produce and secrete factors that promote tissue
remodeling, low immunogenicity, and immunosuppressive
properties [1,2]. Regarding this last property, MSCs can in-
teract with both innate and adaptive immune cells and thus
exert profound effects on immune responses [3-5]; in par-
ticular, MSCs affect T-cell proliferation and differentiation

Several studies using peripheral blood mononuclear cells
(PBMC) have demonstrated MSCs involvement in T-cell
immunosuppression [4,5,8,10-12]. However, few studies
have been performed with enriched populations of CD3" T
cells [10,13,14]. This is important because CD4 " and CD8*
T cells are the major effector cells in immunological dis-
eases such as graft-versus-host disease (GVHD) [15], and
thus it is important to determine the immunosuppression
properties of MSCs on these populations and determine their
potential for cell therapies.
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Bone marrow (BM) is the main source of MSCs [15];
BM-MSCs have been used in cell therapy protocols to re-
duce GVHD [15,16]. However, BM presents some disad-
vantages, such as the difficulty in finding donors, the cost
and invasiveness of the collection procedure, and age-
related decreases in MSCs numbers [17]. Due to all of these
factors, it is important to obtain MSCs from sources other
than BM. Our research group has obtained MSCs from
umbilical cord blood (UCB) and placenta (PL); both of these
sources are easily accessible and pose no risk to the donor.
In a previous study, we showed that UCB-MSCs and PL-
MSCs have morphological and immunophenotypic proper-
ties in addition to adipogenic, osteogenic, and chondrogenic
differentiation capacities similar to those of BM-MSCs [18].
However, we do not know whether these alternatively
sourced cells have the same immunosuppressive potential as
BM-MSCs, and thus it is important to determine which of
them may be the best MSCs source for use in immuno-
suppressive cell therapy protocols.

MSCs have been suggested to affect T-cell proliferation
through both cell contact-dependent and independent
mechanisms. Programmed death ligand 1 (PD-L1) and
human leukocyte antigen-G1 (HLA-GI1) expression have
been linked to the cell contact-dependent mechanisms
[8,19-21], while transforming growth factor beta (TGE-),
hepatocyte growth factor, interleukin-10 (IL-10), indo-
leamine 2,3-dioxygenase (IDO), nitric oxide, prostaglandin
E2 (PGE,), and human leukocyte antigen-G5 (HLA-GS5)
have been identified as secreted factors [1,5,8]. Currently,
there is controversy regarding the need for direct contact
between MSCs and T cells to inhibit T-cell prolifera-
tion [4,8,11,19-23]. Additionally, studies of activation
marker expression are also controversial. Some studies
have shown that BM-MSCs prevent the expression of the
early activation markers CD25 and CD69 on phytohe-
magglutinin (PHA)-stimulated CD4" T cells [10,24].
Others have observed that MSCs do not affect activation
marker expression on T cells [4,12]. Further, the effects of
UCB-MSCs and PL-MSCs on activation marker expression
have not been reported.

It is commonly accepted that MSCs-mediated immuno-
suppression can be accomplished by lymphocyte popula-
tions known as Tregs. However, there are also conflicting
reports on this subject. Some authors have suggested
that MSCs promote the generation of CD4*CD25" fork-
head box P3 (Foxp3) or CD4*CD25"&"Foxp3* T-cell
populations [7,8,25-27], while others indicate that BM-
MSCs-induced Tregs populations are not Foxp3™ [4,28].
Apparently, these contradictory findings might be due to
the T-cell populations used and the absence or presence of
cell contact with BM-MSCs [9]. Further, a role for Tregs in
MSCs-mediated immunosuppression has been suggested
by the increase of CD4"CD25"CTLA-4" Tregs found in
cocultures of allogeneic MSCs and mixed lymphocyte re-
actions (MLR) [6]. Thus, in addition to the expression of
surface membrane molecules and soluble mediators, MSC-
mediated immunosuppression could be amplified by Tregs
activity.

In an attempt to contribute to our understanding of
the immunosuppressive properties of MSCs from BM,
UCB, and PL against CD3* T cells on the basis of these
notions, we performed a comparative study of MSCs from
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three sources with regard to their potential for the inhi-
bition of proliferation, effects on activation markers, and
expression of immunosuppressive membrane and secreted
molecules. We also assessed the capacity of MSCs to
generate T-cell subsets displaying a regulatory pheno-
type in cocultures. To our knowledge, this is the first
study comparing the immunosuppressive properties of
MSCs from three sources to determine which one would
be the most appropriate for in vivo immunoregulatory
applications.

Methodology

Isolation and culture of MSCs derived
from BM, UCB, and PL

BM samples were obtained from 5 volunteer donors ac-
cording to the ethical guidelines of the Villacoapa Hospital,
Mexican Institute for Social Security (IMSS). UCB (n=5)
and PL (n=5) samples were collected according to the in-
stitutional guidelines of Troncoso Hospital, IMSS. The iso-
lation of mononuclear cells (MNC) from three sources was
performed as previously described [18]. MNC from BM,
UCB, or PL were resuspended in low glucose Dulbecco’s
modified Eagle’s medium (Gibco BRL, Rockville, MD) that
was supplemented with 10% fetal bovine serum (FBS; Gibco
BRL), 4 mM L-glutamine, 100 U/mL of penicillin, 100 pg/mL
of streptomycin, and 100 pg/mL of gentamicin (all reagents
were obtained from Gibco BRL); the cells were seeded at a
density of 0.2x 10° cells/cm?® in T-25 culture flasks (Corning,
Inc./Costar, New York, NY). After a 4-day culture, the
nonadherent cells were removed and fresh medium was ad-
ded to the cultures. Once the cultures reached 80% conflu-
ence, the cells were harvested with trypsin (0.05% trypsin,
0.53 mM EDTA; Gibco BRL), and subcultured at a density of
0.002 x 10° cells/cm? in T-75 flasks (Corning, Inc./Costar). At
the second passage, the cells were harvested, analyzed, and
cryopreserved for future use.

Characterization of MSCs

Immunophenotypic characterization and differentiation
capacities of MSCs were performed according to previously
described protocols [18]. FITC, PE, or APC-conjugated
monoclonal antibodies against CD73, CD90, and CD45 (BD
Biosciences, San Diego, CA) CD105, CD13, CD14 (Caltag,
Buckingham, United Kingdom), HLA-ABC, HLA-DR,
CD31, and CD34 (Invitrogen, Carlsbad, CA) were used for
immunophenotypic characterizations as described in the
Flow Cytometric Analysis section.

