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ABSTRACT. Although mesenchymal stem cells (MSCs) have exhibited promising immunomodulatory potential in 
preclinical studies, clinical studies have revealed variable results. These results often depend on environmental cues. 
Pre-conditioning MSCs with cytokines is one of the methods used to enhance their immunomodulatory effects. In 
this study, we harvested adipose-derived MSCs from mice and cultured them with different doses of the cytokine, 
IFN-γ, and the corticosteroid drug, dexamethasone, in order to investigate their effects on MSC immunosuppres-
sive function. We found the co-culture or supernatant of MSCs, pre-conditioned with IFN-γ, together with spleen 
mononuclear cells resulted in a significant reduction of mononuclear cell proliferation. Although the supernatant of 
MSCs, pre-conditioned with dexamethasone, showed similar results, dexamethasone pre-conditioning of co-cultured 
MSCs increased mononuclear cell proliferation. The results further our understanding of immune-related effects 
of MSCs which may provide a basis for further in vivo studies to achieve better clinical results. We propose that 
pre-conditioning with cytokines might be an effective method to boost the immunomodulatory effects of MSCs.
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Mesenchymal stem cells (MSCs) are multipotent cells 
that can be differentiated into several lineages including 
osteoblasts, chondrocytes, etc. There are various tissues 
including bone marrow, adipose tissue, and dental pulp, 
from which MSCs can be harvested. These cells are 
often identified by the expression of certain surface mol-
ecules such as CD105, CD90, and CD44. Although 
MSCs are traditionally known for their capacity to dif-
ferentiate and use in regenerative medicine, their use is 
certainly not limited to this field. MSCs possess notable 
immunomodulatory properties that affect both innate 
and adaptive immunity. MSCs may therefore be poten-
tially used as a method of treatment for diseases with 
chronic inflammation and autoimmune diseases [1-5]. 
Type 1 diabetes mellitus, rheumatoid arthritis, multiple 
sclerosis, and inflammatory bowel disease are some of 
the diseases for which MSC therapies are being devel-
oped. However, for MSCs to be translated into the 
clinic, they must first be cultured in vitro [6]. The  
effects of MSCs on the immune system can be either  
stimulatory or inhibitory; the result often depends on 
features of the cell culture microenvironment [7]. The 
immunomodulatory effects of MSCs largely depend on 
cytokines such as TNF-α, IL-1, and IFN-γ which are 

secreted from immune cells [8]. MSCs exert their effects 
on immune cells through the secretion of several 
immune mediators, including transforming growth  
factor (TGF)-β and prostaglandin E2 (PGE-2) [9].
MSCs and their supernatant are known to shift  
T-cells, B-cells, natural killer cells, and monocytes/ 
macrophages towards anti-inflammatory phenotypes. 
Also, these cells are capable of inhibiting immune cell 
proliferation [2, 10-14]. One method of improving MSC 
immunoregulatory characteristics is to prime them with 
cytokines. IFN-γ is one of the cytokines which has  
previously been used to culture MSCs. Culturing  
with IFN-γ results in the upregulation of principal 
immunomodulatory agents, including PGE-2 and  
TGF- β [15]. Several MSC lines previously cultured with 
IFN-γ indicate that IFN-γ priming enhances MSC 
immunomodulatory effects both in vitro and in vivo [16]. 
However, immune-related effects from the supernatant 
of IFN-γ-treated MSCs have not been studied to the 
same extent.
IFN-γ is not the only cytokine that influences MSC 
immune-related effects. Since the immunoregulatory 
effects of MSCs highly depend on inflammatory 
cytokines present in the cell environment, their usage 
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in patients who take immunosuppressive drugs is an 
area of concern. These drugs alter the inflammatory 
conditions in the body and can therefore affect MSC 
immunomodulatory effects when utilized in the clinic 
[17]. Corticosteroids are one of the major classes of 
immunosuppressive drugs which are used for many 
autoimmune diseases [18]. Dexamethasone (Dex) is a 
widely used and potent corticosteroid, which exerts its 
effects through alteration of gene expression. Dex is 
known to shift MSCs towards osteogenic lineages [19]. 
Also, Dex can regulate MSC effects of the immune sys-
tem [20]. However, little is known about the effect of 
Dex on the immunoinhibitory function of MSCs.
In the current study, we obtained adipose tissue-derived 
MSCs (AD-MSCs) from C57BL/6 mice and seeded 
them with different dosages of IFN-γ or Dex. AD-MSCs 
or their corresponding supernatants were then used to 
culture mouse spleen mononuclear cells. Our results 
indicate that culturing mononuclear cells with MSCs or 
their supernatant, seeded with IFN-γ, particularly at 
high doses, significantly reduced the proliferation rate 
of mononuclear cells. Interestingly, although similar 
results were shown for the supernatant of MSCs pre-
treated with Dex, MSC co-culture with Dex pre-treat-
ment led to increased mononuclear cell proliferation.

