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Abstract— Introduction: Mesenchymal stem cells (MSCs) show great promise in regenerative medicine. Clinical
applications of MSCs have recently increased significantly, especially for immune diseases. Autologous transplantation
is considered a safe therapy. However, its main disadvantages are poor stability and quality of MSCs from patient to
patient, and labor-intensive and time-consuming culture procedures. Therefore, allogeneic MSC transplantation has
recently emerged as a potential replacement for autologous transplantation. “Off the shelf” MSC products, or so-
called “stem cell drugs”, have rapidly developed; these products have already been approved in various countries,
including Canada, Korea and Japan. This study aims to evaluate a new stem cell product or “drug”, termed
Modulatist™, derived from umbilical cord mesenchymal stem cells (UCMSCs), which have strong
immunomodulatory properties, compared to bone marrow-derived MSCs (BMMSCs) or adipose tissue-derived stem
cells (ADSCs). Methods: Modulatist™was produced from MSCs derived from whole umbilical cord (UC) tissue
(which includes Wharton’s jelly and UC), according to GMP compliant procedures. Bone marrow- and adipose
tissue-derived MSCs were isolated and proliferated in standard conditions, according to GMP compliant procedures.
Immunomodulation mediated by MSCs was assessed by allogenic T cell suppression and cytokine release; role of
prostaglandin E2 in the immunomodulation was also evaluated. Results: The results showed that Modulatist™
exhibited stronger immunomodulation than BMMSC and ADSC in vitro. Modulatist™ strongly suppressed allogeneic
T cells proliferation and decreased cytokine production, compared to BMMSCs and ADSCs. Conclusion:
Modulatist™ is a strong immunomodulator and promising MSC product. It may be useful to modulate or treat
autoimmune diseases.

Keywords: Modulatist™, mesenchymal stem cell, cytokines, immunomodulation, T cell suppression, stem cell
drug, immune diseases.

INTRODUCTION research and clinical applications, there are now

alternative sources of MSCs, including adipose
tissue-derived stem cells (ADSCs) and umbilical
cord-derived mesenchymal stem cells (UCMSCs).
ADSCs were first isolated from adipose tissue by

adipose tissue (Van Pham et al., 2014), umbilical Zuk et al. (2001) (Zuk et al,, 2001). To date, ADSCs
cord (UC) blood (Sibov et al., 2012), UC (Van Pham

et al.,, 2016), Wharton’s jelly (Ducret et al., 2016), and
other tissues (Ducret et al., 2016; Pelekanos et al.,
2016; Sharpe, 2016). Although, bone marrow-derived
MSCs (BMMSCs) are a popular source of MSCs for

Mesenchymal stromal cells (MSCs) are multipotent
progenitors derived from different sources,
including bone marrow (BM) (Pham et al., 2014),

are among the most popular forms of MSCs in
clinical research studies. UCMSCs have also made
great strides; unlike adipose tissue and BM, UC
contains various compartments of stem cells, such as
in cord-lining membrane, Wharton’s jelly, cord vein,
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and blood. Studies have shown that MSCs can be
successfully isolated from whole UC or from each
compartment (Bieback and Netsch, 2016; Lim and
Phan, 2014; Raoufil et al., 2015; Watson et al., 2015;
Zhang et al., 2011). The isolated MSCs successfully
differentiate into various functional cells, including
adipocytes, osteoblasts, and chondroblasts, and also
successfully transdifferentiate into hepatic-like cells,
neuron-like cells, and cardiomyocytes. Moreover,
MSCs are potent at immunomodulation (i.e. the
ability to modulate the immune system).

Immunomodulation by MSCs was discovered more
than 10 years ago (Bartholomew et al., 2002). One
example of MSC-mediated immunomodulation is the
capacity of MSCs to inhibit immune cell proliferation.
Mechanisms of immunomodulation have been related
to cytokine production by MSCs. Due to their ability
to modulate immune responses, MSCs have
increasingly been studied in the clinic for immune-
related diseases, especially graft-versus-host disease
(GVHD). The first stem cells (Prochymal™) were BM-
derivedallogenic MSCs, and were approved in 2012 in
Canada. Now, several countries are using
Prochymal™ to manage GVHD (Chen et al, 2014;
Kurtzberg et al., 2014; Prasad et al.,, 2011). Recently,
another form of MSCs was approved in Japan for
GVHD (Konishi et al., 2016).

