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Mesenchymal stem cells (MSC) are a widely used population in cell therapy for their ability to differentiate into distinct tissues and
more lately, for their immunomodulatory properties. However, the use of heterogeneous populations could be responsible for the
nondesired outcomes reflected in the literature. Here, we analyse the different capacities of five one-cell-derived MSC clones to exert
their immunomodulation ex vivo. We assessed proliferation assays in cocultures of MSC clones and purified cluster of
differentiation (CD)3", CD4", or CD8" lymphocytes; analysed the regulatory T (Treg) cells fold change rate; determined the
effects on viability of peripheral blood mononuclear cells (PBMC); and also measured the coculture cytokine profiles (Th1/Th2).
Conditioned media (CM) of different clones were also used to perform both proliferation assays and to analyse Treg fold
change. The five clones analysed in this work were able to generate heterogeneous environments. Different clones inhibited
proliferation of CD3" and CD4" lymphocytes, with different intensities. Surprisingly, all clones promoted proliferation of CD8"
lymphocytes. Different MSC clones and their CM were able to increase the number of Treg with different intensities. Finally,
different clones also promoted different effects on the viability of PBMC treated with ultraviolet light. Considering all these data
together, it seems that different clones, even from the same donor, can promote a wide spectrum of responses from anti-
inflammatory to proinflammatory character. This fact may be important to standardise the design of personalized cell therapy
protocols, thus diminishing the aforementioned undesired outcomes existing nowadays in this type of therapies.

1. Introduction

Mesenchymal stem cells (MSC) are stem cells that can be
isolated from tissues of adult organisms. They were discov-
ered by Friedenstein et al. [1-3] in the late 70’s in the bone
marrow of mice and guinea pigs, and since then, they have
been isolated from numerous tissues, such as the umbilical
cord [4], dental pulp [5], and adipose tissue [6, 7], among
many others. These MSC are a cell type with great potential
for cell therapy, as well as for the treatment of autoim-
mune/autoinflammatory diseases [8]. This potential lies in
the possibility of isolating them from the adult organism,
diminishing their ethical implications; in their ability to dif-
ferentiate into osteogenic [9], adipogenic [10], and chondro-
genic [11] lineages; in the possibility to be transdifferentiated

into other cell types, such as neurons [12]; in their medium-
low expression of major histocompatibility complex (MHC)
class I and MHC class II [13], which allows their use in
allogeneic therapies [14], and finally, in their immunomodu-
latory properties, which promote, among other responses, an
inhibition of most immune cell types function [15], as well as
an increase in the number and activity of regulatory T cells
(Treg) [16].

The mechanisms by which MSCs exert their immuno-
modulatory effects involve a multitude of soluble factors
[17] and cell-to-cell contact [18], although the degree of con-
tribution of each of these factors in such immunomodulation
remains a matter of debate nowadays. Moreover, this immu-
nomodulation has been studied mostly on total PBMCs, with
only a few studies carried out on specific lymphocyte
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populations, such as CD3, CD4, or CD8 lymphocytes. In
addition, the heterogeneity of MSC [19], their multiple ori-
gins, the differences in isolation methods, and the absence
of a single marker that allows us to correctly identify them,
may be ultimately responsible for the wide range of published
outcomes [20, 21].

In our previous work [22], we used clonal populations of
MSC, derived from adipose tissue, previously isolated using
cloning rings [23], in order to homogenize the population
as much as possible. In that work, we demonstrated the dif-
ferent capacities of MSC clones to exert immunosuppression
on total PBMC populations; secrete different cytokines with
or without stimulation; and show different intensities and
percentages of expression of the markers generally used to
identify them, like cluster of differentiation (CD)44, CD73,
CD90, and CD105, and different gene methylation profiles
related to cytokine signalling of each one of the clones.

In this work, we delve deeper into the study of these
clones, analysing their effect on purified populations of
T lymphocytes, the cytokine environment resulting from
cocultivation with PBMC, the ability of clones to modify
the Treg population, the effect of CM on PBMC and Treg
proliferation, and finally, the effect of these clones on the
viability of PBMC exposed to proapoptotic stimuli.

2. Materials and Methods

2.1. Cells and Reagents. All procedures involving human cells
were approved by the University of Alicante Ethics Commit-
tee. PBMC were obtained by centrifugation in the density
gradient in Ficoll-Hypaque (GE Healthcare, Chalfont, St
Giles, UK) from the antecubital vein of 57 healthy volunteers.
Total T lymphocytes, as well as T helper (Th) and T cytotoxic
(Tc) cell subpopulations, were purified by incubating the
PBMC with the RosetteSep Human T Cell Enrichment
Cocktail, RosetteSep Human CD4" T Cell Enrichment
Cocktail, and RosetteSep Human CD8" T Cell Enrichment
Cocktail (StemCell Technologies, Vancouver, BC, Canada),
respectively, prior to gradient density centrifugation with
Ficoll-Hypaque. For PBMC culture, complete RPMI (Roswell
Park Memorial Institute) media was used to grow PBMC, con-
sisting in RPMI (Hyclone, Logan, UT, USA) supplemented
with 10% fetal bovine serum (FBS) (Biowest, Nuaillé, France),
1% penicillin/streptomycin (Biowest, Nuaillé, France), and
1% glutamine (Biowest, Nuaillé, France).

