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Abstract

Objective and design Bone marrow mesenchymal stromal cells (BM-MSCs) are referred as a promising immunotherapeutic
cell product. New approaches using empowered MSCs should be developed as for the treatment or prevention of different
immunological diseases. Such preconditioning by new licensing stimuli will empower the immune fate of BM-MSCs and,
therefore, promote a better and more efficient biological. Here, our main goal was to establish the immunological profile of
BM-MSC:s following inflammatory priming and in particular their capacity to adjust their immune-related proteome and
transcriptome.

Material and methods To run this study, we have used BM-MSC cell cultures, a pro-inflammatory cytokine cocktail prim-
ing, flow cytometry analysis, qPCR and ELISA techniques.

Results Different expression levels of several immunological mediators such as COX-1, COX-2, LIF, HGF, Gal-1, HO-1,
IL-11, IL-8, IL-6 and TGF-f were constitutively observed in BM-MSCs. Inflammation priming substantially but differentially
modulated the gene and protein expression profiles of these mediators. Thus, expressions of COX-2, LIF, HGF, IL-11, IL-8
and IL-6 were highly increased/induced and those of COX-1, Gal-1, and TGF-p were reduced.

Conclusions Collectively, we demonstrated that BM-MSCs are endowed with a specific and modular regulatory machinery
which is potentially involved in immunomodulation. Moreover, BM-MSCs are highly sensitive to inflammation and respond
to such signal by properly adjusting their gene and protein expression of regulatory factors. Using such preconditioning may
empower the immune fate of MSCs and, therefore, enhance their value for cell-based immunotherapy.
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Introduction

Mesenchymal stromal cells (MSCs) are multipotent fibro-
blast-like cells with several interesting properties such as
multiline age and immunomodulatory potential. Although
MSCs could be isolated from several tissues [1], the bone
marrow (BM) is the mostly used source of MSCs for dif-
ferent therapeutic applications [2]. Several mechanisms
are described to be involved in the therapeutic properties
of MSCs [3]. Although cell reconstitution is an essential
component of MSC-based therapy, the therapeutic effect of
MSCs is mainly a result of their potent immunoregulatory
ability [4]. Data from in vitro and pre-clinical models dem-
onstrate that MSCs suppress activated immune response
cells and thus ameliorate the severity of several differ-
ent experimental immune diseases. In complex human
studies, the immunomodulatory efficacy of MSC therapy
is, however, not well established [5]. As the molecular
mechanisms that mark MSC immunomodulation are not
fully resolved, it is of importance to define these effects
according to multiple immunobiological criteria [6]. A
network of regulatory pathways in parallel to the induction
of several regulatory immune cells, converge and compete
to establish a tolerogenic state conducive for immunomod-
ulation [7, 8]. BM-MSCs are known to induce proliferative
cytokinic and molecular immune-related changes [9]. Pro-
filing the immunoregulatory mediators that are potentially
involved in their effects will help to optimize MSC-based
therapy. Moreover, as we previously stated [10], exploring
MSC immunological profiles in response to inflammation
priming is important to ensure efficient and safe MSC-
based immunointervention approaches. The development
of an inflammatory environment follows any tissue injury
and MSCs are exposed to such stimuli in many clinical
conditions (e.g. graft-versus-host disease after allogeneic
stem cell transplantation). By sensing damaged signals,
MSCs migrate to the injured site where they participate
in tissue repair. These effects are mainly due to the sup-
pression of local aberrant immune reactions as well as the
promotion of resident cell’s biological functions through
synergistic upregulation of both prosurvival and anti-
inflammatory factors. This process is tightly regulated and
needs to be licensed by inflammation [11]. Based on gene
and protein profiling, several regulatory mediators such
as PGE 2 (through COX-1 and COX-2), LIF, HGF, Gal-1,
HO-1, IL-11, IL-8, IL-6 and TGF-p were differentially
expressed and modulated by BM-MSCs following inflam-
mation priming. BM-MSCs demonstrated thus a great
sensitivity to the inflammatory environment by properly
adjusting their immunological profile. Using inflammatory
priming to empower MSC immunotherapeutic potential is
of great importance for cell-based therapy.
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Materials and methods
Ethical guidelines

This study was conducted in accordance with the Declara-
tion of Helsinki (1964) and approved by the local ethics
committee.