MSCs exert immunosuppressive effects in vitro
through the regulation of different immune cells.
MSCs can suppress lymphocyte activation and
proliferation induced by cellular or mitogenic stimuli.
In addition to T cells, some studies have shown that B
cells, natural killer (NK) cells, and dendritic cells
(DCs) are also suppressed by MSCs. Both cell-cell
contact and soluble factors from MSCs can participate
to modulate immune responses. Essential soluble
factors for MSC-mediated immune modulation are
hepatic growth factor (HGF), transforming growth
factor-b (TGF-b), interleukin (IL)-10, prostaglandin E2
(PGE2), and human leukocyte antigen (HLA) G5.

To meet the increasing desire for “off-the-shelf” stem
cell drug production, Modulatist™ cells/products (i.e.
Modulatists) were produced from entire UC tissue
culture; by this method MSCs could be collected from
all compartments of UC tissue. This study aimed to
evaluate immunomodulation mediated by
Modulatists and to compare it to that of BMMSCs and
ADSCs. These results from this study provide useful
insight for the role and application of Modulatist™cell
products in the clinic.
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MATERIALS AND METHODS

Modulatist cell thawing and subculture

Modulatist™ cells (i.e. Modulatists) were produced
and cryopreserved by Regenmedlab (Regenmed Co.
Ltd., HCM, Vietnam). Modulatists are stem cells
derived from whole UC tissue culture under fetal
bovine serum (FBS)-free culture medium. Briefly, after
primary culture, the stem cells were continuously
subcultured up to the 5% passage (to obtain
Modulatists), at which point the cells could be
cryopreserved. For all studies, cryopreserved
Modulatistswere rapidly thawed by immersing the
vials into a waterbath at 37°C for 1 min. Then, cells
were collected by centrifugation at 1800 rpm/min for 5
min. The pellet was resuspended inFBS-free medium
(MSCCult Clinic Completed, Regenmedlab Co. Ltd,
HCM, Viet Nam) and cultured in an incubator at 37°C,
5% CO..

BMMSC isolation from BM

BMMSCs were isolated according to a previously
published protocol (Pham et al., 2014). Briefly, bone
marrow cells were loaded on Ficoll-Hypaque (1.077
g/mL; Sigma-Aldrich, St Louis, MO, USA) and the
samples were centrifuged at 3000 rpm for 30 min.
Mononuclear cells (MNCs) were collected from the
interphase. Collected MNCs were washed twice with
PBS and then resuspended in MSCCult Clinic
Complete Medium (Regenmedlab Co. Ltd). These
primary cells were then subcultured to the 5t passage
and used for experiments.

ADSC isolation

ADSCs were isolated following the published protocol
(Van Pham et al.,, 2014). Briefly, adipose tissue was
digested by collagenase using the ADSC Extraction kit
(Geneworld Ltd, HCM, VN). The stromal vascular
fractions (SVFs) were then resuspended into MSCCult
Clinic Completed Medium (Regenmedlab Co. Ltd).
These cells were then sub-cultured to the 5™ passage
and used for experiments.

Immunophenotyping by flow cytometry

Cell markers were analyzed following a previously
published protocol (Pham et al., 2014). Briefly, cells
were washed twice in PBS containing 1% bovine
serum albumin (Sigma-Aldrich, Louis St, MO). The
cells were then stained with anti-CD14-FITC, anti-
CD34-FITC, anti- CD44-PE, anti-CD45-FITC, anti-
CD73-FITC, anti-CD90- PE, anti-CD105-FITC, or anti-
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HLA-DR-FITC antibody (all antibodies were
purchased from BD Biosciences, San Jose, CA, USA).
Stained cells were analyzed by FACSCalibur flow
cytometer (BD Biosciences). Isotype controls were
used in all analyses.

In vitro differentiation

For differentiation into adipogenic cells, MSCs were
differentiated as previously described (Pham et al.,
2014). Briefly, cells from the 5" passage were plated at

a density of 1><1O4 cells/well in 24-well plates. When
cells reached 70% confluency, they were cultured for
21 d in DMEM/F12 containing 0.5 mmol/L 3-isobutyl-
1-methyl-xanthine, 1 nmol/L dexamethasone, 0.1
mmol/L indomethacin, and 10% FBS (all purchased
from Sigma-Aldrich). Adipogenic differentiation was
evaluated by observing lipid droplets in cells, stained
with Oil Red, under a microscope.