Clones were isolated from heterogeneous MSC popula-
tions derived from liposuction of two healthy volunteers, as
previously described [23], three of them from one individual
(clones 1.10, 1.22, and 1.7) and two of them from the other
one (clones 3.10 and 3.5). Briefly, heterogeneous MSC popu-
lations were cultivated in plates at very low confluence to
identify individual cells in complete cloning medium
[HAM F-12 (Gibco, Carlsbad, CA, USA) supplemented with
20% FBS, 100 U/mL penicillin, 100 pg/mL streptomycin, and
15mM HEPES (Gibco, Carlsbad, CA, USA)] until defined
colonies (30-50 cells) were formed. Once the colonies were
identified, they were isolated using cloning rings to limit their
confluence. Then, the clones were detached using trypsin
0.05% with ethylenediaminetetraacetic acid (EDTA) 0.02%
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(Gibco, Paisley, UK) and transferred to new culture flasks
in complete Dulbecco’s Modified Eagle’s Medium (DMEM),
consisting in DMEM 25mM glucose (Gibco, Paisley, UK),
supplemented with 10% FBS, 1% penicillin/streptomycin,
and 1% glutamine. Membrane antigen expressions (CD44,
CD?73, CD90, and CD105) were confirmed by flow cytometry
[22]. All the clones used in this work were between passages
6-10 for proliferation assays, 10-12 for cytokine’s profiles,
11-14 for Treg analysis, and 12-15 for the viability assay.
MSC clones were grown in complete DMEM. Media were
renewed twice a week until cell confluence was reached.
Afterwards, media were washed twice with phosphate-
buffered saline (PBS) (Hyclone, Logan, UT, USA), and cells
were detached from the flask with trypsin to carry out the dif-
ferent experiments or to make further passages in order to
continue expanding.

Monoclonal antibodies for CD4, CD25, and Forkhead
Box P3 (FoxP3) antigens for flow cytometry were purchased
from eBioscience (San Diego, CA, USA) and CD11b from
Becton Dickinson (San Diego, CA, USA). Fixation/perme-
ability solution for intranuclear staining of FoxP3 staining
was purchased from eBioscience (San Diego, CA, USA).
Carboxyfluorescein succinimidyl ester (CFSE) and phytohae-
magglutinin (PHA) were purchased from Sigma-Aldrich
(Saint-Quentin Fallavier, France) and propidium iodide from
Fisher Scientific (Leicestershire, UK).

2.2. MSC Conditioned Media. To obtain MSC conditioned
media (CM), MSC clones were tripsinized and seeded in a
25cm? flask (TPP, Trasadingen, Switzerland) at the rate of
10° cells per flask, in 4mL of complete DMEM. After 96
hours of culture, supernatants were collected and centrifuged
at 360g for 5 minutes. Then, they were frozen at —20°C until
their usage.

2.3. Analysis of Cytokines in MSC-PBMC Cocultures. Cytokine
analysis in coculture supernatants was performed by seeding
10°> PBMC in 96 flat-bottom well plates (TPP, Trasadingen,
Switzerland), with and without the different MSC clones at
1:10 ratio (MSC: PBMC), in complete RPMI medium for 96
hours. They were stimulated with 10 yg/mL of PHA, and no
stimulation condition was used as control. Supernatants were
then collected, centrifuged at 360g, and frozen at —20°C until
analysis. Cytokine detection was performed by flow cytometry
(FacsCanto II, Becton Dickinson, San Diego, CA, USA) and
the Human Th1/Th2/Th9/Th17/Th22 13plex FlowCytomix
Multiplex kit from eBioscience (San Diego, CA, USA). The
analysed cytokines were interleukin- (IL-) 13, tumour necro-
sis factor- (TNF-) «, IL-10, interferon- (IFN-) y, IL-4, IL-2,
IL-22, IL-13, IL-17A, IL-9, IL-5, and IL-12p70. Data were
analysed using FlowCytomix Pro Software (eBioscience,
San Diego, CA, USA).

2.4. CFSE Labelling. To analyse cell proliferation, prior to
culture, PBMC and purified CD3*, CD4", or CD8" lympho-
cytes were labelled with CFSE at a final concentration of
5uM, for 5min at room temperature, according to Parish
and Warren [24].
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TaBLE 1: Cytokine concentrations (pg/mL) in unstimulated cocultures of MSC clones with PBMCs (mean + SD).
Concentration of cytokines (pg/mL) in PBMC: MSC cocultures

w/o MSC 1.10 1.22 1.7 3.10 3.5
IL-18 253.6 (248.7) 996.2 (434.1)" 788.0 (490.8)" 1133.6 (689.8)° 1071.4 (440.5)> 919.4 (425.1)"
TNF-« 106.4 (72.5) 14.6 (12.8)° 7.3 (6.7)° 29.0 (9.5)%® 18.4 (10.4)° 5.5 (9.6)°
IL-10 2.1 (3.6) 129.8 (35.3) 148.6 (76.8) 150.7 (109.7) 128.6 (95.1) 161.7 (89.0)
IFN-y 3.9 (6.7) — — 45.7 (79.1) 59.5 (72.5) —
IL-4 3.6 (6.2) — 3.6 (6.2) — 7.2 (12.4) —
IL-2 30.6 (52.9) — 32.9 (57.0 — 16.9 (29.2) —
IL-22 — 18.0 (31.1) — — — —
1L-13 — 10.9 (18.9) — — — —
IL-17A — — — — 3.8 (6.6) —
1L-9 1.0 (1.7) — — — — —
IL-5 — — — — — —
IL-12p70 — — — — — —

Groups (n = 3) containing the same letters are not statistically different for ANOVA (LSD), p < 0.05.

2.5. Proliferation Assay. To analyse the effect of MSC-CM on
PBMC proliferation, 10° cells were cultured in 96 flat-bottom
well plates in a final volume of 200 L consisting in 100 yL of
complete RPMI with 100 uL of every MSC-CM. 100 uL of
complete DMEM was used as the control. To analyse the
effect of MSC clones on proliferation of purified CD3",
CD4", and CD8" lymphocyte subsets, 10° lymphocytes were
cultured with MSC clones (ratio MSC:PBMC, 1:10) in 96
well plates in a final volume of 200 uL of complete RPMI.
All the cultures were stimulated with 10 ug/mL of PHA.
Nonstimuli condition was used as the control in all cases.
After five days of culture, cells were collected, and prolifera-
tion was measured by flow cytometry (EPICS-XL, Beckman
Coulter, Brea, CA).