Adipogenic and osteogenic differentiation was induced with
Stem Cells Kits™ (Stemcell Technologies, Inc., Vancouver,
BC, Canada). Adipogenic differentiation was determined by
visualizing the presence of Oil Red O-stained (Sigma-Aldrich,
St. Louis, MO) lipid vacuoles. Osteogenic differentiation was
assessed by the detection of von Kossa-stained calcium de-
posits and alkaline phosphatase staining. Chondrogenic dif-
ferentiation was induced with a commercial induction medium
(Cambrex Bio Science, Walkersville, Inc., Walkersville, MD)
that was supplemented with 10 ng/mL of TGF-f§ (Cambrex Bio
Science). The resulting micromasses were fixed, embedded,
and sliced. Cross sections were stained with Alcian blue dye
(Sigma-Aldrich).



IMMUNOSUPPRESSIVE PROPERTIES OF NEONATAL MSCs ON T CELLS

CD3" T-cell collection

PBMC were obtained from the peripheral blood samples
of three volunteer donors by density gradient with Ficoll-
Paque Plus (specific gravity <1.077g/mL; GE Healthcare
Bio-Sciences AB, Uppsala, Sweden). CD3* T cells were
obtained by separation with human CD3 MicroBeads and
MACS MS columns (Miltenyi Biotec, Bergisch Gladbach,
Germany) according to the supplier’s instructions. The pu-
rity of the obtained CD3* T-cell suspensions was deter-
mined by flow cytometry as described in the Flow
Cytometric Analysis section, and only suspensions with
purity greater than 97% were used in the experiments.
CD3" T cells were maintained in RPMI medium (RPMI
1640, 10% fetal calf serum, 2 mM L-glutamine, 100 U/mL of
penicillin, 100 pg/mL of streptomycin, and 100 pg/mL of
gentamicin; all reagents were obtained from Gibco BRL)
for 24 h.

Stimulation of T cells

Cultured CD3* T cells were activated in RPMI medium
with Dynabeads CD3/CD28 T-cell expander (Invitrogen)
at a 1:1 ratio (25 pL of dynabeads/1 x 10°T cells). Fifteen
hours before harvesting the cultures (3—4 days of activa-
tion), the cells were labeled with 10 uM of 5-bromo-2-
deoxyuridine (BrdU; BD Biosciences) to determine cell
proliferation as described in the Flow Cytometric Analysis
section.

Cocultures of MSCs/CD3" T cells

Cocultures of MSCs/CD3™ T cells were performed in the
presence or absence of cell—-cell contact. Cocultures with cell—
cell contact were performed in 24-well plates. CD3* T cells
(1.5% 10° ) were seeded and activated as described in Stimu-
lation of T Cells section in the absence or presence of 1.5 x 10°
MSCs from BM, UCB, or PL (MSC:T-cell ratio, 1:1). Anti-
body-coated beads were present during T-cell cocultures with
MSC:s. Cultures without cell—cell contact were performed in
transwell culture chambers (Corning, Inc./Costar). MSCs
from BM, UCB, or PL (1.5% 10° cells) were placed into the
lower chambers, and CD3" T cells (1.5x% 10° cells) were
placed into the upper chambers; the chambers were separated
by a semipermeable membrane with a 0.4 mm pore size.
CD3* T cells that were activated in the absence of MSCs were
used as positive controls for proliferation, cytokine secretion,
and surface molecule expression. BM-MSCs, UCB-MSCs, or
PL-MSCs that were cultured in the absence of T cells were
used as controls for the basal MSCs expression of surface
molecules and secreted factors. The cultures were maintained
for 1-4 days to permit concurrent evaluations of proliferation
and molecule expression by flow cytometry and cytokine
secretion (see Flow Cytometric Analysis, Quantitative
Cytokine Analysis, and Quantitative PGE, Measurement
sections).

Proliferation assays

After 3 or 4 days of T-cell activation, the cells were la-
beled with 10 uM BrdU (BD Pharmingen, San Diego, CA)
at 15h before harvesting. CD3", CD4", and CD8" T-cell
proliferation rates were assessed with a BrdU Flow Kit (BD
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Pharmingen) according to the supplier’s instructions. CD3 ™"
T cells that were activated in the absence of MSCs were
used as positive controls and were set at 100% proliferation.
The levels of proliferation observed in the cocultures were
normalized to this control.

Flow cytometric analysis

In addition to monoclonal antibodies against surface
markers characteristic of MSCs, we also used FITC, PE, or
APC-conjugated monoclonal antibodies against CD3, CD4,
CD8, CD25, CD69, cytotoxic T lymphocyte-associated Ag-4
(CTLA-4), BrdU (BD Biosciences), Foxp3 (eBioscience,
San Diego, CA), and their respective isotype controls to
characterize T cells and also PE anti-PD-L1 (BD Bios-
ciences) was used for MSCs. A total of 1-2X 10° cells,
previously blocked with Fc receptor blocker (Blocking
Reagent Human; Miltenyi Biotec), were resuspended in
100 uL. of phosphate-buffered saline (PBS) with 3%
FBS and 1 mM EDTA and were incubated with the ap-
propriate antibodies for 20-30 min; the cells were subse-
quently washed with 1 mL of PBS (with 3% FBS and
1 mM EDTA) and fixed with FACS Lysing Solution (BD
Biosciences). Cytofix/Cytoperm buffer (BD Pharmingen)
was used according to the supplier’s instructions to per-
mit the detection of intracellular CTLA-4. The Foxp3
Fixation/Permeabilization Concentrate and Diluent Kit
(eBioscience) was used to detect intracellular Foxp3. The
labeled cells were analyzed on a Coulter Epics Altra Flow
Cytometer (Beckman Coulter, Brea, CA), and at least
10,000 events were collected per sample. The data were
analyzed with FlowJo 2.6 software. The percentages of
positive cells and mean fluorescence intensities (MFI)
were obtained.

Quantitative cytokine analysis

To quantify the secreted cytokine concentrations, super-
natants were obtained from several culture conditions, in-
cluding nonactivated CD3™* T cells or MSCs in the absence
of T cells (negative controls) and activated CD3* T cells in
the absence of MSCs (positive control). The supernatants
were stored at —70°C until use. Cytokine analyses were
performed with a cytometric bead array (BD Biosciences),
according to the supplier’s instructions.

Quantitative PGE, measurement

PGE, concentrations in the supernatants were assessed by
enzyme-linked immunosorbent assay (ELISA) with a Pros-
taglandin E2 Human ELISA Kit (Invitrogen), according to
the supplier’s instructions. The supernatant from MSCs that
were cultured in the absence of activated CD3™ T cells was
used as control.