For differentiation into osteogenic cells, BM- MSCs

were plated at a density of 1x10% cells/well in 24- well
plates. At 70% confluence, cells were cultured for 21 d

in DMEM/F12F12 containing 10% FBS, 10_7mol/L
dexamethasone, 50 pmol/L ascorbic acid-2 phosphate,
and 10 mmol/L p-glycerol phosphate (all purchased
from Sigma-Aldrich). Osteogenic differentiation was
confirmed by Alizarin red staining.

Mixed lymphocyte reaction (MLR) and CD38
counting

To evaluate the effects of MSCs on
phytohaemagglutinin  (PHA)-stimulated allogeneic
PBMC proliferation, freshly isolated PBMCs (1 x

105/well) were stimulated with 2.5 pg/ml PHA
(Sigma-Aldrich) and added to MSCs cultures,
previously seeded and treated with Mitomycin C.
Cultures of unstimulated and PHA-stimulated PBMCs
seeded without MSCs were used as controls. On day
2, cultures were collected and stained with anti-CD38
monoclonal antibody (BD Bioscience, San Jose) for the
final 24 h of culture. The level of proliferation was
measured by evaluating the ratio of CD38 positive
cells. In some experiments, exogenous PGE2 or PGE2
synthesis inhibitors (indomethacin or NS-398) were
added to the culture system. All experiments were
performed in triplicate.

ELISA for quantification of human cytokines

Cell-free supernatants were collected and kept frozen
at —80°C until assayed for cytokine concentrations by
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enzyme- linked immunosorbent assay (ELISA). ELISA
kits for IL-1§3, IFN-y, IL-2, PGE2 and TNF-a were used
following the supplier's instructions (Abcam,
Cambrigde, UK).

Statistical analysis

The data were analyzed for statistical significance
using GraphPad Prism software. Data were presented
as mean + SEM. When applicable, a Student's
unpaired t-test and one-way ANOVA were used to
determine significance, p<0.05 was considered to be
statistically significant.

RESULTS

Modulatists, BMMSCs, and ADSCs express the
MSC phenotype

Modulatists, BMMSCs, and ADSCs all exhibited the
MSC phenotype, according to features reported by
Dominici et al.(Dominici et al., 2006). The cells were
positive for MSC surface markers (CD44, CD73, CD90,
and CD105)and negative for non-MSC markers (CD14,
CD45 and HLA-DR). There was minimal difference in
expression levels of the positive markers in the 3
groups (Modulatists, BMMSCs, and ADSCs) and all
groups were able to successfully differentiate into
osteoblasts, chondroblasts, and adipocytes (Fig. 1).

The differentiated osteoblasts from Modulatists,
BMMSCs and ADSCs were stained with alizarin red
dye (and were positive), while adipocytes were
stained with Oil red. To confirm the differentiation
into chondroblasts, Safranin O staining was used;
staining was positive. All results were similar to the
previous publications (Pham et al., 2014; Van Pham et
al., 2016; Van Pham et al., 2014).

Lymphocyte proliferation assay by flow cytometry

ADSCs, BMMSCs, and Modulatists efficiently
inhibited T cell proliferation (Fig. 2). Compared to
with controls (without MSCs), in both 1/40 and Y4
ratios of MSC/T cells, ADSCs, BMMSCs and
Modulatist suppressed the T cell proliferation (based
on CD38 positive cells). In the control, CD38 positive
cells accounted for about 40% in the samples.
However, these ratios clearly reduced in condition
with ADSC, BMMSCs and Modulatist co-culture
(37.66+3.06%, 34+1.73%, 24+5.57% in ratios of 1/40 of
MSC/T cells for ADSCs, BMMSCs and Modulatist
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respectively; 20.67+4.04%, 17.33+2.52%, 12.33+2.52% in
ratios of Y4 of MSCs/T cells; for ADSCs, BMMSCs and
Modulatist respectively). The results also showed that
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the T cell proliferation was reduced stronger in
Modulatist more than in ADSCs and BMMSCs
(p<0.05) (Fig. 2).

B Modulatist

CD34 CD44 CD45 CD73 CD9 CDI105S HLADR

Markers

Figure 1. Modulatists, BMMSCs and ADSCs express the MSC immunophenotype.
Modulatists (A), BMMSCs (B) and ADSCs (C) were positive for CD44, CD73, CD90 and CD105, and negative for CD34, CD45, and
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Figure 2. Allogenic T cell proliferation was suppressed by MSCs.
Modulatists suppressed T cell proliferation to a greater extent than BMMSCs and ADSCs.

