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Abstract

Objectives: Mesenchymal stem cells (MSCs) are strong immunomodulatory cells, and co-stimulation may play an im-
portant role in increasing the effects of MSCs on adaptive immune cells. Preconditioning may add to the effectiveness
of MSCs. The aim of this study was to investigate alterations in the costimulatory ligand expressions of MSCs precondi-
tioned with inflammatory cytokines.

Methods: MSCs were preconditioned with interferon gamma (IFN-y), interleukin (IL) 4 (IL-4), and IL-10, and changes in
CD80, CD86, CD137L, CD252, CD274, CD275, and human leukocyte antigen (HLA) class | and Il expressions were ana-
lyzed using flow cytometry and quantitative polymerase chain reaction methods. Human acute monocytic leukemia
cell line (THP-1) macrophages preconditioned under the same conditions served as a control for comparison.

Results: The frequencies of CD80 (p=0.0003), CD86 (p<0.0001), CD137L (p<0.0001), CD252 (p=0.0003), CD274
(p=0.0077), CD275 (p<0.0001), and HLA-II (p<0.0001) -positive MSCs was significantly lower than that of the THP-1
macrophages with either method, but there was no significant difference in the HLA-I (p=0.1506) cells. Comparison of
the expression of the costimulatory ligands revealed that the expression of MSCs was significantly lower than that of
THP-1 cells, and was not affected by cytokine stimuli.

Conclusion: The study data indicated that although MSCs are strong immunomodulatory cells, the costimulatory li-
gand expression required for an effective antigen presentation was extremely low compared with that of professional
antigen presenting cells. In addition, preconditioning with IFN-y, IL-4, and IL-10 failed to increase the expression of
important costimulatory ligands, such as CD80 and CD86, in MSCs. The stability of costimulatory ligand expression
suggests that MSCs may be an effective source for HLA-I-mediated peripheral tolerance.

Keywords: Costimulatory ligands, interferon gamma, interleukin 4, interleukin 10, mesenchymal stem cells, precondi-
tioning

esenchymal stem cells (MSCs) are powerful immuno-  formation of these effects [1-3]. Molecules on the cell surface
modulatory cells. Molecules such as prostaglandin E2  of MSCs are another mechanism that suppresses immune cells
(PGE2), indoleamine-pyrrole 2,3-dioxygenase (IDO), trans- through cell contact. Strong immunosuppressive molecules,
forming growth factor-beta (TGF-f3), interleukin (IL) 10, and  such as programmed death-ligand 1 (PD-L1/CD274), human
hepatocyte growth factor (HGF) play an important role in the  leukocyte antigen (HLA) G, and B7-Homolog 3 (CD276) are
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highly expressed by MSCs [4-6]. Therefore, they are used ex-
perimentally in the treatment of many autoimmune diseases,
such as systemic lupus erythematosus, rheumatoid arthritis,
multiple sclerosis, and Crohn'’s disease. However, most studies
have reported that the clinical effects of MSCs are variable and
disappear in 3 to 9 months [7]. Several approaches have been
used to improve the effectiveness of MSCs. The most common
is preconditioning with a specific stimulus, such as hypoxia,
drugs, or biological factors [8, 9]. Interferon gamma (IFN-y) is
the cytokine most studied, and IFN-y priming has been shown
to upregulate the MSC expression of several immunosup-
pressive molecules, including IDO, cyclooxygenase 2 (COX-2),
TGF-B, and HGF [9]. IFN-y is also effective on the surface mol-
ecules of MSCs. It has been reported that immune regulatory
surface molecule expressions, such as PD-L1, HLA-G, vascular
cell adhesion molecule 1 (VCAM-1), intercellular adhesion
molecule 1 (ICAM-1), were increased with IFN-y stimulation
[6, 10, 11]. In addition to IFN-y, tumor necrosis factor alpha
(TNF-0), IL-6, and IL-17, may be used. Although not as much
as IFN-y, these cytokines have also been shown to cause an
increase in IDO, PGE2, IL-10, and TGF- expression [12-14].