Isolation and culture of BM-MSCs

Bone marrow samples were harvested from the sternum or
iliac crest of healthy donors after giving informed written
consent. The isolation procedure, culture condition and
characterization of BM-MSCs were performed as previ-
ously described [6] and thanks to LTCC (Laboratory of
Clinical Cell Therapy) assistance. Briefly, mononuclear
cells (MNC) were isolated by density gradient centrifu-
gation (LinfoSep, Biomedics, Madrid, Spain), washed
in Hank’s buffered salt solution (HBSS, LonzaEurope,
Verviers, Belgium) and seeded in culture flasks with Dul-
becco’s modified Eagle’s medium—Iow glucose (DMEM-
LG, Lonza) supplemented with 10% FBS (Sigma-Aldrich),
2 mM L-glutamine and 50 U/ml penicillin (both from
Lonza). Cell cultures were incubated at 37 °C in 5%
CO, and 95% humidified atmosphere. After 48 h, non-
adherent cells were removed by washing and medium was
changed twice a week. When subconfluency (80-90%)
was achieved, adherent cells were trypsinized (Lonza) and
expanded by replating at lower density.

BM-MSC characterization was achieved according to the
ISCT criteria and both immunophenotype and multilineage
potential were assessed as previously described [6]. Briefly,
the multiline age potential was confirmed by culturing
BM-MSCs in appropriate induction medium to assess their
adipogenic, osteogenic and chondrogenic differentiation
capacities. The immunophenotype was determined by flow
cytometry analysis using a panel of fluorochrome-labeled
monoclonal antibodies against membrane markers.

Inflammation priming of BM-MSCs

BM-MSCs were analyzed under both constitutive and
inflammatory primed conditions. Priming of BM-MSCs
was performed by treating cells (overnight) with a pro-
inflammatory cytokine cocktail containing IL-1f (Pepro-
tech, Rocky Hill, NJ, USA) (25 ng/ml), TNF-a (50 ng/
ml), IFN-a (3000 U/ml or 10 ng/ml) and IFN-y (1000 U/
ml or 50 ng/ml) (all from Prospec Inc., Rehovot, Israel).
After the priming, the medium was removed, the cells
were washed and became available for analysis.
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Quantitative real-time PCR (qRT-PCR)

Total RNA from each cell culture was extracted in a sin-
gle step using TriPure Isolation Reagent (Roche Applied
Science, Vilvoorde, Belgium). Complementary DNA
(cDNA) was obtained by means of reverse transcription
reaction of 1 pg RNA using qScript cDNA SuperMix
(Quanta Biosciences, USA) for 5 min at 25 °C, 30 min
at 42 °C and 5 min at 85 °C. To avoid potential DNA
contamination of our RNA samples, DNase (Promega,
Leiden, The Netherlands) treatment was performed. To
confirm the absence of DNA contamination, we included
a no-reverse transcriptase control during the reverse
transcription step. To control variations in input RNA
amounts, the GAPDH gene was used as a housekeeping
gene to quantify and normalize the results. Real-time
PCR was performed on an ABI Prism 7900HT Sequence
Detection System (Applied Biosystems, Rotterdam, The
Netherlands). We used 25 ng of cDNA in a real-time PCR
with SYBR Green PCR Master Mix (Applied Biosystems)
and 0.32 pumol/L of gene-specific forward and reverse
primers. The primers were designed with Primer Express
2.0 software (Applied Biosystems) or Probe Finder online
software (Roche) and sequences are provided in Table 1.
In all cases, dissociation curves were generated and the
specificity of the PCRs was confirmed. The compara-
tive AACt method was used for the data analysis. To
evaluate the fold change, data were normalized with the
GAPDH genes to obtain the ACt and were after calibrated
with the geometric mean of the GAPDH ACt to gener-
ate the AACt. Fold changes were then calculated as fold
change =2724C,

Table 1 qRT-PCR primers

ELISA procedures

The protein secretion profile of these immunoregulatory
genes was established by ELISA quantification, according
to the manufacturer’s instructions. Quantitative determina-
tion of PGE2, LIF, HGF, IL-11, IL-8, IL-6, TGF-p (all from
R&D Systems), and Gal-1 (Antigenix America Inc) was per-
formed using the cell supernatants whereas HO-1 (Enzo Life
Sciences) was assessed in cell lysates.