Analysis of cytokines released by the MSC

The supernatants from PHA-stimulated lymphocytes
without MSCs, and PHA-stimulated lymphocytes
mixed with MSCs were analyzed for cytokines. The
cytokines included IFN-gamma, IL-1 beta, IL-2, and

TNF-alpha. The results showed that the supernatant
from all groups contained all these cytokines, with the
highest amounts found in the PHA-stimulated
lymphocytes cultured without MSCs. The cytokine
concentrations measured in the PHA-stimulated
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lymphocyte supernatants were 106.7+20.82 pg/mL for
IFN-gamma, 393.7+40.87 pg/mL for TNF-alpha, 40+10
pg/mL for IL-1 beta, and 35+5 pg/mL for IL-2 (Fig. 3).

The concentrations of these cytokines became strongly
reduced in supernatants of PHA-stimulated
lymphocytes that were mixed with MSC cells. The
cytokine concentrations were 52+2.65, 26.67+2.52, and
17.33+2.52 pg/mL IFN-gamma, 203.7+25.7, 102+18.08,
and 4945.67pg/mL TNF-alpha, 22+2.65, 9.67+1.53, and
10.33+1.53 pg/mL IL-1 beta, and 15.67+2.08, 6.67+1.53,
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and 9+1 pg/mL IL-2 in supernatants of PHA-
stimulated lymphocytes mixed with ADSCs,
BMMSCs, and Modulatists, respectively. Overall,
these results show that Modulatists produce these
cytokines at a significantly lower level than that of
ADSCs, and that Modulatists produce IFN-gamma
and TNF-alpha at a significantly lower level than do
BMMSCs (p<0.05) (Fig. 3).
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Figure 3. Cytokines produced and released by PHA-stimulated lymphocytes mixed with or without MSCs.
MSCs markedly reduced the production of IFN-gamma (A), TNF-alpha (B), IL-1 beta (C) and IL-2 (D), compared to cultures without
MSCs. The results show that Modulatists strongly inhibit the production of these cytokines, and to a greater extent than that of
BMMSCs and ADSCs.

Prostaglandin E2 plays important roles in
immunomodulation of MODULATIST™

To evaluate the roles of PGE2 in immunomodulation,
we neutralized the effects of PGE2 by indomethacin.

The results showed that allogenic T cell proliferation
significantly increased in samples with indomethacin.
In the groups without indomethacin, compared to
control (no MSCs), ADSCs, BMMSCs and Modulatists
all significantly suppressed allogenic T cell
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proliferation (Fig. 4). The allogenic T cell proliferation
achieved was 45+5%, 30+5%; and 25+5% in ADSC,
BMMSC and Modulatist groups, respectively,
compared to 100% in control (without MSCs) (p<0.05).

In the indomethacin treatment group, MSCs
significantly reduced their suppression of allogenic T
cells. The allogenic T proliferation was 75+5%, 60+5%,
and 62+7.2% in ADSC, BMMSC and Modulatist

Biomed Res Ther 2016, 3(6): 687-696

groups, respectively, compared to 100% in control
(without MSCs). Compared to mo indomethacin’
treatment, the percentages were significantly different
(45+5% vs 75+5% in ADSCs, 30+5% vs 60+5% in
BMMSCs, and 25+5% vs 62+7.2% in Modulatist,
respectively (p<0.05). These results show that
indomethacin reduced the suppressive potential of
MSCs on allogenic T cells (Fig. 4).
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Figure 4. T cell suppression potential of ADSCs, BMMSCs, and Modulatists with or without indomethacin treatment.
Indomethacin actively affected the suppressive potential of MSCs. In the indomethacin treatment condition, MSCs showed a strong
reduction in their ability to inhibit T cell proliferation.

We measured the PGE2 concentration in the
supernatants of Modulatist culture by ELISA. The
results showed that under the stimulating conditions
(with or without PHA), Modulatists produced and
secreted PGE2 into the supernatant. The PGE2
concentration was dependent on the Modulatist cell
concentration. In fact, the PGE2 concentration
gradually increased according to the increase of
Modulatist cell concentrations (103, 5.103, or 2.10* cells)
in PHA treatment; PGE2 concentrations were 12+2.65,
230430, 646.67+50.33, and 793.33+40.42 ng/mL in 0, 103,
5x103, and 2x10¢ Modulatist cell concentration,
respectively. This trend was similar for ‘no PHA’
treatment; PGE2 concentrations were 61,

106.67+20.82, 300450, and 420+26.46 ng/mL in 0, 103,
5x103, and 2x10¢ Modulatist cell concentration,
respectively).