2.6. Treg Analysis. Analysis of the effect of MSC on the Treg
cells was performed by seeding 10° PBMC with the different
MSC clones at an MSC:PBMC ratio (1:10) in 200 uL
complete RPMI medium, on 96-well flat-bottom plates. The
condition without MSC was used as the control. Similarly,
the effect of MSC-CM was also analysed by seeding 10° PBMC
in 100 uL of complete RPMI media and 100 yL of CM from
each one of the clones. Complete DMEM was used as the
negative control. After three days of culture, the cells were
recovered and stained with monoclonal antibodies against
the membrane antigens CD4 and CD25, as well as the intra-
nuclear transcription factor FoxP3. Cells were processed by
flow cytometry (EPICS-XL, Beckman Coulter, Brea, CA).

2.7. Viability Assay. To assess the effect of MSC clones on
PBMC survival, 10> PBMC were cocultured with clones
1.10 and 3.5 (ratio MSC:PBMC, 1:20), in a 96-well flat-
bottom plate, at a final volume of 200 L of complete RPMI.
After 6 days of coculture, cells were moved to a new 96-well
flat-bottom plate and then irradiated with ultraviolet (UV)
light through a transilluminator for 30 seconds. Twenty-
four hours later, they were stained with propidium iodide
(10 ug/mL) and analysed by flow cytometry (EPICS-XL,

Coulter). Condition without UV stimulation was used as a
basal mortality control.

2.8. Statistics. Descriptive statistics and statistical inference
were performed using the GraphPad Prism (GraphPad, La
Jolla, CA, USA) software statistical analysis package. In all
cases, the results were checked for normality by the
Kolmogorov-Smirnov test. Later, Student’s ¢-test for two sets
of data was used to analyse significant differences between
the different growing conditions. F test of the analysis of
variance (ANOVA) was used to analyse clones among
themselves, or between themselves and the control condition.
Post hoc analysis was performed with Fisher’s least signifi-
cant difference (LSD) method.

3. Results
3.1. Th1/Th2/Th17 Profile in MSC Clones-PBMC Cocultures

3.1.1. IL-1p. Under nonstimulatory conditions (Table 1), the
presence of MSC clones resulted in an increase in IL-1
levels. This increase was statistically significant for all clones,
with no differences between them, except for pair 1.7 and
1.22, with the higher and the lower increase, respectively.
PHA stimulation (Table 2) led to an increase in this cytokine
in all cases, being statistically significant for clones 1.7 and
3.10. The rest of clones did not substantially modify IL-1p3
levels with respect to the condition of absence of MSC clones.

3.1.2. IL-2. This cytokine showed a variable behaviour. Its
expression was either absent or very low (close to 50 pg/mL).
Although no significant differences were found between the
different growing conditions or between clones, it could be
observed that, in the presence of clones in the culture, there
was generally less cytokine production, both with (Table 2)
or without PHA (Table 1). There was an undetectable
amount of cytokine in the cases of clones 1.10, 1.7, and 3.5
(in the absence of stimuli) and 3.5 and 3.10 (in the presence
of stimuli).
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TaBLE 2: Cytokine concentrations (pg/mL) in phytohemagglutinin-stimulated (10 ug/mL) cocultures of MSC clones with PBMCs

(mean + SD).
Concentration of cytokines (pg/mL) in PBMC: MSC cocultures

w/o MSC 1.10 1.22 1.7 3.10 35
IL-18 2055.1 (151.5)° 2344.6 (247.9) 2025.1 (498.3)° 2809.0 (662.8)° 2770.9 (712.0)° 2136.7 (740.2)
TNE-a 416.8 (23.5)° 324 (7.2)° 42.5 (26.6)° 208.6 (101.8)° 79.9 (29.7)° 14.1 (24.4)°
IL-10 819.4 (433.2) 352.2 (62.4)° 531.8 (190.3)> 783.1 (312.2)* 455.0 (45.3)° 531.4 (148.0)>
IFN-y 2512.4 (1829.8)* 359.9 (252.7)° 270.3 (207.2)° 3180.4 (1441.5) 2093.2 (1854.4)* 186.1 (177.3)°
IL-4 1.9 (3.3) — — — — —
IL-2 27.8 (31.6) 18.9 (32.8) 18.9 (32.8) 22.5 (39.0) — —
IL-22 51.53 (77.31)% 2 12.5 (21.7) 40.7 (70.5)* 81.3 (71.0)° e
IL-13 998.0 (246.7)* b 110.7 (96.7)> 123.2 (108.4)" 210.6 (325.7)° b
IL-17A 549.3 (330.5)%° 350.1 (90.4)% 936.2 (508.1)¢ 906.6 (613.8)4 723.3 (307.0)> 1017.5 (403.0)¢
IL-9 527.3 (126.4)° b 20.2 (20.6)° 119.3 (117.2)° 45.7 (73.9)* 2.9 (2.6)°
IL-5 168.2 (120.8)* 10.3 (17.9)° 58.5 (50.8)" 63.9 (50.4) 83.4 (110.2)° 31.4 (54.4)°
IL-12p70 — — — 37.4 (22.8) — —

Groups (n = 3) containing the same letters are not statistically different for ANOVA (LSD), p < 0.05.

3.1.3. IL-12p70. Only the presence of clone 1.7 and with PHA
stimulation (Table 2) led to detection of this cytokine at a
very low concentration (about 40 pg/mL).