Statistical analysis

Data are expressed as mean + standard error of the mean
(SEM). A total number of seven (n="7) independent experi-
ment was performed for each assay. Statistical analysis was
performed by use of the Wilcoxon test for paired samples.
A value of P <0.05 was considered statistically significant.

Results and discussion

Due to their immunomodulatory properties, BM-MSCs
become an attractive and promising tool for different cell-
based immunotherapy strategies [2]. Distinct and complex
immunoregulatory mechanisms appear to be involved in
MSC effects [12]. MSCs are defined as environmentally
responsive cells as they are capable of responding to local
environmental stimuli with a myriad of beneficial inter-
ventions [13]. As such, inflammatory stimuli by critically
influencing their immunoregulatory behavior allow MSCs
to adequately respond to the context and thereby facilitate
the therapeutic issue [4]. Indeed, MSCs must be considered
as sensors and switchers of inflammation that are able to
adopt a pro-inflammatory or anti-inflammatory profile by

Transcripts Forward primer

Reverse primer

House-keeping

GAPDH AATCCCATCACCATCTTCCA TGGACTCCACGACGTACTCA
Immuno-regulatory

COX-1 CCTGCAGCTGAAATTTGACCCA ACCTTGAAGGAGTCAGGCATG

COX-2 GCTCAAACATGATGTTTGCATTC GCTGGCCCTCGCTTATGA

Gal-1 AAGCTGCCAGATGGATACGAA CGTCAGCTGCCATGTAGTTGA

HGF CAATGCCCTCTGGTTCCCCTT AGGCAAAAAGCTGTGTTCGTG

HO-1 TTCTCCGATGGGTCCTTACACT GGCATAAAGCCCTACAGCAACT

LIF TGAAAACTGCCGGCATCTGA CTGTGTACTGCCGCCAAGA

IL-11 CCTGTGGGGACATGAACTGT AGGGTCTGGGGAAACTCG

TGF-p GAGGTCACCCGCGTGCTA TGTGTACTCTGCTTGAACTTGTCATAGA
Cytokines

IL-6 AAATTCGGTACATCCTCGACGG GGAAGGTTCAGGTTGTTTTCTGC

IL-8 CTGTTAAATCTGGCAACCCTAGTCT CAAGGCACAGTGGAACAAGGA
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interfering with innate and adaptive immune responses
both in vitro and in vivo [14]. To mimic inflammation, a
cocktail of pro-inflammatory cytokines containing IL-1p,
TNF-a, IFN-a and IFN-y is usually used by our group as it
demonstrated its ability to alter several functions of MSCs
[15]. Indeed, inflammation priming of MSCs may influ-
ence their expression of cellular adhesion molecules, TLR
pattern and microRNA profile. These cytokines are those
mostly present at inflammatory sites where they act together
in modulating different cellular process [16]. Indeed, these
cytokines are known to cooperate in regulating the transcrip-
tion of a large number of genes important for inflammation
and immunoregulation [17, 18]. With this regard, we aimed
in this study to evaluate the regulatory transcriptome and
proteome of BM-MSCs as well as determine the impact of
inflammatory priming on these profiles.

First, a major issue in the field of cellular therapy is to
have a well-defined cell product. According to the Inter-
national Society for Cellular Therapy (ISCT) guidelines
[19], we determined the main characteristics of BM-MSCs
that are handled. Under microscopic observation, cells in
the culture were of fibroblastic-shape with the ability to
adhere to plastic culture dish. Inflammation priming had a
slight impact on the biology of BM-MSCs as demonstrated
by the maintenance of their viability and capacity of cell
adherence. Using both appropriate induction medium and
specific staining, these cells successfully differentiated
into osteoblasts, chondrocytes and adipocytes corroborat-
ing thus their multilineage potential (Fig. 1). It is generally
believed that MSC-based therapy not only provides a source
of cells with which to reconstitute a tissue (cell replace-
ment) but also regulates inflammation and ‘empowers’ other
cells (cell empowerment) to facilitate tissue repair. In the
microenvironment of injured tissues, many inflammatory
factors, including cytokines such as TNF-a, IL-1, IFN-y
can stimulate the release of a plethora of growth/angiogenic