Statistical analysis

Data are expressed as the mean and standard error of
mean calculated from 3 to 10 independent experiments.
Statistical analyses were performed using SPSS statistics
20.0. Comparisons between groups were performed by
Kruskal-Wallis test followed by Mann—Whitney U test.
A P value<0.05 was considered to be significant.
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Results

Immunophenotype and differentiation capacity
of BM-MSCs, UCB-MSCs, and PL-MSCs

Individual experiments from BM-MSCs (n=35), UCB-
MSCs (n=5), and PL-MSCs (n=5) displayed immuno-
phenotypes and differentiation capacities similar to those
reported previously [18]. MSCs from the three sources
expressed high levels of the characteristic MSCs surface
markers CD105, CD90, and CD73 as established by the
International Society for Cellular Therapy (ISCT) [29].
Further, the MSCs expressed low levels of HLA-ABC,
were HLA-DR-negative, and did not express hematopoi-
etic markers such as CD34, CD45, and CD14 or endo-
thelial markers such as CD31. Meanwhile, MSCs from
the three sources were capable of osteogenic and chon-
drogenic differentiation; however, only BM- and PL-
MSCs showed adipogenic potential, unlike UCB-MSCs,
which had no such potential (Supplementary Fig. S1; Sup-
plementary Data are available online at www.liebertpub
.com/scd).

CD4" and CD8* T-cell proliferation is inhibited
by cocultivation and cellular contact
with BM-MSCs and UCB-MSCs

BM-MSCs, UCB-MSCs, and PL-MSCs have been shown
to decrease the proliferation of mitogen or alloantigen-
activated PBMC [4,30,31]. Some studies have demonstrated
the importance of the type of population evaluated (PBMC
or CD3" T cells) and the presence of cell contact in co-
cultures with MSCs in BM-MSCs-mediated immunosup-
pression [9,14]. Thus, we decided to analyze the direct
effect of MSCs on a CD3* T-cell-enriched population to
reduce the interference from other cellular components such
as B cells, monocytes, and dendritic cells. We isolated
CD3™ T cells (purity >97%) that were activated with anti-
CD3/CD28 in the presence or absence of BM-MSCs,
UCB-MSCs, or PL-MSCs, and either allowed (Contact) or
prevented cell-cell contact (Transwell). Proliferation of
activated T cells cultured in absence of MSCs was consid-
ered 100% of proliferation response (positive control). No
incorporation of BrdU was observed in negative control
(nonactivated T cells cultured in absence of MSCs; data not
shown). Figure 1A and B show that BM- and UCB-MSCs
significantly reduced proliferation of CD3" (48.2% +10.1%
and 42.9%+7.8%, respectively; P<0.05), CD4%
(51.2% £ 10.4% and 43.6% *8.2%, respectively; P <0.05),
and CD8" (49.0% +8.3% and 44.8% +7.4%, respectively;
P<0.05) T cells, while PL-MSCs only reduced the prolif-
eration of CD3% (77.0%%6.2%; P<0.05) and CD4"
(74.5%+6.8%; P<0.05) T cells, but not CD8"
(83.7% £ 8.8%) T cells. It is worth mentioning that these
reductions were only observed in cocultures with cell—cell
contact (Supplementary Fig. S2). Additionally, in UCB-
MSCs cocultures, we observed a greater reduction in the
proliferation of CD3*, CD4™", and CD8" T cells, compared
with PL-MSC cocultures (P <0.05); however, in BM-MSCs
cocultures, we only observed a decrease in proliferation of
CD8™ T cells when compared with the PL-MSCs cocultures
(P <0.05). These results suggest that BM-MSCs and UCB-
MSCs have a greater ability to inhibit T-cell proliferation

CASTRO-MANRREZA ET AL.

than do PL-MSCs and that contact between the T cells and
MSC:s is necessary for such inhibition.

Effect of BM-, UCB-, and PL-MSCs
on T-cell activation

Antigenic or mitogenic T-cell stimulation rapidly induces
the expression of the activation markers CD25, CD69, and
CTLA-4 [32]. Because we observed inhibited T-cell prolifer-
ation in cocultures with cell contact between MSCs and T cells,
we decided to examine whether the presence of MSCs in these
cocultures could affect the expression of CD25, CD69, and
CTLA-4. Expression of such molecules on activated T cells
cultured in absence of MSCs was considered as the positive
control (Control). Basal expression of molecules in nonacti-
vated T cells was considered as negative control (data not
shown). We found that CD25 and CD69 expression was un-
affected by any of the MSCs from three sources (Fig. 2A, B).
On the other hand, we noted that CTLA-4 expression was not
modified in the BM-MSCs and UCB-MSCs cocultures
(Fig. 2B). Interestingly, we observed significant decrease in
CTLA-4 expression on T cells in PL-MSCs cocultures
(23.8% = 3.7%) when compared with BM-MSCs and UCB-
MSCs cocultures (42.3%+5.0% and 39.5% +4.8%, respec-
tively; P<0.05) (Fig. 2B). No significant differences were
observed in MFI values (data not shown).

Effects of MSCs on the expression of the
immunosuppressive molecules CTLA-4 and PD-L1