Tlymphocytes are responsible for the formation of the adaptive
immune response, and require 3 different signals for activation.
Signal 1 is provided by the T-cell receptor upon recognition
of an antigen on MHC molecules. Signal 2 is generated by co-
stimulatory molecules, such as CD80/CD86 (B7.1/B7.2), on anti-
gen-presenting cells. The cytokines in the environment enable
the third signal. If Signal 1 is not supported by Signal 2, anergy
or tolerance against the presented antigen occurs [15]. MSCs
are known to not express costimulatory molecules, and there-
fore induce anergy inT cells [16]. It has been reported that MSCs
do not express MHC-II, but stimuli such as IFN-y can increase
expression without affecting the expression of the costimulato-
ry molecules CD80/CD86 [17]. CD80 and CD86 co-stimulation
plays a critical role in shaping the activity of T cells. However, in
addition to naive T cells, various costimulatory molecules shape
the activation of effector and memory T cells. CD137L (4-1BBL),
CD252 (OX40L), CD274 (PD-L1), CD275 (inducible costimulator
ligand [ICOSL]) have been studied extensively in the literature
[18]. It is well known that the cytokines IFN-y, IL-4, and IL-10
have direct effects on antigen presentation and shaping the
T cell phenotype, co-stimulation in dendritic cells (DCs), and
macrophage activation [19]. However, the current literature
does not reveal how MSCs express alternative costimulatory
molecules or how these expressions might change with cyto-
kine stimulation. The objective of this study was to investigate
alterations in the costimulatory molecule expression of MSCs
preconditioned with inflammatory cytokines. Human adipose
tissue (AD) MSCs and THP-1 macrophages were stimulated with
IFN-y, IL-4, and IL-10 cytokines, and the effects of these stimuli
on the expression of HLA, CD80, CD86, CD137L, CD252, CD274,
and CD275 molecules was evaluated. The costimulatory mole-
cule expression of MSCs were compared in different inflamma-
tory environments to THP-1 macrophages, a professional anti-
gen-presenting cell (APC) model.

Materials and Methods

Cell culture

AD-MSCs (PCS-500-011; American Type Culture Collection,
Manassas, VA, USA) and THP-1 cells (TIB-202; American Type
Culture Collection, Manassas, VA, USA) were procured. The AD-
MSCs were cultured using Dulbecco's Modified Eagles Medi-
um F12 (DMEM-F12; Biosera, Inc., Manila, Philippines), and the
THP-1 cells were cultured with Roswell Park Memorial Institute
(RPMI) 1640 medium with 10% fetal bovine serum, and 100
U/mL penicillin, 100 ug/mL streptomycin and 1% 2mM L-glu-
tamate (all Biosera, Inc., Manila, Philippines) at 37°C and 5%
CO2 in a cell culture incubator. The cells were checked daily
and subcultured when they reached 70% to 80% confluence.
Third-passage cells were used to perform the experiments.

Preconditioning

To create fully differentiated THP-1 macrophage cells, 3x105
cells/mLTHP-1 cells were seeded in each well of a 6-well culture
plate and stimulated with 10 ng/mL phorbol 12-myristate-13-ac-
etate (PMA) (MilliporeSigma, Burlington, MA, USA) for 24 hours.
Next, 3x105 AD-MSCs were seeded in each well of another set of
6-well culture plates and cultured for 24 hours. The medium was
replaced and nonadherent cells were removed. To precondition
the cells, 50 ng/mL IFN-y, 40 ng/mL IL-4, and 40 ng/mL IL-10 (all
Reprokine Ltd., Congers, NY, USA) were added to the appropri-
ate wells and left to culture for 24 hours. The same number of
cells were cultured as unconditioned controls. After incubation,
the cells to be used for flow cytometry analysis were detached
using Accutase solution (Biosera, Inc., Manila, Philippines), and
the cells to be used in the quantitative polymerase chain reac-
tion (qPCR) analysis were collected using a cell scraper. All of the
experiments were performed in triplicate.

Flow cytometry

Anti-human CD86/B7-2 fluorescein isothiocyanate (FITC)
(clone: BU63) and CD274/PD-L1 phycoerythrin (PE) (clone:
29E.2A3) fluorescent-labeled antibodies were purchased from
EXBIO Praha, a.s., Vestec, Czech Republic. Anti-human CD80/
B7-1 PE.Cy5 (clone: 1D10), CD137L/4-1BBL PE (clone: 5F4),
CD252/0X40L PE (clone: 11C3.1), CD275/ICOSL (clone: 2D3),
HLA-A,B,C FITC (clone: W6/32), and HLA-DR,DP,DQ FITC (clone:
Ti39) fluorescent labeled antibodies were purchased from
Biolegend Inc., San Diego, CA, USA. The IFN-y, IL-4, and IL-10
stimulated cells and the unstimulated cells were stained ac-
cording to the manufacturer's protocol and analyzed using an
Accuri C5 flow cytometer (BD Biosciences, San Jose, CA, USA).
FlowJo v10 software (FlowJo LLC, Ashland, OR, USA) was used
to perform all of the analyses.