3.1.4. IL-17A. No cytokine was detected in any of the growing
conditions without stimuli (Table 1). However, in the pres-
ence of PHA (Table 2), moderate levels of IL-17 were
detected in the supernatants of PBMC alone. This amount
doubled in the presence of the MSC clones, except for clone
1.10, which showed a contrary trend to the other ones, since
the concentration of this cytokine decreased significantly.

3.1.5. IL-22. In the absence of stimulus (Table 1), only very
low levels of IL-22 (about 50 pg/mL) were detected in the
presence of clone 1.10. However, PHA stimulation
(Table 2) was associated with low-moderate levels of this
cytokine in PBMC alone (about 150 pg/mL). This amount
decreased to a lesser or greater extent depending on the
MSC clone present in the culture and even became undetect-
able in the case of clones 1.10 and 3.5, with only significant
differences between both clones and clone 3.10.

3.1.6. TNF-a. All MSC clones caused a very marked decrease
in this cytokine, both in the absence (Table 1) and the pres-
ence of mitogen. Stimulation with PHA (Table 2) leads this
cytokine to a significant increase in the absence of MSC
clones. The clone 1.7 was the one with the lowest capacity
to decrease levels of this cytokine and showed significant
differences with the rest of clones.

3.1.7. IFN-y. Without MSC clones, this cytokine increased
significantly after adding PHA (Table 2) to the culture. How-
ever, this increase was practically suppressed in the presence
of clones 1.10, 1.22, and 3.5, which also showed significant
differences with clones 1.7 and 3.10, which seemed to have
no effect on IFN-y synthesis and secretion. Interestingly,
these last two clones were able to promote IFN-y production
in the absence of stimulus (Table 1).

3.1.8. IL-4. Cytokine levels were nearly undetectable in the
different growing conditions, reaching maximum values of
20 pg/mL. Without stimuli (Table 1) and only in the presence
of clone 3.10, a slight increase in cytokine levels could
be observed.

3.1.9. IL-5. This cytokine was not detected in the absence of
stimulus (Table 1). However, stimulation of PBMC with
PHA (Table 2) resulted in an increase around 170 pg/mL in
all cases, which was significantly lower in the presence of
MSC clones. Significant differences were found between
clones 1.10 and 3.10, which respectively caused the greatest
and the least reduction.

3.1.10. IL-9. This cytokine was only detected in some condi-
tions under PHA stimulation (Table 2), reaching peak levels
of around 500 pg/mL, which was significantly lower in the
presence of different clones of MSC.

3.1.11. IL-10. There was a clear trend towards an increase in
this cytokine when PBMC were cocultured with MSC clones
without stimuli (Table 1). PHA produced an increase in this
cytokine (Table 2), which was lower with MSC clones vs.
PBMC alone, except for the case of clone 1.7. This decrease
was significant for clones 1.10 and 3.10.

3.1.12. IL-13. In the absence of stimuli (Table 1), this cytokine
was only detected at very low levels in the presence of clone
1.10. PHA stimulation (Table 2) increased this cytokine in
the absence of MSC clones and, in a lesser degree, in the pres-
ence of clones, and not even being produced in the case of
cultures containing clones 1.10 and 3.5, which showed signif-
icant differences with clone 3.10. However, these differences
were significant for all clones vs. PBMC alone.

3.2. Proliferation Assays

3.2.1. CD3" Purified Lymphocytes and MSC Cocultures. MSC
clones did not induce proliferation of CD3" T lymphocytes in
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Ficure 1: Lymphocyte proliferation in PHA-stimulated (10 pg/mL) cultures in the presence or absence of different mesenchymal stem cell
(MSC) clones. Ratio: MSC : lymphocytes (1:10). (a) Coculture of MSC-CD3" purified cells (1 >3). (b) Coculture of MSC-CD4" purified
cells (n=4). (c) Coculture of MSC-CD8" purified cells (n=8). (d) Culture of PMBC and conditioned media of different MSC clones
(n=9). Results expressed as median (SD). p values obtained by ANOVA (LSD test). Means containing equal letters are not significant to

each other (p <0.05).

the absence of stimuli (data not shown). In the presence of
PHA, MSC clones promoted a strong inhibition of prolifera-
tion, clones 1.10 and 3.5 being the most suppressive ones
(Figure 1(a)). Interclonal analysis showed small significant
differences of clones 1.10 and 3.5 vs. clone 3.10.

3.2.2. CD4" Purified Lymphocytes and MSC Cocultures.
Under no stimulation conditions, a significant increase in
proliferation of purified CD4" lymphocytes was detected
in the presence of all MSC clones vs. control (Figure 2(a))
but not between clones. However, in the presence of stimu-
lus, cocultures showed a significant decrease in proliferation
(Figure 1(b)), being clones 1.7 and 1.10 the least and the
most inhibitors, respectively. Finally, interclonal analysis
showed significant differences of clone 1.7 vs. clones 1.10
and 1.22. The same than before, differences were also found
between clones 1.10 and 3.10.

3.2.3. CD8" Purified Lymphocytes and MSC Cocultures. The
presence of MSC clones produced a significant increase in

CD8" lymphocyte proliferation (Figure 2(b)). Interclonal
analysis showed values close to statistical significance
between clones 1.10-1.7, 1.10-3.10, 1.7-3.5, and 3.10-3.5.
In the absence of MSC, PHA caused a slight increase in the
size of part of the purified CD8" lymphocytes (Figure 3).
However, MSC caused a clear increase in the proliferation
of this population (Figure 1(c)), showing variable degrees of
significance for clones 1.10 (p =0.0304), 1.22 (p =0.0339),
1.7 (p=0.0105), 3.10 (p=0.0062), and 3.5 (p=0.0241).
Interclonal analysis showed that clone 3.10 promoted the
highest level of proliferation when compared to the rest of
clones. Clone 1.7 also showed differences with clones 1.10
and 3.5, resulting in an intermediate level of proliferation.
Integrin CD11b was analysed for proliferated CD8" lympho-
cytes in cocultures with clones 1.10 and 3.5, resulting in a
clear majority of CD11b™~ population (Figure 4).