Because CTLA-4 is an important negative regulator of
immune responses and achieves maximum expression levels
between 24 and 48 h postactivation [33,34], we decided to
analyze whether the previously observed changes in CTLA-
4 expression remained at 3 days of culture and whether the
presence or absence of cell-cell contact affected this ex-
pression. We performed cocultures with and without cell—
cell contact and measured the percentages and MFI of
CTLA-4-positive cells in the CD4" population (Fig. 3A).
Expression of CTLA-4 in activated T cells cultured in ab-
sence of MSCs was considered as the positive control
(Control). Basal expression of molecules in nonactivated T
cells was considered as negative control (data not shown).
We observed that in cocultures with cell-cell contact, BM-
MSCs and UCB-MSCs significantly enhanced both the
percentage of CD4"CTLA-4% cells (92.6%+1.8% and
92.1% +2.5%, respectively) when compared with control
(76.0% +3.4%; P<0.05) (Fig. 3B) and the CTLA-4 MFI
(1.9- and 1.8-fold, respectively; P<0.05) of the CDh4™
CTLA-4* population (Fig. 3C). Meanwhile, in cocultures
without cell—cell contact, no increases were observed in the
percentage of CD4 *CTLA-4" or the CTLA-4 MFI and the MFI
values were significantly lower than in cell—cell contact cocul-
tures of BM-MSCs and UCB-MSCs (P <0.05) (Fig. 3B, C). We
also observed that PL-MSCs did not increase CTLA-4 expres-
sion levels, and the CTLA-4 percentage and MFI increases in
the PL-MSCs cocultures with contact were significantly
lower (74.7% *2.3% and MFI:1.1-fold) than those in the
BM-MSCs (92.6% £ 1.8% and 1.9-fold; P <0.05) and UCB-
MSCs cocultures (92.1%*+2.5% and 1.8-fold; P<0.05)
(Fig. 3B, C). These results suggest the need for MSCs-T-cell
contact to promote increased CTLA-4 expression and that
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FIG. 1. BM-MSCs and
UCB-MSCs decrease both
CD4* and CD8* T-cell
proliferation in a cell con-
tact-dependent manner. Anti-
CD3/CD28-activated CD3™ T
cells were cocultured in the
presence of BM-MSCs, UCB-
MSCs, or PL-MSCs at a 1:1
ratio of MSCs:T cells. Co-
cultures were prepared in the
presence (black bars) or ab-
sence (white bars) of cell-cell
contact; the latter were per-
formed with transwell cham-
bers. Proliferation of activated
CD3* T cells cultured in ab-
sence of MSCs was the positive
control (100% proliferation,
n=10, gray bars). The per-
centage of BrdU incorporation
was determined in the CD3™,
CD4™, and CD8* populations
after 3—4 days of culture. (A)
Representative dot plots from
an experiment. (B) Data are
shown as the mean £+ SEM for
the percentages of proliferation
(BM-MSCs: n=10 with cell-
cell contact, n=5 transwell;
UCB-MSCs: n=10 with cell-
cell contact, n=5 transwell;
and PL-MSCs: n=10 with
cell—ell contact, n=5 trans-
well. Individual experiments).
*Indicates a statistically signif-
icant difference with P<0.05.
BM-MSCs, bone marrow
mesenchymal stromal cells;
PL, placenta; UCB, umbilical
cord blood; BrdU, 5-bromo-2-
deoxyuridine; SEM, standard
error of mean.
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CTLA-4 may contribute to the reduced proliferation rates
observed in these cocultures.

On the other hand, because cell contact was found to be
very important for the inhibition of T-cell proliferation, we
decided to evaluate the expression of PD-L1, a molecule that

Control BM-MSCs UCB-MSCs PL-MSCs

affects T-cell inhibition in a cell contact-dependent manner
[20]. Thus, we analyzed PD-L1 expression on the MSCs
present in the cocultures with and without cell contact (Fig.
4A). The percentage and MFI of PD-L1" MSCs cultured in
absence of activated T cells, was considered as the basal
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FIG. 3. BM-MSCs and UCB-MSCs increase the frequency and intensity of CTLA-4 expression on CD4*CTLA-4" T
cells. Anti-CD3/CD28-activated CD3" T cells were cocultured in the absence or presence of BM-MSCs, UCB-MSCs, or
PL-MSCs at a 1:1 ratio of MSCs:T cells. Cocultures were performed with and without (Transwell, white bars) cell—cell
contact (black bars). CTLA-4 expression on activated T cells cultured in absence of MSCs was the expression control
(Control, n=7, gray bars). The percentages of CTLA-4" cells and the fold changes the CTLA-4 MFI were determined in
the CD4™ population after 3 days of culture. (A) Representative dot plots from an experiment. (B) Data are shown as the
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and PL-MSCs: n=7 with cell-cell contact, n="7 transwell (Individual experiments). *Indicates a statistically significant

difference with P <0.05. MFI, mean fluorescence intensity.

expression of this molecule (Control). The results showed
that the presence of activated T cells increased the percentage
of PD-L1* MSCs (CD3'CD90*PD-L1"; P<0.05) in the
cocultures, regardless of cell contact: BM-MSCs (control:
1.5%+03%, transwell: 54.3%+10.2%, and contact:
77% £ 4.6%), UCB-MSCs (control: 0.11% %0.03%, trans-
well: 71%+10.7%, and contact: 76.3% *8.7%), and PL-
MSCs (control: 0.29% £0.11%, transwell: 80.0% *+13.8%,
and contact: 97.4% £1.0%) (Fig. 4B). Similar results were
obtained from an analysis of the PD-LL1 MFI, for which in-
creases (P <0.05) were observed in BM-MSCs (transwell: 5-
fold and contact: 7-fold), UCB-MSCs (transwell: 7-fold and
contact: 16-fold), and PL-MSCs (transwell: 5-fold and con-
tact: 14-fold) (Fig. 4C). These results suggest that PD-L1
might be involved in MSC-mediated immunosuppressive
activity through cell—cell contact. Further, PD-L1 expression
was increased in the cultures regardless of cell contact; this

suggests that this increase might be due to the presence of a
soluble mediator that stimulates PD-L1 expression on MSCs.

Decreased tumor necrosis factor alfa
and increased interferon-y and IL-10 levels in
cocultures with BM-MSCs and UCB-MSCs

Previous studies have demonstrated the importance of in-
terferon gamma (IFNYy) for PD-L1 expression on BM-MSCs
[20] and PL-MSCs [35], and for the induction of the im-
munosuppressive properties of MSCs, either alone or in the
presence of other pro-inflammatory cytokines such as tumor
necrosis factor alfa (TNFa). Further, the decreased prolifer-
ation rates observed in cocultures could be related to the
presence of immunosuppressive Th2-like cytokines such as
IL-4 and IL-10 [2,4]. Based on the above findings, we de-
cided to evaluate the presence of cytokines that might be
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FIG. 4. PD-L1 expression is
increased in MSCs in the presence
of activated CD3™ T cells. BM-
MSCs, UCB-MSCs, or PL-MSCs
were cocultured in the absence
or presence of anti-CD3/CD28-
activated CD3" T cells at a 1:1
ratio of MSCs:T cells. Cocultures
were performed with (Contact,
black bars) and without (Trans-
well, white bars) cell—cell contact.
PD-L1 expression on MSCs cul-
tured in absence of activated T
cells was considered as basal ex-
pression of such molecule (Con-
trol: BM-MSCs n=6, UCB-MSCs
n=>5, PL-MSCs n=4, gray bars).
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involved in the immunosuppressive responses of the MSCs
from the three sources. Thus, we determined the concentra-
tions of INFy, TNFa, IL-10, and IL-4 in the cocultures with
and without cell contact. Concentration of cytokines detected
in conditioned medium of activated T cells cultured in ab-
sence of MSCs was considered as positive control (Control).
We detected higher concentrations of IFNy and IL-10 in
cocultures with cell contact in the presence of BM-MSCs
(IFNy: 10,761.4£1,192 pg/mL, IL-10: 463 £87 pg/mL; P<
0.05) and UCB-MSCs (IFNy: 13,031.9+1,409.8 pg/mL, IL-
10: 393103 pg/mL; P<0.05), compared with control cul-
tures (IFNy: 2,976+936pg/mL, IL-10: 95+25pg/mL).