Quantitative polymerase chain reaction

Total RNA isolation was performed in accordance with the pro-
tocol provided for the Purelink RNA MiniKit (Cat. no: 12183018A;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), and once the
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complementary DNA was synthesized using the high-capacity
RNA-to-cDNA kit (Cat. no: 4368814; Invitrogen Corp., Carlsbad,
CA, USA). Forward and reverse primers of CD80/B7-1, CD86/B7-
2, CD137L/4-1BBL, CD252/0X40L, CD274/PD-L1, CD275/ICOSL,
HLA-ABC, and HLA-DR genes were purchased from Sentegen
Biotech, Ankara, Turkey (Table 1). SYBR Green PCR Master Mix
(Cat. no: 4344463; ThermoFisher Scientific, Inc., Waltham, MA,
USA) was used to determine change in gene expressions and
the reactions were assessed using the StepOnePlus Real-Time
PCR System (Cat. no: 4376600 Applied Biosystems, Foster City,
CA, USA). GAPDH was used as a reference gene, and the rela-
tive gene expression differences were calculated using the del-
ta-delta cycle threshold (CT) method. The primers of the genes
used in the gPCR analysis are shown in Table 1.

Statistical analysis

Data obtained from flow cytometry and qPCR analysis were
evaluated using Prism v. 7.0 software (GraphPad Software,
San Diego, CA, USA). The Shapiro-Wilk test was used to ana-

lyze the distribution of data. Data with a normal distribution
were compared using ordinary one-way analysis of variance,
and those without normal distribution were evaluated using
the Kruskal-Wallis method. Results of p<0.05 were considered
statistically significant.

Results

Microscopic evaluation was performed to observe the effects
of cytokines on cell morphology. IFN-y and IL-10-stimulated
THP-1 cells displayed spindle morphology, while the stimu-
lated IL-4 cells and the cells that had not been stimulated and
had a more round morphology. Cytokine stimuli did not lead
to an observable difference in the morphology of MSCs. The
alterations in the microscopic images of THP-1 and AD-MSCs
following cytokine stimulation are shown in Figure 1.

Flow cytometry

Positive cell frequencies (PCFs) were evaluated using flow
cytometry to observe molecule expression changes in un-

Table 1. Table of primers used in quantitative polymerase chain reaction analysis

Gene Forward Reverse

CD80 (B7-1) AGGAACACCCTCCAATCTCTG GGTCAAAAGTGAAAGCCAACA
CD86 (B7-2) CTGCTCATCTATACACGGTTACC GGAAACGTCGTACAGTTCTGTG
CD137L (4-1BB) TCAGGCTCCGTTTCACTTG CAGGTCCACGGTCAAAGC
CD252 (0OX40L) TGATGACTGAGTTGTTCTGCACC CCTACATCTGCCTGCACTTCTC
CD274 (PD-L1) TATGGTGGTGCCGACTACAA TGCTTGTCCAGATGACTTCG
CD275 (ICOSL) CCCAGGACGAGCAGAAGTTT TGAAGTTTGCTGCCACATGC
HLA-ABC TGGGAGCTGTCTTCCCAGCCC CCACATCACGGCAGCGACCA
HLA-DR AGACAAGTTCACCCCACCAG AGCATCAAACTCCCAGTGCT
GAPDH GCCGCATCTTCTTTTGCGTC GACGAACATGGGGGCATCAG

CD: Cluster of differentiation; GAPDH: Gliseraldehid 3-Fosfat Dehidrogenaz; HLA: Human leukocyte antigen; ICOSL: Inducible T cell costimulatory ligand; PD: Programmed death ligand-1.

Figure 1. Microscopy images of (a) unconditioned, (b) preconditioned with interferon gamma (IFN-y), (c), interleukin (IL) 4, (d) IL-10 human
acute monocytic leukemia cell line (THP-1) macrophages, and (e) unconditioned, (f) preconditioned with IFN-y, (g) IL-4, (h) and IL-10 adipose
tissue mesenchymal stem cells.
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conditioned and cytokine-preconditioned cells. Histogram
graphs of the flow cytometry analysis are shown in Figure 2,
and group comparison charts are provided in Figure 3. The
PCFs obtained from flow cytometry analysis of all groups are
summarized in Table 2. It was observed that the frequencies
of CD80 (p=0.0003), CD86 (p<0.0001), CD137L (p<0.0001),
CD252 (p=0.0003), CD274 (p=0.0077), CD275 (p<0.0001), and
HLA-Il (p<0.0001) PCFs of THP-1 macrophages were signifi-
cantly higher than those of the AD-MSCs, while HLA-I demon-
strated no significant difference (p=0.1506) (Fig. 3).