3.2.4. PBMC and MSC-CM Cultures. In the absence of stimu-
lus, no significant differences were found in lymphocytes’ pro-
liferation between the different MSC-CM and control. In the



6

15
S
& b
<
S 101
st
£
=}
S b b b
<
g 5] ° (] b L]
2
[=¥}

‘ %
(2227
0 T T T T T T
w/oMSC  1.10 1.22 1.7 3.10 35

CD4* purified lymphocytes
(@)

Journal of Immunology Research

25 b b
L[] L]
o 20 A
=1
<
=
o
= 15 A
° b
g .
g 104 b
L
S H b
=% 5 4 QL:
a
L]
jeerave)
0 T T T T T ?
w/o MSC  1.10 1.22 1.7 3.10 3.5

CD8* purified lymphocytes
(b)
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FIGURE 3: 3D histograms of MSC-CD8" lymphocyte cocultures,
showing proliferation versus cell size. Ratio: MSC:lymphocytes
(1:10). The height of the histogram is proportional to the number
of cells. Top, without stimulus and with MSC; left, without stimulus
and without MSG; right, with stimulus and with MSC; bottom, with
stimulus and without MSC. Histogram representative of one of
nine cocultures.

presence of PHA (Figure 1(d)), all CM slightly decreased
lymphocyte proliferation vs. control, reaching significant
differences for clones 1.10 (p = 0.0198) and 1.22 (p < 0.0001).
Interclonal analysis did not show significant differences.

3.3. Treg Analysis. The fold change of Treg cells
(CD4"CD25"FoxP3") increased when PBMC were cocul-
tured with MSC clones [1.10 (p =0.0247), 1.22 (p = 0.0052),
1.7 (p=0.0095), 3.10 (p=0.0216), and 3.5 (p=0.0131)]
(Figure 5(a)). Numerous differences were observed in the
interclonal comparison, being clones 1.22 and 1.7 which
promoted the highest changes.

All the CM also caused an increase in the expression of
Treg (Figure 5(b)), although significant differences were only
found in the case of clone 1.7-CM. However, the p values for
the rest of CM vs. control indicate a strong tendency to
increase Treg (between 0.0635 and 0.1444). No interclonal
differences were found.

3.4. Viability Assay. Viability analysis of PBMC showed sig-
nificant differences between UV light treatment and negative
control for all growing conditions. In the absence of UV light,
the clones did not exert any influence on the viability of
PBMC. However, in UV-treated cells, the presence of clone
1.10 significantly decreased PBMC mortality (p =0.0020),
contrary to clone 3.5, which slightly increased it (p = 0.0225)
(Figure 6), resulting in a significant difference between the
two clones (p = 0.0006).

3.5. Comparative Analysis of MSC Clones. The set of data
obtained in this study shows that the different MSC clones
present a wide range of behaviours that goes from anti-
inflammatory to proinflammatory. This allows us to charac-
terize the different clones according to different factors, such
as cytokine profile, inhibition of different lymphocyte popu-
lations, modulation of Treg cells, and the effect on viability
(Figure 7).

4. Discussion

Apart from the multiple applications that MSC may have
in regenerative medicine, one of the most important prop-
erties of these cells is that they are able to interact with
different cell populations of the immune system. Although
the mechanisms by which MSC exert immunomodulation
are not yet fully characterized, we know that they are
highly heterogeneous [25].

When MSC are cultured as colonies derived from a sin-
gle cell, each clone shows a variable degree of plasticity [26].
This could be related to the different isolation protocols, the
growing conditions and/or the number of passages, because
certain clones with proliferative advantages could replace the
rest. In addition, some studies have shown that the source of
the MSC also compromises their differentiation towards one
or more lineages [26, 27]. According to our previous studies,
the clones analysed in this work present heterogeneity in
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their differentiation potential towards osteogenic and adipo-
genic lineages [23] and also in their membrane phenotype,
cytokine profiles, and in their capacity to inhibit PBMC’s
proliferation [22].

In the present study, when clones of MSC are in coculture
with PBMC, increases and decreases in both proinflamma-
tory (Th1) and anti-inflammatory (Th2) cytokines were also
detected. Without stimulation, all cocultures showed a signif-
icant increase of IL-1f3 and IL-10 and a significant decrease of
TNEF-a. However, IL-1f increased between 3 and 5 times and
IL-10 between 65 and 75 times, depending on the clone, thus
supporting the well-known immunosuppressive character of
MSC. Clone 1.7 is related to the greater increase of IL-1f3 and
the smaller decrease of TNF-a, opposite to clone 1.22.
Regarding the rest of the cytokines, IL-2 and IL-4 were not
detected in the presence of clones 1.10, 1.7, and 3.5. Only in
the presence of clone 1.10, IL-22 and IL-13 were detected,
while IFN-y was only present for clones 1.7 and 3.10. PHA
caused a general increase of the different cytokines, although
in a different way to that observed in the absence of stimuli.
All clones promoted an increase of IL-17A, except for clone
1.10. In the case of TNF-a, all clones behaved the same than
in the absence of stimuli, although more intensely. All clones
also resulted in a decrease of anti-inflammatory cytokines,
being clones 1.7 and 3.10 the ones promoting the lowest
inhibition. At the same time, these clones were related with
the highest levels of several proinflammatory cytokines such
as IL-1p3, IL-22, and IFN-y. Taking into account all the
aforementioned data, they could be considered as the most
proinflammatory clones. For the rest of the clones, the
opposite was true. As a summary of the cytokines analysis,
clones of different individuals may behave similarly, while
clones of the same individual may behave differently.
Theoretically, we could find in every person a wide range of
clones with slightly different profiles, ranging from a proin-
flammatory to an immunosuppressive phenotype.