Transwell‘ Contact

BM-MSCs

Transwell Contact ranswell Contact

Control UCB-MSCs Control PL-MSCs

However, in PL-MSCs cocultures we detected only an increase
in INFy (8,690+1,147 pg/mL; P<0.05), but not in IL-10
(88.3+12.2pg/mL) (Fig. 5), compared with control cultures.
In cocultures with transwell chambers, the IFNy (BM-MSCs:
3,047+£593 pg/mL, UCB-MSCs: 3,596+ 1,101 pg/mL, and
PL-MSCs: 3,023 +749 pg/mL) and IL-10 concentrations (BM-
MSCs: 72+ 14 pg/mL, UCB-MSCs: 87+27 pg/mL, and PL-
MSCs: 143+42pg/mL) were similar to those observed in
activated T cells in the absence of MSCs. We observed a
tendency to decline TNFo secretion in cocultures with
cell contact and with transwell chambers in presence of BM-
MSCs (contact: 652+ 160 pg/mL; transwell: 479+76 pg/mL;
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IFNYy and IL-10 expression are strongly induced in cell-contact cocultures with BM-MSCs and UCB-MSCs. Anti-

CD3/CD28-activated CD3™ T cells were cocultured in the absence or presence of BM-MSCs, UCB-MSCs or PL-MSCs at a
1:1 ratio of MSCs:T cells. Cocultures were performed with (black bars) and without (Transwell, white bars) cell-cell
contact. IFNvy, IL-10, TNFo and IL-4 concentrations in cell-free supernatants were determined with a cytometric bead array
after 3 days of culture. Cytokines concentration detected in conditioned medium of activated T cells cultured in absence of
MSCs, were considered as basal expression of such cytokines (Control, n=7, gray bars). Data are shown as the mean*
SEM of the cytokine concentrations (BM-MSCs: n=7 with cell—cell contact, n=7 transwell; UCB-MSCs: n=7 with cell-
cell contact, n="7 transwell and PL-MSCs: n=7 with cell-cell contact, n="7 transwell. Individual experiments). *Indicates a
statistically significant difference with P<0.05. IFNy, interferon-y; IL, interleukin; TNFa, tumour necrosis factor alfa.

P<0.05) and UCB-MSCs (contact: 544+ 151 pg/mL and
transwell: 430+ 105 pg/mL; P<0.05) compared with control
cultures (944 £ 130 pg/mL). Moreover, no significant changes
were observed in the concentrations of IL-4 under any of the
culture conditions (Fig. 5). These results suggest that BM-
MSCs and UCB-MSCs, when in contact with activated T cells,
induced secretion of both IFNy and IL-10; PL-MSCs, on the
other hand, only induced INFy secretion. Further, in contrast to
PL-MSCs, both BM-MSCs and UCB-MSCs decline TNFo
secretion.

BM-MSCs and UCB-MSCs induce PGE, secretion

PGE, is a mediator that affects T-cell activation, prolif-
eration, and differentiation; as such, it has been shown to
decrease proliferation, stimulate IL-4 and IL-10 secretion,
and promote adaptive Tregs (CD4*CD25*Foxp3™) differ-
entiation [36]. Because we detected increased IFNy con-
centrations in the BM-MSCs and UCB-MSCs cocultures
and because BM-MSCs secrete PGE, in response to IFNy
stimulation [2], we decided to evaluate the PGE, concen-
trations in MSCs and activated T-cell cocultures with cell
contact. Concentration of PGE, detected in conditioned
medium of MSCs cultured in absence of activated T cells,
was considered as the basal expression of this molecule
(Control). We observed that PGE, secretion was signifi-

cantly increased only in the BM-MSCs and UCB-MSCs
cocultures (32.0£0.6 ng/mL and 33.5+2.6ng/mL, respec-
tively; P<0.05), while the PGE, levels in the PL-MSCs
cocultures remained similar to those observed in the control
cultures (0.8 £0.3 ng/mL and 0.5 £0.14 ng/mL, respectively)
(Fig. 6). These results indicate different PGE, induction
potentials between BM-MSCs/UCB-MSCs and PL-MSCs
and suggest that PGE, might be involved in the inhibition of
T-cell proliferation in the BM-MSCs and UCB-MSCs co-
cultures with cell contact.

BM-MSCs and UCB-MSCs induce generation
of T-cell subsets displaying a regulatory phenotype

Several studies have indicated that IFNy, IL-10, and
PGE; are involved in Tregs induction [8,9,37]. Because we
detected increased levels of these mediators in the BM-
MSCs and UCB-MSCs cocultures with cell contact, which
were concomitant with the inhibited CD4" and CD8* T-
cell proliferation and increased CD4 " CTLA-4* T-cell fre-
quencies, we determined whether these findings were related
to the generation of CD4*CD25" Foxp3™* Tregs. Because
CTLA-4 is a molecule that is constitutively expressed on
Tregs and is essential to their function [38], we also ana-
lyzed the generation of CD4*CD25"CTLA-4" and CD8"
CD25"CTLA-4* T-cell subsets displaying a regulatory
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FIG. 6. PGE, expression is induced in BM-MSCs and
UCB-MSCs cocultures. BM-MSCs, UCB-MSCs, or PL-
MSCs were cocultured in the absence or presence of anti-
CD3/CD28-activated CD3™ T cells at a 1:1 ratio of MSCs:T
cells. Cocultures were performed with cell-cell contact
(black bars). PGE, concentrations in cell-free supernatants
were determined by ELISA after 3 days of culture. PGE,
concentrations detected in conditioned medium of MSCs
cultured in absence of activated T cells were considered as
basal expression of such molecule (Control, gray bars).
Data are shown as the mean*SEM (Control n=3, BM-
MSCs n=3, UCB-MSCs n=3, and PL-MSCs n=3). In-
dividual experiments (evaluations were performed in du-
plicate). *Indicates a statistically significant difference with
P<0.05. PGE,, prostaglandin E2; ELISA, enzyme-linked
immunosorbent assay.

BM-MSCs Control UCB-MSCs Control PL-MSCs

phenotype [6]. Thus, the T-cell populations from the MSCs
cell contact cocultures were obtained. The percentages of
Foxp3* cells were determined within the CD4*CD25" T-
cell fraction, and the percentages of CTLA-4" and CTLA-
4Meh cells were determined within the CD4*CD25" and
CD8*CD25™ fractions. The percentage of Foxp3*, CTLA-
4%, and CTLA-4"®" in addition to MFI of CTLA-4" of
CD4"CD25" T-cell fraction from activated T cells cultured
in absence of MSCs was considered as the basal population
of T-cell displaying a regulatory phenotype (Control).