It was also noted that cytokine stimuli applied to THP-1 macro-
phages created significant changes in PCFs. The frequencies of
CD80, CD86, CD252, CD274, and CD275 PCFs of THP-1 macro-
phages significantly increased with IFN-y (p<0.0001, p=0.0181,
p=0.0010, p<0.0001, and p<0.0001 respectively), but signifi-
cantly decreased with IL-10 (p=0.0004, p<0.0001, p<0.0001,
p=0.0011, and p<0.0001 respectively). IL-4 stimulation signifi-
cantly increased the CD86 (p<0.0001) and CD274 (p<0.0001)
PCFs, but significantly reduced the CD80 (p=0.0012) PCFs and
had no significant effect on other costimulatory molecules.

CD80 (B7-1)

AD-MSC

THP-1

CD274 (PD-L1)

AD-MSC

THP-1

Unstained

Isotype negative control

CD86 (B7-2)

CD275 (ICOSL)

Unconditioned

Preconditioned with IFN-y

CD137L (4-1BBL) CD252 (OX40L)

HLA-ABC HLA-DRDPDQ

Preconditioned with IL-4

Preconditioned with IL-10

Figure 2. Histogram graphs obtained from flow-cytometry analysis of human acute monocytic leukemia cell line (THP-1) macrophages and

adipose tissue mesenchymal stem cells (AD-MSCs).

HLA: Human leukocyte antigen; ICOSL: Inducible T cell costimulator ligand; IFN-y: Interferon gamma; IL: Interleukin; PD-L1: Programmed death-ligand.
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Table 2. Table of positive cell frequencies obtained from flow cytometry analysis of all groups

THP-1 macrophages AD-MSCs
uUs IFN-y IL-4 IL-10 us IFN-y IL-4 IL-10
CD80 (B7-1) 52.3+7.56 92.9+0.92 28.3+4.23 24.6%3.70 0.86+0.13 0.06+0.04 0.68+0.11 0.21+0.05
CD86 (B7-2) 69.1+2.28 79.0£4.17 89.0£2.57 20.5£2.96 12.0+1.67 5.84+0.8 8.40x1.16 6.1£0.84
CD137L (4-1BBL)  97.7+1.25 96.2+1.20 97.5£1.05 97.5+1.51 18.9+£2.6 30.5+4.2 19.81£2.7 29.9+£3.2
CD252 (OX40L) 66.0+2.51 76.9£1.76 72.3%2.77 17.8+0.53 454+1.9 67.6x1.7 63.2+2.6 68.9+2.6
CD274 (PD-L1) 61.8+3.50 87.0£3.17 91.9+2.92 44.2+4.05 51.6+0.66 54.9+1.27 42.35+1.63 42.9+1.29
CD275 (ICOSL) 65.6+3.01 95.4+0.96 70.3+2.88 41.8+1.35 10.8+0.35 21.2+0.83 10.9+0.80 8.47+0.64
HLA-I 95.5+1.49 96.7+1.43 95.1+1.67 96.6+1.35 93.6+1.12 93.4+1.02 90.9£1.18 93.1+0.89
HLA-II 81.3£1.40 88.0+1.48 87.2£1.48 86.1£1.49 0.94+0.27 18.2+2.27 13.6£1.71 2.92+043

The data in the table are listed as mean and SD and were obtained from 3 independent experiments. AD-MSCs: Adipose-derived mesenchymal stem cells; HLA: Human leukocyte
antigen; ICOSL: Inducible T cell costimulator ligand; IFN-y: Interferon gammaj; IL: Interleukin; PD-L1: Programmed death-ligand 1; THP-1: Human acute monocytic leukemia cell line;

US: Unstimulated.
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Figure 3. Comparison charts of unconditioned (yellow), preconditioned with interferon gamma (IFN-y) (red), interleukin (IL) 4 (orange), and
IL-10 (green)-positive cell frequencies obtained from flow cytometry analysis of all groups. The data are presented as mean and SD. There is a
statistically significant difference (p<0.05) between the columns marked with the same symbol shown in the box.