When indomethacin was added to the culture,
Modulatists could not produce PGE2; the cytokine
was barely detectable in the supernatant (20+10 and
6.66+2.89 ng/mL PGE2, for ‘with PHA’ and ‘without
PHA’, respectively) (Fig. 5). Notably, PGE2 was
produced in the manner that coincided with T cell
proliferation. In the PHA treatment group, PHA
stimulated allogenic T cell proliferation, and in this
group, PGE2 from Modulatists were also produced at
a higher amount than that in ‘without PHA’ condition
(p<0.05).
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Figure 5. The role of PGE2 in immune modulation of Modulatist™.
Indomethacin neutralized the effects of PGE2 and reduced the inhibition of Modulatist on peripheral blood mononuclear cell
(PMNC) proliferation.

Discussion

Stem cell therapy has become a promising therapy for
certain degenerative diseases. Although autologous
stem cell transplantation holds some advantages,
including safety of approach and reduction of virus or
disease transmission; it also has disadvantages,
namely the uncertainty of stem cell quality. Several
studies have shown stem cell quality significantly
decreases in older patients, and under certain
conditions (Beane et al., 2014; Nakamura et al., 2016).
Therefore, allogeneic stem cell therapy is regarded as
a considered as suitable alternative to autologous
transplantation. In this study, we evaluated the
immunomodulation of stem cell drug that produced
from umbilical cord tissue (Modulatist).

Immunomodulation is defined as selective
suppression of the immune system (via certain
immune cells), while stimulating regulatory T cell
(Treg) activity (Gea-Banacloche, 2006). The
immunomodulatory  property of MSCs were
discovered more than a decade ago (Bartholomew et
al.,, 2002; Gotherstrom et al.,, 2003; Le Blanc et al.,
2003). Immunomodulation of MSCs can occur via
different mechanisms; the most common mechanism
occurs via cytokine signals (released by MSCs); the
cytokines include IFN-gamma, TNF-alpha, IL-1 beta,
and IL-2 (De Miguel et al., 2012; English, 2013; Yagi et

al., 2010). These cytokines efficiently inhibit T cell
proliferation. The immune modulation of Modulatists
in our study was seen to be significantly more potent
than that of BMMSCs and ADSCs. Therefore,
Modulatists cells can be produced as a “stem cell
drug” for immune diseases, especially for
autoimmune disease where immune cell activity is
overly activated and may need to be dampened.

In the first assay, we identified and confirmed
Modulatists as MSCs. Indeed, Modulatists satisfied
the criteria of MSCs (as did BMMSCs and ADSCs);
they exhibited a fibroblast-like shape when cultured
under adherent conditions, they exhibited an MSC
marker profile (expression of CD44, CD73, CD90 and
CD105), and they were negative for hematopoietic cell
markers (e.g. CD14 and CD45). Similar to BMMSCs
and ADSCs, Modulatists did not express HLA-DR.
Modulatists, BMMSCs, and ADSCs were capable of
differentiating into adipocytes, osteoblasts, and
chondroblasts. Overall, based on previously published
publications (Pham et al.,, 2014; Van Pham et al., 2014;
Vu et al., 2015) and the minimal criteria for MSCs, as
suggested by Dominici et al. (Dominici et al., 2006), it
was confirmed that Modulatistswere indeed MSCs.

The immune modulation of Modulatistwas confirmed
by their strong suppression of T cell proliferation.
Based on the allogenic T cell proliferation assay,
Modulatists showed stronger suppression than
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BMMSCs or ADSCs. This result was supported by
cytokine concentration measurements of mitogen-
stimulated lymphocytes mixed with Modulatists,
BMMSCs, or ADSCs. Although, all 3 groups of MSCs
inhibited production of IFN-gamma, TNF-alpha, IL-1
beta and IL-2, the Modulatist cells showed a more
significant impact on reduction of cytokine levels.

To address how MSCs suppressed lymphocyte
proliferation, we proceeded to evaluate MSC-
mediated lymphocyte proliferation in two conditions:
with or without indomethacin. Indomethacin is a
nonsteroidal anti-inflammatory drug that inhibits the
production of prostaglandins, including PGE2 (Hart
and Boardman, 1963; Kelly, 1964). In the presence of
indomethacin, lymphocyte proliferation was stronger
in culture medium without indomethacin. This result
shows that indomethacin interfered with MSC-
mediated suppression of lymphocytes. The results
also indicate that the suppression of MSCs is
associated with or mediated by PGE2, which has been
previously observed for UCMSCs (Kim et al., 2015; Yu
et al,, 2014). However, many published publications
have also suggested the role of other factors (TGEF-
beta, HGF, PGE2, NO, and IDO) in immune
modulation by MSCs (Ma et al, 2014;
Soleymaninejadian et al., 2012; Zhao et al., 2016).