We found no significant increases in CD4"CD257
Foxp3™ Tregs generation; however, there was a tendency
toward reduced percentages of this population in the
PL-MSCs cocultures, although this was not statistically
significant (data not shown). In contrast, we noted that the
presence of either BM-MSCs or UCB-MSCs significantly
increased the percentage of CD4*CD25*CTLA-4" cells
over the control (98% *£0.6%, 97% +0.9% and 86% +1.2%,
respectively; P<0.05) (Fig. 7A, B), and the CTLA-4 MFI in
CD4*"CD25" T cells (2.6-fold and 2.3-fold over the control,
respectively; P<0.05) (Fig. 7A, C). We also noted that both
types of MSCs induced an increase in the percentage of
CD4*CD25% CTLA"®" cells (control: 32.8%+5.7%, BM-
MSCs: 71.1%*7.5%, and UCB-MSCs: 69% +5.5%;
P<0.05) (Fig. 7D). In contrast, there were no significant
increases in the CD4"CD25"CTLA-4" population with
regard to percentage (Control: 86.5% t1.2%, PL-MSCs:
85.6% £3.3%) or MFI (control: 1-fold and PL-MSCs: 1.2-
fold) in the PL-MSCs cocultures. Similarly, we observed no
increase in the percentage of CD4*CD25* CTLA"E" cells
in the PL-MSCs cocultures (Control: 32.8% +5.7% and PL-
MSCs: 37.9% £ 8.3%). Interestingly, the values obtained for
the percentages and expression levels of CTLA-4 in the PL-
MSC cocultures were significantly lower (CD4*CD25"*
CTLA-4": 85.6%+3.3%, MFI: 1.2-fold, and CD4"CD25™"
CTLA"#": 37.9%+8.3%; P<0.05) than those from the

CASTRO-MANRREZA ET AL.

BM-MSCs (CD4*CD25"CTLA-4": 98% +0.6%, MFI: 3.6-
fold, and CD4*CD25*CTLAME": 71.1% +7.5%) and UCB-
MSC cocultures (CD47CD25"CTLA-4": 96.9%+0.9%,
MEFT: 3.3-fold, CD4*CD25" CTLA"€". 69% +5.5%) (Fig. 7).
However, we did not observe changes in CTLA-4 on the
CD8* T cells from any of the tested conditions (data not
shown).

Discussion

MSCs have been reported to be immunosuppressive.
Thus, BM-MSCs have been used to treat GVHD, a condition
in which donor T cells are the principal effector cells in an
immune response against the host tissues [39]. Although
BM is the main source of MSCs, it has some disadvantages
such as a lack of donors, a difficult harvesting procedure,
and reduced numbers of MSCs with age [17]. We have
shown that MSCs from alternative sources such as UCB and
PL have morphologic and immunophenotypic characteris-
tics and differentiation capacities similar to those of
BM-MSCs [18]. Several authors have reported the immu-
nosuppressive effects of BM-MSCs [1,2,4,8,10,11,22];
however, it is little known whether UCB-MSCs and PL-
MSCs shared the immunosuppressive properties of BM-
MSCs and could thus be considered as alternative sources of
MSCs for clinical protocols. Some studies of MSCs from
adult [BM and adipose tissue (AT)] and neonatal sources
(UCB and PL) have compared different characteristics re-
garding morphology, expansion potential, multiple differ-
entiation capacity, immunophenotype, and hematopoietic
support capacity. No significant differences concerning the
morphology, immunophenotype, osteogenic, and chondro-
genic differentiation capacity were observed [18,40], how-
ever, UCB-MSCs showed no adipogenic differentiation
capacity but in contrast showed higher proliferation capacity
than BM-MSCs and AT-MSCs, whereas BM-MSCs pos-
sessed the shortest culture period and the lowest prolifera-
tion capacity [40]. Further, both UCB-MSCs and BM-MSCs
are superior to MSCs from AT for maintenance of primitive
hematopoietic progenitor cells [41]. This study is the first to
compare the immunosuppressive properties of BM-MSCs,
UCB-MSCs, and PL-MSCs on an enriched population of
CD3™ T cells while under identical culture conditions.

MSCs from the three sources met the criteria established
by the ISCT [29] with regard to immunophenotype, osteo-
genic, and chondrogenic differentiation capacities; however,
as we have previously demonstrated [18], UCB-MSCs
showed no adipogenic capacity, unlike BM-MSCs and PL-
MSCs, a fact that has been corroborated by other research
groups [40]; further, we observed that PL-MSCs has a lower
adipogenic capacity than BM-MSCs. Interestingly, MSCs
from both neonatal sources do not show the same adipo-
genic capacity than those from adult source, this aspect
could be related to the fact that in adult stage adipocytes
formation is increased in BM and therefore BM-MSCs from
adults would have higher tendency toward adipogenic lin-
eage compared with MSCs from neonatal sources, which
could be predisposed to regenerate supporting tissues (bone
and cartilague) important for such developmental stage; this
hypothesis is supported by previous studies that suggest
differences in adipogenic capacity between MSCs from
children and adults [42].
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Most previous studies analyzed the immunosuppressive
capacity of BM-MSCs and other alternative sources such as
amnios, PL, Wharton’s jelly, and umbilical cord on allo-
antigen or PHA-activated PBMC [4,8,12,13,43]. These
studies are important because MSCs act on many of the
leukocyte subsets involved directly or indirectly in regu-
lating the immune response in vivo [2,3,24,44]. However,
few studies have analyzed BM- and PL-MSCs-mediated
immunosuppression on CD3™" T-cell-enriched populations
[10,14,25,45], which is important in the context of GVHD,
because they are the major effector cells in this disease [39].
Additionally, the immunosuppressive effects of UCB-MSCs
on this T-cell population remain unknown. To assess this,
we analyzed the immunosuppressive effects of MSCs from
the three sources on the proliferation of a CD3* T-cell-
enriched population. We noted that BM-MSCs, UCB-MSCs,
and to a lesser extent PL-MSCs, suppressed the proliferation
of anti-CD3/CD28-activated CD3™ T cells only in the
presence of direct contact between the two cell populations;

% of CD4*/CD25*/CTLA-4 e cells
o 8 & 8
4 ‘-ﬂ-

PL-MSCs

similar results were previously obtained with mouse BM-
MSCs [23]. Moreover, several studies have reported that a
lack of cellular contact affects MSCs-mediated immuno-
suppression because the reduction of activated T-cell pro-
liferation was less apparent [8,20-22,30,46,47].