Compared to THP-1 macrophages, a relatively very small popu-
lation of AD-MSCs was positive for CD80, CD86, CD137L, CD275
and HLA-II (Fig. 3). However, it was observed that the cytokine
stimuli caused statistically significant changes in these mole-
cule expressions. CD86 PCFs were significantly decreased by all
cytokines (p=0.0009, p=0.0212, and p=0.0011 respectively),and

CD137L PCFs were significantly increased with IFN-y (p=0.0104)
and IL-10 (p=0.0136). CD252 PCFs were significantly increased
by all cytokines (p<0.0001, p<0.0001, and p<0.0001 respective-
ly). CD274 PCFs were significantly decreased by IL-4 (p<0.0001)
and IL-10 (p=0.0001), but increased by IFN-y (p=0.0483). CD275
PCFs were significantly decreased by IL-10 (p=0.0114), but in-
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Table 3. Table of positive cell frequencies obtained from flow cytometry analysis of all groups

THP-1 Macrophages AD-MSCs
us IFN-y IL-4 IL-10 us IFN-y IL-4 IL-10
CD80 (B7-1) 52.3+7.56 92.9+0.92 28.3+4.23 24.6+3.70 0.86+0.13 0.06+0.04 0.68+0.11 0.21£0.05
CD86 (B7-2) 69.1£2.28 79.0+4.17 89.0+2.57 20.5+2.96 12.0£1.67 5.84+0.8 8.40x1.16 6.1+0.84
CD137L (4-1BBL)  97.7+1.25 96.2+1.20 97.5+1.05 97.5+1.51 18.9+£2.6 30.5+4.2 19.81+2.7 29.9+3.2
CD252 (OX40L) 66.0+2.51 76.9£1.76 723%2.77 17.8+0.53 454+1.9 67.6x1.7 63.2+2.6 68.9+2.6
CD274 (PD-L1) 61.8+£3.50 87.0+£3.17 91.9+2.92 44.2+4.05 51.6+0.66 54.9+1.27 4235+1.63  42.9+1.29
CD275 (ICOSL) 65.6£3.01 95.4+0.96 70.3+2.88 41.8+1.35 10.8+0.35 21.2+0.83 10.9+0.80 8.47+0.64
HLA-| 95.5+1.49 96.7+1.43 95.1+1.67 96.6+1.35 93.6+1.12 93.4+1.02 90.9+1.18 93.1£0.89
HLA-II 81.3£1.40 88.0+1.48 87.2+£1.48 86.1£1.49 0.94+0.27 18.2+2.27 13.6£1.71 2.92+0.43

The data in the table are listed as mean and SD and were obtained from 3 independent experiments. AD-MSCs: Adipose-derived mesenchymal stem cells; HLA: Human leukocyte
antigen; ICOSL: Inducible T cell costimulator ligand; IFN-y: Interferon gammay; IL: Interleukin; PD-L1: Programmed death-ligand 1; THP-1: Human acute monocytic leukemia cell

line; US: Unstimulated.
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Figure 4. Comparison graphs of data from quantitative polymerase chain reaction analysis of all groups. (a) Comparison of cycle threshold
data of gene expressions that can be measured in both human acute monocytic leukemia cell line (THP-1) macrophages and adipose tissue
mesenchymal stem cells (AD-MSCs). (b) Heat-map graphs of the changes of the genes expressed in THP-1 macrophage and AD-MSCs with
interferon gamma (IFN-y), interleukin (IL) 4, and IL-10 stimuli. (delta-delta cycle threshold values were presented by converting to z-score.)

HLA: Human leukocyte antigen; IFN-y: Interferon gamma; IL: Interleukin.

creased by IFN-y (p<0.0001). HLA-Il PCFs were significantly in-
creased by only IFN-y (p<0.0001) and IL-4 (p<0.0001).