MSC can inhibit proliferation of cell populations of
the immune system, without being inherently immunogenic
[28], supporting their allogenic and even xenogeneic,
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therapeutic use. Results are, however, incongruent [29] and
might lie in the MSC heterogeneity [27]. In this study, we have
analysed the immunomodulatory capacity of MSC clones to
inhibit the proliferation of lymphocyte subpopulations.
MSC clones did not induce cell proliferation of cocultured
unstimulated purified CD3™ T lymphocytes. However, a slight
proliferation was detected in cocultures with purified CD4"
and CD8" lymphocytes. This fact would probably be condi-
tioned by the final cytokine environments, resulting from
the different interactions between leukocyte populations pres-
ent in the culture in every case. Under stimulatory conditions,
clones 1.10 and 3.5 were two times more effective suppressors
than the other clones. PHA stimulated cocultures showed an
increase in purified CD8" lymphocyte proliferation. As far
as we know, this is the first study reflecting this amazing
behaviour, as it is contrary to what has been previously
described in the literature [30], although it should be noted
that to our knowledge, there are very few studies that have
determined the effect of MSC on this purified lymphocyte
population, through proliferation assays. It has to be
remarked that PHA stimulation promoted a very low level
of proliferation without MSC. However, the observed effects
on cell size would indicate that certain activation occurred
but being insufficient to translate into proliferation. This
could be determined by the absence of factors derived from
other leukocyte populations, such as Th cells, present in the
rest of the analysed cocultures. By adding MSC to the culture,
clones could provide or promote secretion of these deficient
factors. This is consistent with other authors, which argue that
inhibition of cell proliferation would be mainly determined by
its stimulating effect on Treg lymphocytes [30, 31]. Interest-
ingly, again different patterns between clones are observed.
In fact, clones 1.7 and 3.10 behave similarly to each other,
exhibiting the highest degree of proliferation of CD8"
lymphocytes. The opposite was true for clones 1.10, 1.22,
and 3.5. We decided to measure the degree of expression of
the CD11b membrane antigen on CD8" proliferating cells.
The proliferating population was essentially CD11b", having
these CD8"CD11b~ lymphocytes been associated with immu-
nosuppressive properties [32], indicating again that MSC
would mainly be exerting their effect by affecting a regulatory
subpopulation, as previously mentioned for Treg cells.
Finally, we have also analysed the effect of CM obtained from
the different clones on PBMC proliferation inhibition, being
lower than the one observed under the presence of clones
and only reaching a significant value for clone 1.22.

In general terms, the above-mentioned effects on
lymphocyte proliferation inhibition would confirm once
again the differences between clones when exerting their
immunomodulatory abilities therefore showing how impor-
tant could be a previous characterization of these clones
when using cell-therapy protocols. The different effects
observed on Tc lymphocytes proliferation would further
justify this characterization.

We also analysed the effect of MSC clones and its CM on
Treg population. Clone 1.22 caused the highest increase of
Treg, showing this clone and its CM the greatest capacity to
inhibit lymphocyte proliferation as well as high levels of
IL-2, this latter needed for Treg development [33]. However,
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F1GURE 7: Qualitative comparison of the different factors analysed in the different MSC clones, showing a wide range of profiles, from
anti-inflammatory (white) to proinflammatory (black), which identifies the individual properties of each clone.

IL-2 was not detected for clones 1.10 and 3.5, thus explaining
the lower observed Treg number. Nevertheless, clone 1.7 pro-
moted similar Treg fold changes than clone 1.22 but did not
promote IL-2 secretion. This fact could be determined by the
presence of other soluble factors such as TGF-p, also impor-
tant for Treg development (not measured in this study).
Interestingly, fold change of FoxP3 induced by clones repro-
duces the same pattern as the one obtained for the analysis of
IL-10, this latter being a characteristic cytokine of Treg.
These results seem to be again in line with studies suggesting
that inhibition promoted by MSC would be mainly mediated
through an indirect effect on Treg cells. CM produced the
same effect as MSC but with a lower intensity. Only clone
1.7 showed a statistically significant effect on the Treg’s
exchange rate, reflecting again variability between clones.
This is consistent with our data obtained on lymphocyte pro-
liferation, and although support that MSC in the culture
seem to be necessary to get maximum immunomodulatory
effects. CM could also be an option that moreover would
avoid the additional complications often happening when
using cells for therapy.

Several studies have determined the capacity of MSC and
their CM to increase cell viability rescuing apoptotic cells
[32, 33] and to induce apoptosis in tumour cells, encouraging
fact for cell therapy [34]. In this study, we have analysed the
effect of clones 1.10 and 3.5 on the viability of PBMC. Clone
1.10 was able to significantly reduce cell mortality, while
clone 3.5 had just the opposite effect. Given that UV is an
apoptotic activator, it is reasonable to think that our clones
would be modifying apoptotic routes. So far, most of the
results of the current study showed similar behaviours for
all clones, differing only in their intensity. However, these
latest results show that heterogeneity of MSC could be also
favouring antagonistic responses. These facts could be caus-
ing unknown unpredictable side effects on the viability of
other cell populations involved in the pathology being treated
and might influence the final clinical results.

In addition, when the effect of clones was analysed from
the perspective of differences between individuals (by group-
ing clones 1 and 3 separately), we did not find significant
differences between them (data not shown). This absence
of differences supports the possibility of getting a wide
range of clones with distinct behaviours from each patient
that could be used in therapy according to the particular

needings in each case. However, when using heterogeneous
MSCs populations, these specific behaviours of clones could
be masked.