Despite evidence of the importance of cell contact in
MSCs immunosuppression, little is known about mecha-
nisms involved in this process. In this regard it has been
shown that expression of adhesion molecules ICAM-I and
VCAM-I on MSCs decline proliferation of splenocytes ac-
tivated with anti-CD3 antibodies [48] and further, both ad-
hesion molecules have the capacity to induce CTLA-4
expression on T cells [49], which is involved in inhibition of
T-cell proliferation [33,34]. In addition, cell contact be-
tween MSCs and T cells increase expression of IL-10, HLA-
G1, and HLA-GS immunosuppression molecules [7,8,19,21],
which are involved in the inhibition of T-cell proliferation. It
appears that HLA-G1, whose expression is increased on
MSCs cocultured with activated T cells [21], is the molecule
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responsible to stimulate initial secretion of IL-10, which
stimulate HLA-GS5 secretion in MSCs and through a positive
feedback mechanism stimulate secretion of IL-10. In fact, it
has been shown that increase in HLA-GS5 secretion is more
evident in cell contact [8].

When we examined whether CD4" and CD8* T-cell
populations are equally affected by MSCs from the three
sources, we found that BM-MSCs and UCB-MSCs signifi-
cantly reduced the proliferation of both CD4* and CD8* T
cells, whereas PL-MSCs only reduced the proliferation of
CD4* T cells. These observations are consistent with pre-
vious research, in which BM-MSCs and UCB-MSCs were
found to have similar immunosuppressive capacities on
PBMC in MLR and PHA activation assays [30,50]. Simi-
larly, Chang et al. [35] used an alloantigen-activated PBMC
model to demonstrate that PL-MSCs more efficiently sup-
pressed the proliferation of CD4™ T cells relative to CD8*
T cells. Our results demonstrate for the first time that under
identical culture conditions, BM-MSCs and UCB-MSCs
have a greater potential for CD3* T-cell immunosuppres-
sion than PL-MSCs. Similar results were obtained from
MSCs from Wharton’s jelly, which decline proliferation of
PHA- activated PBMC similar to those of BM-MSCs [51].

The observed inhibited T-cell proliferation might be re-
lated to the downregulation of activation markers such as
CD25, CD69, and CTLA-4. Several studies have described
the effect of BM-MSCs on the expression of these mole-
cules [4,10,12,24]; however, it is not known whether UCB-
MSCs and PL-MSCs have a similar effect. We found that
MSC:s from the three sources did not affect CD25 and CD69
expression on activated CD3™ T cells, which was consistent
with previous reports from BM-MSCs [4,12].

Meanwhile, we noted that BM-MSCs and UCB-MSCs
did not affect CTLA-4 expression at 24 h, unlike PL-MSCs,
which significantly decreased CTLA-4 expression. It was
previously demonstrated that BM-MSCs do not affect
CTLA-4 in activated CD4" and CD8" T-cell-enriched
populations [4], which is consistent with our results. The
CTLA-4 expression trends, which were first observed at 24 h
of culture with MSCs from the three sources, were most
evident after 3 days of culture; this effect was only observed
in cell-contact cocultures, wherein we found significant in-
creases in CTLA-4 expression in activated CD4™ T cells in
the presence of BM-MSCs and UCB-MSCs, but not PL-
MSC:s. It is noteworthy that the increased CTLA-4 expres-
sion is consistent with the greater ability of both the BM-
MSCs and UCB-MSCs to reduce T-cell proliferation; this
suggests the involvement of CTLA-4™ Tregs populations in
this inhibitory process.

Because we observed reduced T-cell proliferation only in
the cell-contact cocultures, we assumed that PD-L1, a
molecule involved in MSC-mediated immunosuppression
through a cell contact-dependent mechanism [20], might be
upregulated on MSCs. Our results demonstrated that co-
cultured MSCs from the 3 sources had increased PD-L1
expression levels regardless of cell contact. Similar results
have been observed in BM-MSCs [20], PL-MSCs [35], and
Wharton’s jelly [47]; however, this is the first study to show
this increase in UCB-MSCs.

IFNYy can act as an immunosuppressive cytokine and as
such, is capable of directly inhibiting proliferation and in-
ducing T-cell apoptosis [37,52], stimulating the synthesis of
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immunosuppressive molecules such as IDO, PGE,, and PD-
L1 in MSCs [1,2,20], and facilitating the immunosuppres-
sive properties of MSCs [4,5,53,54]. Thus, we decided to
analyze IFNy expression in our cocultures with and without
cell contact. We detected significant increases in the IFNy
concentrations in the supernatants from cell contact cocul-
tures in the presence of MSCs derived from the three
sources, which is correlated with the increase observed in
PD-L1 expression in this culture condition. Interestingly, we
also observed increased PD-L.1 expression levels in the
cocultures regardless of cell contact, which is likely be-
cause, even at low concentrations, IFNy can stimulate
PD-L1 expression on MSCs, as previously demonstrated in
BM-MSCs and umbilical cord-MSCs [47,55]. It is worth
mentioning that in PL-MSCs cocultures, IFNy might stim-
ulate the secretion of IDO [35], an enzyme that depletes
tryptophan and subsequently promotes the inhibition of
CD4" and CD8* T-cell proliferation; however, it is has
been suggested that CD8* T cells are more resistant to IDO-
mediated immunosuppression than CD4* T cells [56,57],
which might explain why we observed reduced CD4 " but
not CD8" T-cell proliferation in the PL-MSCs cocultures.
Unlike PL-MSCs, in BM-MSCs and UCB-MSCs cocultures,
besides participation of PD-L1, other molecules and im-
munosuppressor populations seem to be involved. These
results suggest that INFy and PD-L1 are not the only mol-
ecules that are involved in the immunosuppressor effect of
MSCs from the three sources. Our results seem to contradict
previous reports in which the presence of MSCs from BM,
UCB, PL, AT, and Wharton’s jelly, either did not affect or
decrease IFNYy secretion by activated T cells [20,45,58,59];
however, it was recently reported that MSCs-mediated ef-
fects on IFNy secretion depend on the T-cell source and the
type of activation and the presence of MSCs even favor the
secretion of IFNy by CD3™ T cells activated with anti-CD3/
CD28 [14].

All of these results support our observations in which
MSCs increase IFNy secretion through contact with acti-
vated T cells; apparently, this correlates with reduced T-cell
proliferation, in which PD-L1 could actively participate by
cell contact, as previously demonstrated in BM-MSCs and
PL-MSCs [20,52]. The IFNy-mediated regulation of PD-L1
and its involvement in immunosuppression mediated by
UCB-MSCs are ongoing studies in our laboratory.