Gene expressions

Since the CT values of CD80, CD86, and HLA-II genes of AD-
MSCs are >35, these molecules were excluded from evalua-
tion. The GAPDH CT values of unstimulated THP-1 and AD-
MSCs were similar, but the CT values of MSCs were significantly
higher for other molecules (Fig. 4a). This finding suggested
that the gene expressions of THP-1 cells were significantly
higher than those of MSCs for the molecules evaluated. When
the changes caused by cytokines were evaluated, it was ob-
served that IFN-y significantly increased all gene expressions
in the THP-1 cells, an in contrast, IL-10 significantly reduced all
gene expressions. CD86 and CD274 expressions of THP-1 cells
were significantly increased by IL-4, but expressions of oth-
er molecules were decreased significantly (Fig. 4b). Similarly,

IFN-y significantly increased overall gene expression of AD-
MSCs. IL-4 significantly reduced the expression of genes other
than CD252. IL-10 significantly reduced CD274 and HLA-I ex-
pressions, but increased CD137L, CD252, and CD275 (Fig. 4b).
The delta-delta CT values of all of the groups are summarized
in Table 3. The p values of the statistical comparisons are pre-
sented in the Table 4.

Discussion

This study was an investigation of the expression of costimu-
latory molecules, which have critical roles of the activation of
T cells in AD-MSCs. We used macrophages differentiated from
THP-1 cells as the reference APC model. It was found that the
CD80, CD86, CD137L, CD252, CD274, CD275, and HLA-II PCFs
of AD-MSCs were significantly lower than those of THP-1 mac-
rophages; however, HLA-I revealed no significant difference.
We found that preconditioning with IFN-y led to a significant
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Table 4. One-way analysis of variance with Tukey's multiple comparison test results of the delta-delta cell threshold values of all

groups

THP-1 macrophages

Compared groups Adjusted p value Compared groups

Adjusted p value Compared groups Adjusted p value

CD80 (B7-1) CD252 (0OX40L) HLA-ABC

US vs. IFN-y <0.0001 US vs. IFN-y <0.0001 US vs. IFN-y <0.0001
US vs. IL-4 <0.0001 US vs. IL-4 <0.0001 US vs. IL-4 >0.9999
US vs. IL-10 <0.0001 US vs. IL-10 <0.0001 US vs. IL-10 <0.0001
IFN-y vs. IL-4 <0.0001 IFN-y vs. IL-4 <0.0001 IFN-y vs. IL-4 <0.0001
IFN-y vs. IL-10 <0.0001 IFN-y vs. IL-10 <0.0001 IFN-y vs. IL-10 <0.0001
IL-4 vs. IL-10 <0.0001 IL-4 vs.IL-10 <0.0001 IL-4 vs.IL-10 <0.0001
CD86 (B7-2) CD274 (PD-L1) HLA-DRDPDQ

US vs. IFN-y <0.0001 US vs. IFN-y <0.0001 US vs. IFN-y 0.5511
US vs. IL-4 <0.0001 US vs. IL-4 <0.0001 US vs. IL-4 0.0664
USvs. IL-10 0.0466 US vs. IL-10 <0.0001 US vs. IL-10 <0.0001
IFN-y vs. IL-4 <0.0001 IFN-y vs. IL-4 <0.0001 IFN-y vs. IL-4 >0.9999
IFN-y vs. IL-10 <0.0001 IFN-y vs. IL-10 <0.0001 IFN-y vs. IL-10 <0.0001
IL-4 vs.IL-10 <0.0001 IL-4 vs.IL-10 <0.0001 IL-4 vs.IL-10 <0.0001
CD137L (4-1BBL) CD275 (ICOSL)

US vs. IFN-y <0.0001 US vs. IFN-y <0.0001

US vs. IL-4 <0.0001 US vs. IL-4 >0.9999

US vs. IL-10 <0.0001 US vs. IL-10 <0.0001

IFN-y vs. IL-4 <0.0001 IFN-y vs. IL-4 <0.0001

IFN-y vs. IL-10 <0.0001 IFN-y vs. IL-10 <0.0001

IL-4 vs. IL-10 0.0076 IL-4 vs.IL-10 <0.0001

Adipose mesenchymal stem cells

CD137L (4-1BBL) CD252 (OX40L) CD274 (PD-L1)

US vs. IFN-y <0.0001 US vs. IFN-y <0.0001 US vs. IFN-y <0.0001
US vs. IL-4 <0.0001 US vs. IL-4 <0.0001 US vs. IL-4 <0.0001
US vs. IL-10 <0.0001 US vs. IL-10 <0.0001 US vs. IL-10 <0.0001
IFN-y vs. IL-4 <0.0001 IFN-y vs. IL-4 <0.0001 IFN-y vs. IL-4 <0.0001
IFN-y vs. IL-10 <0.0001 IFN-y vs. IL-10 <0.0001 IFN-y vs. IL-10 <0.0001
IL-4 vs.IL-10 <0.0001 IL-4 vs.IL-10 <0.0001 IL-4 vs.IL-10 <0.0001
CD275 (ICOSL) HLA-ABC