To confirm the role of PGE2 in MSC-mediated
immune modulation, we measured the concentration
of PGE2 in the supernatants derived from co-culture
of Modulatists with lymphocytes in 2 conditions: with
or without PHA at varying cell concentrations of
Modulatist. PGE2 in the supernatant significantly
decreased in indomethacin-supplemented culture.
Moreover, PGE2 concentration changed, according to
the dose (i.e. cell concentration) of Modulatist. These
results demonstrate that PGE2 is the main factor
related to suppression of lymphocyte proliferation.

Modulatists are MSCs derived from whole UC
culture. Therefore, they contain MSCs from both
Wharton’s jelly and UC tissue. This also means that
Modulatists are a heterogenous MSC population that
exhibits properties of both UCMSCs and Wharton's
jelly-derived MSCs (WJMSCs). As suggested in some
previous studies, both UCMSCs and WJMSCs are
great prototypes of MSCs with strong immune
modulation and low immunogenicity (Barcia et al.,
2015; Li et al.,, 2014; Weiss et al., 2008). Barcia et al.
(2015) demonstrated that UCMSCs were less
immunogenic and showed higher

Biomed Res Ther 2016, 3(6): 687-696

immunosuppressive activity than BMMSCs (Barcia et
al., 2015). In fact, Barcia et al. showed that UCMSCs,
compared to BMMSCs, show decreased expression of
HLA-DRA, HO-1, IGFBP-1, -4 and -6, ILR1, IL6R, and
PTGES; however, they show increased expression of
CD200, CD273, CD274, IL1B, IL-8, LIF and TGFB2
(Barcia et al., 2015). WJMSCs are also a great source of
MSCs; several previous publications have shown that
WJMSCs exert strong suppression on lymphocyte
proliferation and have low immunogenicity (Weiss et
al., 2008; Zhou et al., 2011). In a recent study by Li et
al. (2014), the immune modulation of 4 cell
populations (BMMSCs, ADSCs, placenta-derived
MSCs and WJMSCs) were compared (Li et al., 2014).
The study concluded that WJMSCs have the strongest
immunomodulatory and immunosuppressive
potential, as compared to BMMSCs, ADSCs, and
placenta-derived MSCs (Li et al., 2014). In another
study, MSCs from several compartments of UC were
isolated (Subramanian et al, 2015). The study
compared MSCs derived from amnion (AM),
subamnion (SA), perivascular (PV), Wharton's jelly
(WJ]) and mixed cord (MC) of five UCs. The results
suggested that MSCs from W] are superior than those
from PV, SA, AM and MC, in terms of clinical utility
and research value. The advantages of WJMSCs
included simple isolation procedure, fewer non-SC
contaminants, stemness characteristics, high cell
production with minimal manipulation, and strong
differentiation potential.

Modulatists are MSCs derived from the entire UC,
selected using certain specific procedures to isolate
and obtain the cells with strongest
immunomodulation potential. Our study shows that
Modulatists have a strong immunomodulation
capacity, greater than BMMSCs and ADSCs. Given
their immunomodulatory properties,Modulatists™are
a promising source of “off-the-shelf” allogenic MSCs
for treatment of immune diseases, such as
autoimmune diseases.

CONCLUSION

UC tissue-derived MSCs (Modulatist™) exhibited the
standard MSC phenotype; the Modulatist cells
expressed the appropriate mesenchymal stem cell
markers and profile, and could successfully
differentiate into osteoblasts, chondroblasts, and
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adipocytes. Although Modulatists had a similar
phenotype to BMMSCs and ADSCs, they
demonstrated a significantly stronger
immunomodulation potential and activity.
Modulatists efficiently inhibited mitogen-stimulated
lymphocyte proliferation and inhibited the production
of pro-inflammatory factors (IFN-gamma, TNF-alpha,
IL-1 beta and IL-2). The suppression of lymphocyte
proliferation was mainly dependent on PGE2. In fact,
production of PGE2 by Modulatists was associated
with activity level of lymphocytes. These findings
suggest that Modulatists are excellent candidates for
treatment of immune diseases, such as autoimmune
diseases.
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