Similarly, the decreased proliferation observed in the
cocultures could be related to the presence of immunosup-
pressive cytokines. It has been shown that the activation of
T cells in the presence of BM-MSCs reduces the secretion of
Thl proinflammatory cytokines (TNFa and IFNy) and in-
duces the secretion of Th2 anti-inflammatory cytokines (IL-
4 and IL-10) [2]. Further, IFNy, along with TNFa, increases
MSCs-mediated immunosuppression by favoring the secre-
tion of immunosuppressive molecules such as PGE, [2,4].
Therefore, along with the IFNy secretion patterns in our
cocultures, we also analyzed TNFo, IL-10, and IL-4 secre-
tion. The results revealed no significant increases in levels
of IL-4; it suggests that a Th2 type response is not gener-
ated, however, we observed a decrease in secretion of TNFa
in cocultures in presence of BM-MSCs and UCB-MSCs,
which suggest that Thl type response could be decreased as
has been previously shown [2]. Moreover, we observed a
significant increase in IL-10 secretion in the cell-contact
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cocultures with BM-MSCs and UCB-MSCs and interest-
ingly we did not observe changes in TNFa and IL-10 se-
cretion patterns in cocultures with PL-MSCs, which are
related to their low immunosuppressive potential.

Through antibody studies, it has been shown that IL-10 is
important in BM-MSC-mediated immunosuppression; this
cytokine is also involved in Tregs generation [5,8]. Previous
reports have shown that the inhibition of cell contact be-
tween BM-MSCs and T cells affects IL-10 secretion
[7,8,19]. Thus in our system, BM-MSCs and UCB-MSCs-
mediated immunosuppression through cell contact could be
facilitated by similar mechanisms because both types of
MSCs promoted CTLA-4 expression on CD4™ T cells and
increased IL-10 and IFNYy concentrations in the coculture
supernatants; in contrast, such results were not observed in
the PL-MSCs cocultures. Moreover, IFNy stimulates PGE,
secretion from MSCs. PGE, is an important lipid factor in
the MSCs-mediated immunosuppression of T cells because
it decreases T-cell proliferation, stimulates IL-4 and IL-10
secretion, and promotes adaptive CD4*CD25" Foxp3™
Tregs generation [36]. We detected increased PGE, con-
centrations in cell-contact cocultures with BM-MSCs and
UCB-MSCs. Apparently, the observed increases in PGE,
might be due to IFNYy, as previously suggested by studies of
BM-MSCs [2,5,11]; however, no increase in PGE, was
observed in PL-MSCs cocultures, which indicates that INFy
is not the only molecule that induce PGE, secretion; thus,
probably TGF-fB and epidermal growth factor could be se-
creted and participate in such an induction, as previously
demonstrated in amnion cells [60]. Currently, the role of
PGE, in PL-MSCs-mediated immunosuppression remains
unpublished, and our results suggest that PGE, might be
involved in immunosuppression mediated by BM-MSCs and
UCB-MSCs but not by PL-MSCs. Similarly, previous re-
ports have shown the role of PGE2 in Wharton’s jelly-
MSCs-mediated immunosuppression [61].

Because we observed high concentrations of IFNy, IL-10,
and PGE, in the cell-contact cocultures with BM-MSCs and
UCB-MSCs, and because these mediators favor Tregs gener-
ation [8,9,37], we decided to determine the presence of Tregs in
our cocultures. We did not detect any increases in the genera-
tion of CD4"CD25*Foxp3* and CD8*CD25*CTLA-4"
with any of the MSCs types; however, we did observe signifi-
cant increases in the CD4"CD25*CTLA-4" T-cell subsets
displaying a regulatory phenotype in BM-MSCs and UCB-
MSC:s cocultures; this latter finding is consistent with previous
studies [6,50]. To our knowledge, this is the first study to an-
alyze the ability of PL-MSCs to induce Tregs generation, and
we observed that under our conditions, these cells are unable to
generate CD4"CD25"CTLA-4" T-cell subsets displaying a
regulatory phenotype; this finding is consistent with the re-
duced ability of these cells to suppress T-cell proliferation in
our study. CTLA-4 has been suggested to induce IDO ex-
pression in CD4™ T cells; this might have occurred in our
system because this effect is IFNy-dependent [57], and we
detected increased amounts of IFNYy in the cocultures that also
generated T-cell subsets displaying a regulatory phenotype.

MSCs-mediated immunosuppression through the involve-
ment of Tregs has been recently demonstrated. In an in vivo
model of arteriosclerosis transplant, it was demonstrated that
local administration of BM-MSCs prevents the disease con-
dition by increasing the local concentrations of IFNy and
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IL-10, cytokines produced by Tregs like Tr1 [62]. Further in
vitro studies showed that the presence of BM-MSCs favors
the generation of Tgl, which have an IL-10*IFNy*CD4™*
phenotype [28]. Our laboratory is currently determining
whether these Tregs are generated in our cultures and their
participation in MSCs-mediated immunosuppression.

Although we found differences between PL-MSCs and
BM-MSCs, it seems that the immunosuppression potential is
not related with age, because such potential was similar
between UCB-MSCs and BM-MSCs. Nevertheless, it has
been shown that during aging principally three aspects in
MSC:s are affected: (1) proliferation, (2) differentiation ca-
pacity, and (3) genome stability [63], which influence MSCs
quality, although it has suggested that decline in tissue re-
generation capacity during aging may be in part due to
MSCs present in such tissues [17,64]. Our results suggest
that immunosuppression capacity is not affected by age.

In summary, our study shows that PL-MSCs possess less
immunosuppressive potential than do BM-MSCs and UCB-
MSCs, however for the three sources, T-cell contact is es-
sential for immunosuppression process. Unlike PL-MSCs,
BM-MSCs and UCB-MSCs reduce both CD4* and CD8™
T-cell proliferation, increase IL-10 and PGE, expression
and induce generation of CD4"CD25"CTLA-4* T-cell
subsets displaying a regulatory phenotype. Interestingly,
BM-MSCs and UCB-MSCs have similar immunosuppres-
sive properties. To our knowledge, this is the first study in
which the immunosuppressive properties of MSCs from
BM, UCB, and PL are compared under identical culture
conditions, using a CD3" T-cell-enriched population. Our
results suggest that UCB-MSCs, rather than PL-MSCs,
would be a good alternative to BM-MSCs in cell therapy
protocols for the treatment of immunological diseases such
as GVHD, graft rejection, or autoimmune diseases.
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