US vs. IFN-y <0.0001 US vs. IFN-y <0.0001

US vs. IL-4 0.0107 US vs. IL-4 0.9996

US vs. IL-10 <0.0001 US vs. IL-10 >0.9999

IFN-y vs. IL-4 <0.0001 IFN-y vs. IL-4 <0.0001

IFN-y vs. IL-10 <0.0001 IFN-y vs. IL-10 <0.0001

IL-4 vs.IL-10 <0.0001 IL-4 vs.IL-10 0.9908

HLA: Human leukocyte antigen; ICOSL: Inducible T cell costimulator ligand; IFN-y: Interferon gamma; IL: Interleukin; PD-L1: Programmed death-ligand 1THP-1: Human acute

monocytic leukemia cell line; US: Unstimulated.

increase in all of the molecule expressions evaluated in THP-1
macrophages, but IL-10 led to a significant decrease in the op-
posite direction. IL-4 caused a significant decrease in the CD80
PCFs of THP-1 cells, and a significant increase in the CD86 and
CD274 PCFs. In addition, we observed that the CD80, CD86,
and HLA-II PCFs of AD-MSCs were extremely when low com-
pared with THP-1 cells. We found that IFN-y led to a significant
increase in CD137L, CD252, CD274, and CD275 mRNA and
PCFs in AD-MSCs, similar to THP-1 cells.

Three basic signals have been identified in the activation of
T cells by antigen presentation. The first signal (Signal 1) for
antigen-specific activation of T cells is provided by the inter-
action of the T cell receptor and peptide-HLA complexes. An-
tigen presentation via HLA-I is restricted to CD8 T cells, and
HLA-II is restricted to CD4 T cells. Therefore, while HLA-I is ex-
pressed in all cells, HLA-II is expressed by professional antigen
presenting cells (APCs) [20]. We observed that almost all of
the THP-1 macrophages and AD-MSCs were positive for HLA-I.
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Unlike THP-1 macrophages, we found that AD-MSCs did not
express HLA-II; however, we detected a small but significant
increase with IFN-y and IL-4 stimulation. This finding indicated
that AD-MSCs may not present antigens to CD4 T cells.

Signal 1 alone is not sufficient for T cell activation and lineage
commitment. A second signal (Signal 2) provided by costim-
ulatory molecules is necessary for complete activation [20].
CD80/B7-1 and CD86/B7-2 are costimulatory molecules that
are highly expressed on macrophages and mature mono-
cyte-derived DCs (mo-DCs) and interact with the CD28 mol-
ecule on the T cell surface, enabling T cell activation [21]. It
has been reported that IFN-y significantly increases both
CD80 and CD86 expressions, IL-4 leads to a more pronounced
increase for CD86, but IL-10 significantly reduces expression
of both molecules [22]. Our results were consistent with the
literature. CD80 and CD86 expressions of THP-1 macrophages
were increased significantly by IFN-y but were significantly de-
creased by IL-10. However, IL-4 significantly suppressed CD80
expression while significantly increasing CD86 expression. A
limited number of studies of MSCs have shown that these cells
do not express CD80 and CD86, and IFN-y stimulation does
not affect this condition [23]. Flow cytometry analysis indicat-
ed that AD-MSCs did not express CD80, and CD86 expressions
were extremely low. QPCR analysis did not reveal expression
of either molecule (Fig. 3 and 4).

CD137L/4-1BBL is a costimulatory molecule commonly ex-
pressed by APCs and interacts with CD137/4-1BB found
in T and natural killer (NK) cells. The interaction of CD137/
CD137L not only activates T and NK cells, but APCs are dif-
ferentiated in the pro-inflammatory direction [24]. A review
of the current literature did not disclose another study inves-
tigating the effects of different cytokine stimuli on CD137L
expression in macrophages or mo-DCs. We found that more
than 90% of THP-1 macrophages were positive for CD137L,
and that CD137L mean fluorescent intensity (MFI) values and
MRNA expressions only increased significantly with IFN-y
(Fig. 3 and 4). Only 1 study has demonstrated that MSCs
can express CD137L and suppress T cell proliferation [25].
We found that AD-MSCs had a significantly lower but basal
CD137L expression compared with THP-1 macrophages, and
this expression was increased significantly by IFN-y and IL-10
stimuli (Fig. 3 and 4).