Adipogenesis
B
il
g Pt of
e,

Fig.1 The differentiation potential of BM-MSCs. Representative
example of BM-MSC differentiation into adipocytes (adipogen-
esis), osteoblasts (osteogenesis) and chondrocytes (chondrogenesis),
respectively, demonstrated by the formation of lipid vacuoles (Oil
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Osteogenesis

factors (reviewed in [20]). These growth factors orches-
trate endothelial cells, fibroblasts as well as stem cells to
promote tissue regeneration and repair through enhancing
angiogenesis, inhibiting leukocyte transmigration and elicit-
ing intrinsic progenitor cell/stem cell differentiation [21]. As
supported by Ryan et al. [22], MSCs are able to avoid allo-
geneic rejection in humans and in animal models by at least
three broad mechanisms (non-immunogenic, modulation of
immune cells, creation of a suppressive microenvironment).
Thus, we have established the phenotype of BM-MSCs by
flow cytometry analysis of a panel of markers as recom-
mended by the ISCT. Flow cytometry analysis confirmed
that cells within culture were positive for CD73, CD90 and
CD105, but are negative for CD45, CD14, CD19, CD34 and
HLA-DR (Fig. 2). Inflammatory priming of BM-MSCs did
not alter this phenotype keeping thus the expression levels of
these markers unchanged. Indeed, BM-MSCs were negative
for CD34 expression as jointly stated by the International
Federation for Adipose Therapeutics and Science (IFATS)
and the ISCT. Highly variable, CD34 expression is mainly
linked to adipose tissue and its functions is still elusive [23,
24]. BM-MSCs were constitutively and highly positive for
the two main stromal cell-associated markers CD90 and
CD105 that guarantee MSC functionality [25, 26]. The ecto-
enzymes CD39 and CD73, mainly involved in the generation
of the regulatory adenosine, were distinctly expressed by
MSC:s and differentially associated with their immunomodu-
latory effects [27-29]. Concerning hematopoietic markers,
BM-MSCs did not show CD14, CD19 and CD45 expression
as required for safe and efficient cell-based therapy [30, 31].
After inflammatory challenge, BM-MSCs demonstrated only
CD40 induction that is in agreement with previous studies
[32, 33]. In particular, the expression of HLA-DR, which is
a marker of immunogenicity, was not induced after inflam-
matory priming of BM-MSCs [10]. In a recent study com-
paring the immunological characteristics of MSCs from

Chondrogenesis

Red O staining), the calcium mineralization (Alizarin Red staining)
and the synthesis of proteoglycans (Alcian blue staining). (Color fig-
ure online)
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Fig.2 The phenotype of BM-MSCs. Representative flow cytometry
histograms of the main marker used to define BM-MSCs according to
ISCT criteria. BM-MSCs were positive for CD105, CD73 and CD90
but negative for CD45, HLA-DR, CD34, CD14 and CD19

periodontal ligament, umbilical cord and adipose tissue, the
authors reported minimal expression of HLA-DR after cell
priming [34]. They suggest that MSCs pose minimal risk of
initiating an allogenic immune response when administered
in vivo. Indeed, MSCs are hypo-immunogenic as they lack
HLA class II and costimulatory molecule expression. Even
though CD40 expression is observed during inflammatory
priming, optimal stimulation of lymphocytes requires the
activation of the costimulatory pathway [35] that is tightly
regulated by a subset of inhibitory molecules [36]. Thus,

induction of CD274 (B7-H1 or PD-L1), known to nega-
tively regulate T-cell activation, is observed on MSCs in
an inflammatory setting [37]. These results demonstrated
that BM-MSCs, even in an inflammatory context, might be
considered non-immunogenic as they are not able to elicit an
immune response due to the lack of expression of the major
components involved in T-cell activation (antigen presenta-
tion, co-stimulation and cytokine secretion). Accordingly,
MSCs are not ‘immune privileged’ but should be considered
‘immune evasive’, which could be promoted by applying
strategies that induce MSC expression of immune-evasive
factors [38].