5. Conclusions

In summary, all the aforementioned results show how impor-
tant can be a previous characterization of MSC for cell therapy
protocols. This characterization should be approached from
different perspectives, not only by looking for the ability of
these cells to differentiate into different tissues, but also by
analysing their immunomodulatory abilities that would result
from the combination of the multiple effects exerted by these
cells. Cell therapy protocols using a clone or a combination
of clones rather than the usual heterogeneous populations
would facilitate their reproducibility and therefore would
allow a better prediction of the pursued effects, also preventing
the usual problems derived from the cellular heterogeneity
applied to different individuals. From our point of view, many
of the therapies that are not obtaining the expected results
could have different outcomes if their design was approached
from the perspective of the clones or their CM, depending on
whether they wanted to obtain a longer or more specific effect,
according to what was observed in our ex vivo results and also
in concordance with what was described by other authors [35].
In fact, we could design ex vivo the most appropriate person-
alized therapy in each case, depending not only on the pathol-
ogy to be treated, the duration of the desired effect, and its
degree of activity but also on the individual who will receive
it. According to our results, this design could be done based
on the different capacities of these clones to activate or inhibit
a given leukocyte population, to promote a certain balance of
anti- or proinflammatory cytokines or a specific Th17/Treg
balance, or even to modify the viability of specific cellular pop-
ulations. As a conclusion, the heterogeneity of MSC, far from
being a handicap for cell therapy, could be used to get more
optimized designed protocols by using clones instead of whole
cell populations.

Data Availability

The GraphPad Prism files and all the LMD cytometry data
used to support the findings of this study are available from
the corresponding author upon request.



10

Conflicts of Interest

The authors of this article have no conflict of interest.

Acknowledgments

The authors gratefully acknowledge Ma Isabel Arribas, PhD,
for the isolation of the clones and Immunology Service of
University General Hospital of Alicante for the recollection
of blood samples, particularly to Ma Luz de la Sen and Geles.

References

(1]

(5]

(10]

(11]

(12]

(13]

A.]. Friedenstein, I. I. Piatetzky-Shapiro, and K. V. Petrakova,
“Osteogenesis in transplants of bone marrow cells,” Journal of
Embryology and Experimental Morphology, vol. 16, no. 3,
pp- 381-390, 1966.

A.J. Friedenstein, K. V. Petrakova, A. I. Kurolesova, and G. P.
Frolova, “Heterotopic of bone marrow. Analysis of precursor
cells for osteogenic and hematopoietic tissues,” Transplanta-
tion, vol. 6, no. 2, pp. 230-247, 1968.

A.J. Friedenstein, R. K. Chailakhjan, and K. S. Lalykina, “The
development of fibroblast colonies in monolayer cultures of
guinea-pig bone marrow and spleen cells,” Cell Proliferation,
vol. 3, no. 4, pp. 393-403, 1970.

0. K. Lee, T. K. Kuo, W.-M. Chen, K.-D. Lee, S.-L. Hsieh, and
T.-H. Chen, “Isolation of multipotent mesenchymal stem cells
from umbilical cord blood,” Blood, vol. 103, no. 5, pp. 1669-
1675, 2004.

M. Miura, S. Gronthos, M. Zhao et al., “SHED: stem cells
from human exfoliated deciduous teeth,” Proceedings of the
National Academy of Sciences, vol. 100, no. 10, pp. 5807-5812,
2003.

P. A. Zuk, M. Zhu, H. Mizuno et al., “Multilineage cells from
human adipose tissue: implications for cell-based therapies,”
Tissue Engineering, vol. 7, no. 2, pp. 211-228, 2001.

P. A. Zuk, M. Zhu, P. Ashjian et al., “Human adipose tissue is a
source of multipotent stem cells,” Molecular Biology of the Cell,
vol. 13, no. 12, pp. 4279-4295, 2002.

A. Uccelli and D. J. Prockop, “Why should mesenchymal stem
cells (MSCs) cure autoimmune diseases?,” Current Opinion in
Immunology, vol. 22, no. 6, pp. 768-774, 2010.

Y.-D. C. Halvorsen, D. Franklin, A. L. Bond et al., “Extracellu-
lar matrix mineralization and osteoblast gene expression by
human adipose tissue-derived stromal cells,” Tissue Engineer-
ing, vol. 7, no. 6, pp. 729-741, 2001.

M. F. Pittenger, A. M. Mackay, S. C. Beck et al., “Multilineage
potential of adult human mesenchymal stem cells,” Sciernce,
vol. 284, no. 5411, pp. 143-147, 1999.

J. L. Huang, P. A. Zuk, N. F. Jones et al., “Chondrogenic poten-
tial of multipotential cells from human adipose tissue,” Plastic
and Reconstructive Surgery, vol. 113, no. 2, pp. 585-594, 2004.
Y. S. Takeda and Q. Xu, “Neuronal differentiation of human
mesenchymal stem cells using exosomes derived from difter-
entiating neuronal cells,” PLoS One, vol. 10, no. 8, article
e0135111, 2015.

K. Le Blanc, C. Tammik, K. Rosendahl, E. Zetterberg, and
O. Ringdén, “HLA expression and immunologic properties
of differentiated and undifferentiated mesenchymal stem
cells,” Experimental Hematology, vol. 31, no. 10, pp. 890-896,
2003.

(14]

(15]

[16]

(17]

(18]

[19]

(20]

(21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

Journal of Immunology Research

J. Liang, H. Zhang, B. Hua et al., “Allogenic mesenchymal stem
cells transplantation in refractory systemic lupus erythemato-
sus: a pilot clinical study,” Annals of the Rheumatic Diseases,
vol. 69, no. 8, pp. 1423-1429, 2010.

K. Le Blanc and O. Ringdén, “Immunomodulation by mesen-
chymal stem cells and clinical experience,” Journal of Internal
Medicine, vol. 262, no. 5, pp. 509-525, 2007.