CD252/0X40L interacts with the CD134/0X40 located on the
T cell surface and produces a signal that increases the prolif-
eration and survival of effector T cells. OX40 / OX40L interac-
tion creates a bidirectional signal that activates both T cells
and APCs, and activation of APCs allows them to express more
OX40L [26]. There are only a few studies that have examined
the OX40L expression of both APCs and MSCs and how they
change with cytokine stimulation. It has been reported that
OX40L expression of microglia cells increases with IFN-y stim-
ulation [27]. It has also been observed that MSCs increase reg-
ulatory T cell (Treg) ratios more effectively by overexpressing
OX40L [28]. We found that the OX40L expression of THP-1

macrophages increased significantly with IFN-y and IL-4 stim-
uli, but decreased significantly with IL-10. We identified OX40L
expression in more than half of the AD-MSCs, and observed
that expression was significantly increased by all three cyto-
kines (Fig. 3 and 4).

CD274/PD-L1 interacts with CD279/PD-1 on the T cell surface,
causing an increase in apoptosis and a decrease in activation
and proliferation. This provides for the development of cen-
tral and peripheral tolerance. Therefore, the PD-1/PD-L1 signal
plays an important role in the pathogenesis of a wide range
of diseases, such as chronic infection, autoimmune diseases,
and cancer [29]. We found that the PD-L1 expression of THP-
1 macrophages was increased significantly by IFN-y and IL-4,
but decreased significantly by IL-10. We observed that almost
half of the AD-MSCs expressed PD-L1, and that this expression
increased significantly with IFN-y, but decreased significantly
with IL-4 and IL-10.

CD275/ICOSL is the ligand of the CD278/ICOS molecule found
in T cells and provides the effector and memory cells to pro-
liferate and survive. It plays a critical role in antibody produc-
tion, particularly by regulating follicular T cells [30]. ICOSL ex-
pression of DCs has been shown to increase significantly with
IFN-y and IL-4 [31]. It has been demonstrated that MSCs are
able to express ICOSL and that the Treg induction capacity is
proportional to the expressed ICOSL ratio [32]. We found that
the ICOSL expression of THP-1 macrophages increased signifi-
cantly with IFN-y but decreased with IL-10. However, we also
observed that in MSCs, ICOSL expression was limited to a small
population, and this expression was significantly increased by
IFN-y, but decreased by IL-10.

The third and final basic signal in T cell activation is created
by cytokines found in the environment, such as IFN-y, IL-4, IL-
10, or TGF- [33]. MSCs could provide effective immune sup-
pression through the powerful molecules they secrete; that
is, MSCs are strong Signal 3- producer cells [2,3]. However,
this effect is unfortunately limited by the presence of MSCs.
Tolerogenic DCs produce suppressive molecules like MSCs,
but unlike the MSCs, they play a critical role in the formation
of peripheral tolerance because they express HLA-II [19]. MSCs
have provided promising improvements in clinical trials exam-
ining immune pathologies such as graft-versus-host disease,
systemic lupus erythematosus, and multiple sclerosis, which
can be fatal and for which current treatment approaches
are inadequate [34]. However, the results of these trials have
shown that the effects of MSCs were temporary [35]. There-
fore, it may be that the immunomodulation effects of MSCs
are insufficient to establish an antigen-specific tolerance. Al-
though the preconditioning approach improves the immuno-
modulation properties of MSCs, our findings indicate that this
approach did not significantly change the costimulatory mol-
ecule expressions. This suggests that, since Signal 1 and Signal
2 were not properly generated by MSCs, they may be insuffi-
cient to formulate tolerance. HLA-I expression of MSCs could
enable them to interact with CD8 T cells, but the absence of
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costimulatory molecules will cause CD8 T cells to be anergic.
MSCs need expression of HLA-II for anergy-inducing potential
to occur on CD4 T cells. The transfer of HLA-Il molecules to
MSCs through gene engineering could enable these cells to
form a broader and stronger tolerance, including CD4T cells.

Conclusion

In conclusion, our data indicated that although the MSCs are
potent immunomodulatory cells, the antigen presentation
capabilities were not comparable to those of professional an-
tigen presenting cells. In addition, the costimulatory molecule
expressions of MSCs may not be significantly altered with a
preconditioning approach. However, the transfer of costim-
ulatory molecules through gene engineering could enable
MSCs to develop a more effective and lasting tolerance po-
tential.
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