In parallel to this ‘immune evasive’ state that allows
MSC:s to be tolerated by the recipient host and not rejected,
these cells display strong immunomodulatory effects that
target the immunobiology of almost all immune cells. Sev-
eral regulatory molecules and factors have been described to
partially underline these mechanisms and are still to be more
defined [39]. In this study, we established a gene (Fig. 3)
and protein (Fig. 4) profiling of several immunoregulatory
mediators potentially involved in BM-MSC immunomodu-
lation. Under inflammatory conditions, MSCs are primed
to become more immunomodulatory in inhibiting immune
response by displaying a high level of immunoregulatory
factors (e.g. PGE2, Galectin, etc.). This potent secretome
is likely to work as a network where interdependent and
cross-regulated mechanisms co-exist in parallel to several
feedback loops competing altogether to establish a tolero-
genic state [7]. In the same time, these primed MSCs will
also secrete great amounts of cyto-protective molecules (e.g.
HO-1) and growth factors (e.g. HGF, TGF, etc.) which can
facilitate tissue repair through their effects on endothelial
cells and fibroblasts, as well as tissue progenitor cells, at
sites of damaged tissue [40]. The expression profile of PGE
2 (through COX-1 and COX-2), LIF, HGF, Gal-1, HO-1,
IL-11, IL-8, IL-6 and TGF-f as well as their modulation
were critically dependent on inflammation priming. Of
interest, the sensitivity of MSCs to inflammatory priming
seems to be source dependent as differences in the response
of MSCs have been reported. Separately, IFN-y and TNF-a,
differentially affected the immune properties of BM-MSCs
and Wharton’s jelly-MSCs (WJ-MSCs) [41]. Crop et al.
have revealed that priming of adipose tissue-derived MSCs
with a pro-inflammatory cytokine cocktail (IFN-y, TNF-a
and IL-6) altered their gene expression and function and, in
particular, induced expression of CD40 and MHC II [42].
As previously evidenced [43, 44], IFN-y has a significant
role in enhancing the immunomodulatory activity of differ-
ent types of MSCs as demonstrated by the increased secre-
tion of PGE2, IDO1, HGF and TGF-f. Immune responses
are bio-energetically expensive, requiring precise control
of cellular metabolic pathways. A metabolic pathway by
which MSCs may modulate immunity has been addressed

@ Springer
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to heme oxygenase-1 (HO-1) expression. HO-1 is an induc-
ible enzyme referred as a stress-responsive, cyto-protective
and immunoregulatory molecule. It confers homeostatic pro-
tection against various stress-related conditions through the
metabolism of free heme into labile iron, carbon monoxide
and biliverdin [45]. Although BM-MSCs presented a high
constitutive expression of HO-1, inflammatory priming had
no significant effect on this expression corroborating thus
the conflictual results regarding the contribution of HO-1 to
MSC immunomodulatory mechanisms [46].

Prostaglandins (PGs) are small molecule derivatives of
arachidonic acid, produced by cyclooxygenases (constitu-
tively active COX1 and inducible COX2) and prostaglandin
synthases. As an essential immunoregulatory factor, PGE2 is
involved in the regulation of different stages of the immune
response [47]. The expression profile COX-1 and COX-2 in
BM-MSCs was substantially different. Under constitutive
condition, BM-MSCs greatly expressed more COX-1 tran-
scripts than COX-2. Following inflammatory priming, the
expression of both cyclooxygenases was inverted as COX-1
was significantly down-regulated whereas that of COX-2 was
highly induced. However, the protein level of PGE2 secreted
by BM-MSCs, as quantified by ELISA, was substantially
increased by inflammation priming. Depending on T-cell
stimuli, immunomodulation by MSCs might be ascribed,
in part, to COX-derived PGE2 [48, 49]. Current research
indicates that galectins may also play important roles in the
immune response through regulating the homeostasis and
functions of the immune cells. Galectins are a family of ani-
mal lectins with affinity for beta-galactosides able to interact
with cell-surface and extracellular matrix glycoconjugates
through lectin—carbohydrate interaction [50]. Although the
expression of galectin was constitutively observed in our
settings, inflammation priming significantly up-regulated
such expression at both gene and protein levels. Indeed,
involvement of MSC-derived galectins in immunomodula-
tion is more complex than thought as different expression
profiles and activities have been highlighted [51]. Afterward
we evaluated the expression of the leukemia inhibitory factor
(LIF), a pleiotropic cytokine linked to the immune toler-
ance at the maternal—fetal interface [52]. Within BMMSC:s,
the moderate expression of LIF as observed in basic condi-
tion was highly enhanced following inflammatory priming.
In agreement with Nasef et al., LIF may be involved as an
accessory factor to support MSC immunodulation process
[53].