C. Prevosto, M. Zancolli, P. Canevali, M. R. Zocchi, and
A. Poggi, “Generation of CD4" or CD8" regulatory T cells
upon mesenchymal stem cell-lymphocyte interaction,” Hae-
matologica, vol. 92, no. 7, pp. 881-888, 2007.

P. J. Darlington, M. N. Boivin, C. Renoux et al., “Reciprocal
Th1 and Th17 regulation by mesenchymal stem cells: implica-
tion for multiple sclerosis,” Annals of Neurology, vol. 68, no. 4,
pp. 540-545, 2010.

S. Aggarwal and M. F. Pittenger, “Human mesenchymal stem
cells modulate allogeneic immune cell responses,” Blood,
vol. 105, no. 4, pp. 1815-1822, 2005.

S. A. Kuznetsov, P. H. Krebsbach, K. Satomura et al., “Single-
colony derived strains of human marrow stromal fibroblasts
form bone after transplantation in vivo,” Journal of Bone and
Mineral Research, vol. 12, no. 9, pp. 1335-1347, 1997.

D. A. Rennerfeldt and K. J. Van Vliet, “Concise review: when
colonies are not clones: evidence and implications of intracol-
ony heterogeneity in mesenchymal stem cells,” Stem Cells,
vol. 34, no. 5, pp. 1135-1141, 2016.

M. E. Bernardo and W. E. Fibbe, “Safety and efficacy of mesen-
chymal stromal cell therapy in autoimmune disorders,” Annals
of the New York Academy of Sciences, vol. 1266, no. 1, pp. 107-
117, 2012.

J. M. Sempere, P. Martinez-Peinado, M. 1. Arribas et al,
“Single cell-derived clones from human adipose stem cells
present different immunomodulatory properties,” Clinical
and Experimental Immunology, vol. 176, no. 2, pp. 255-265,
2014.

B. Paredes, A. Santana, M. I. Arribas et al., “Phenotypic differ-
ences during the osteogenic differentiation of single cell-
derived clones isolated from human lipoaspirates,” Journal of
Tissue Engineering and Regenerative Medicine, vol. 5, no. 8,
pp. 589-599, 2011.

C.R. Parish and H. S. Warren, “Use of the intracellular fluores-
cent dye CFSE to monitor lymphocyte migration and prolifer-
ation,” in Current Protocols in Immunology, John Wiley &
Sons, Inc., Hoboken, NJ. USA, 2002.

D. Docheva, F. Haasters, and M. Schieker, “Mesenchymal stem
cells and their cell surface receptors,” Current Rheumatology
Reviews, vol. 4, no. 3, pp. 155-160, 2008.

F. Guilak, K. E. Lott, H. A. Awad et al., “Clonal analysis of
the differentiation potential of human adipose-derived adult
stem cells,” Journal of Cellular Physiology, vol. 206, no. 1,
pp. 229-237, 2006.

A. Gebler, O. Zabel, and B. Seliger, “The immunomodulatory
capacity of mesenchymal stem cells,” Trends in Molecular
Medicine, vol. 18, no. 2, pp. 128-134, 2012.

M. Shi, Z. W. Liu, and F. S. Wang, “Immunomodulatory
properties and therapeutic application of mesenchymal stem
cells,” Clinical and Experimental Immunology, vol. 164, no. 1,
pp. 1-8, 2011.

F. Gao, S. M. Chiu, D. A. L. Motan et al., “Mesenchymal stem
cells and immunomodulation: current status and future pros-
pects,” Cell Death & Disease, vol. 7, no. 1, article 2062, 2016.



Journal of Immunology Research

(30]

(31]

(32]

(33]

(34]

[35]

M. Di Nicola, C. Carlo-Stella, M. Magni et al., “Human bone
marrow stromal cells suppress T-lymphocyte proliferation
induced by cellular or nonspecific mitogenic stimuli,” Blood,
vol. 99, no. 10, pp. 3838-3843, 2002.

P. Luz-Crawford, M. Kurte, J. Bravo-Alegria et al., “Mesenchy-
mal stem cells generate a CD4"CD25"Foxp3™ regulatory T cell
population during the differentiation process of Th1 and Th17
cells,” Stem Cell Research & Therapy, vol. 4, no. 3, p. 65, 2013.

T. Ebihara, N. Sakai, and S. Koyama, “Suppression by sorted
CD8+CDI11b- cells from T-cell growth factor-activated
peripheral blood lymphocytes on cytolytic activity against
tumour in patients with gastric carcinoma,” European Journal
of Cancer and Clinical Oncology, vol. 27, no. 12, pp. 1654-
1657, 1991.

T. Chinen, A. K. Kannan, A. G. Levine et al., “An essential role
for the IL-2 receptor in Treg cell function,” Nature Immunol-
0gy, vol. 17, no. 11, pp. 1322-1333, 2016.

J. Ahn, Y. Coh, H. Lee, I. Shin, S. Kang, and H. Youn, “Human
adipose tissue-derived mesenchymal stem cells inhibit mela-
noma growth in vitro and in vivo,” Anticancer Research,
vol. 35, no. 1, pp. 159-168, 2015.

J. Sun, H. Zhou, Y. Deng et al., “Conditioned medium from
bone marrow mesenchymal stem cells transiently retards
osteoblast differentiation by downregulating Runx2,” Cells,
Tissues, Organs, vol. 196, no. 6, pp. 510-522, 2012.

11



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology bl B Journal of .
World Journal Research and Practice Diabetes Researc Disease Markers

International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
www.hindawi.com

BioMed
Research International

PPAR Research

Journal o.f
Obesity

Evidence-Based P
Stem Cells Complementary and N Journal of
International Alternative Medicine : Oncology

Journal of

Qphthalmology

Parkinson’s
Disease

Behavioural Al DS Oxidative Medicine and
NGUVO|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine



https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