Transforming growth factor f (TGF-f) and hepatocyte
growth factor (HGF) are among the first immunoregulatory
molecules that were demonstrated to actively contribute to
MSC inhibition of T-cell response [54]. TGF-p and HGF
are pleiotropic factors with abilities to regulate several cel-
lular process such as cell growth and differentiation but
also to control immune homeostasis [55, 56]. BM-MSCs

constitutively expressed HGF and TGF-f but at different lev-
els. After inflammatory priming, the expression of HGF was
significantly increased whereas that of TGF-$ was down-
regulated. A previous research indicated that these two mol-
ecules synergistically cooperate to induce T-cell suppression
[54]. However, a study has found that MSC-derived TGF-f
reduces inducible NO synthase expression, therefore, pro-
moting an immune response [57].

This immune homeostasis is harmonized by the direct
interactions between immune cells and the cytokine environ-
ment. Cytokines affect T-cell activation and differentiation,
and in turn regulate immunity and immune tolerance [58].
We observed that the expression profile of cytokines (IL-6
and IL-11) and chemokines (IL-8) by BM-MSCs was differ-
ent. Although presenting basic elevated expression of IL-11
and IL-8, the expression of IL-6 was the most pronounced.
Inflammation priming substantially up-regulated the gene
transcription and protein translation of these cytokines and
chemokines demonstrating thus their importance in MSC
immunomodulation. Functional pleiotropy and redundancy
are characteristic features of cytokines, which include inter-
leukins, chemokines, and many growth factors. IL-6 is a
cytokine not only involved in inflammation and infection
responses but also in the regulation of metabolic, regenera-
tive, and neural processes [59]. IL-6 has context-dependent
pro- and anti-inflammatory properties and is now regarded
as a prominent target for clinical intervention [60]. There is
considerable secretion changes from MSCs in response to
inflammatory stimuli indicating that their secretion profile
is tightly regulated by environmental challenges [61]. The
dual ability of MSCs to either sustain or suppress T-cell
proliferation was associated with IL-6 secretion and should
be considered in the context of clinical applications [62].
IL-11, a member of the IL-6 cytokine family, exerts pleio-
tropic activities and is generally considered to be an anti-
inflammatory cytokine, with the capacity to regulate differ-
ent immune effector cells [63].

Previous observations demonstrated that IL-11 like MSCs
attenuates GVHD (graft versus host disease) while preserves
the GVL activity in an experimental model of bone mar-
row transplantation (BMT) arguing that the effects of MSCs
might be mediated through the secretion of IL-11 [64—66].
It is now well recognized that chemokines, together with
adhesion molecules, are master controllers of lymphocyte
migration and recruitment to inflammatory sites [67]. Par-
ticularly in inflammatory settings, the production of high
level of chemokines such as IL-8 and CCLS5 favors and pro-
motes lymphocyte homing and retention in the surroundings
of MSCs facilitating, thus, their immunomodulation [68].

Surprisingly, IFN-y priming of human umbilical cord-
derived MSCs (hUC-MSCs) induced enhanced protective
effects against trinitrobenzene sulfonic acid (TNBS)-induced
colitis in mice while TNF-a had no impact [69]. A previous
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study showed that IL-17 acts synergistically with IFN-y and
TNF-a to enhance immunosuppression by MSC in mouse
models of hepatitis in an iNOS-dependent manner [70].
However, Sivanathan et al. [71] stated that IL-17A priming
of MSCs (MSC-17) represents a novel immunomodulatory
strategy and an alternative to IFN-y in enhancing the immu-
nosuppressive properties of MSCs while retaining them
in an inert immunogenic state. MSC-17, unlike MSC-y,
showed no induction or upregulation of MHC class I, MHC
class II, and T-cell costimulatory molecule CD40 that may
negatively affect their fate in vivo. More importantly, in con-
trast to MSC-y, lymphocyte inhibition by MSC-17 involved
a distinct mechanism as it was correlated with increased
IL-6 but not with IDO1, COX-1, and TGF-f.

Conclusions

Finding the suitable way to enhance the recruitment of
MSCs and potentiation of their effector mechanisms will be
of great interest to improve the efficiency of MSC therapy
[72]. As demonstrated, MSCs actively respond to inflamma-
tion and properly adjust their immunoregulatory repertoire.
Accordingly, priming with inflammatory cocktail should be
used during MSC preparation to promote their regulatory
fate and thus allow the selection of highly therapeutic MSCs.
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