MATERIALS AND METHODS

Isolation, cell count and viability analysis of  MSCs

AD-MSCs were isolated from C57BL/6 mice as 
described previously [21]. Briefly, two six-week-old male 
C57BL/6 mice were purchased from Pasteur Institute, 
Tehran. The mice were killed by cervical dislocation 
and placed on a sterile surface. Abdominal fat tissue 
was harvested and washed 2-3 times with sterile phos-
phate-buffered saline (PBS) solution. The adipose tissue 
was cut into 1-2 mm3 pieces and incubated with 0.1% 
type I collagenase solution for 30 minutes at 37°C. 
Condition medium, 5 cc, containing 10% foetal bovine 
serum (FBS) was added to stop the enzyme activity. The 
specimens were centrifuged at 1,500g for 15 minutes. 
After homogenizing in 6 mL Dulbecco’s Modified Eagle 
Medium (DMEM), the cellular sediment was added to 
three flasks containing 3 mL of DMEM+10% FBS, and 
the supernatant was discarded. Cells were incubated in 
37°C/5% CO2 for 14 days and the medium was changed 
every other day. Cells were frozen and passaged three 
times using 0.25% trypsin-EDTA (Bioidea). After 
trypsinization, cells were centrifuged at 1,000g for five 
minutes. The sediment was added to 1 mL DMEM and 
mixed until homogenized. Cell count was performed 
using a light microscope and the following formula: 
N  = n * R * 104 * V (N=total number of cells, n=cells 
counted in 1 mm3, R=dilution coefficient, V=volume 
of the cell containing medium [μL]). To assess the  
viability of cells, the trypan blue assay was performed.

Analysis and differentiation of MSCs

Analysis of AD-MSCs was performed by flowcytome-
try. FITC anti-CD44 antibodies and PerCP/Cy5.5 
anti-CD105 antibodies were used as positive markers, 
and PE anti-CD34 antibodies and FITC anti-CD45 

antibodies were used as negative markers. After incu-
bation at 4°C for 45 minutes, the cells were centrifuged 
twice and washed with PBS. The supernatant was dis-
carded and the cells were fixed using 4% paraformalde-
hyde suspension. Flowcytometry was performed using 
BD bioscience flow cytometers and the results were 
analysed using Flowjo software.
In order to assess the differentiation potential of stem 
cells, an osteogenic assay was performed using a previ-
ously described protocol [22]. Briefly, cells were cultured 
in osteogenic medium containing high-glucose DMEM, 
10% FBS, 10 μM Dex, 10 mM b-Glycerol phosphate, 
and 50 μg ascorbic acid. Approximately, 1,000-10,000 
cells were cultured per cm2 and cells were incubated at 
37°C for 21 days. Then, cells were washed with PBS, fixed 
with 4% paraformaldehyde and stained with Alizarin 
Red (AR) stain to assess tissue mineralization. 

Isolation of mouse spleen mononuclear cells

After sterilization of the surgical site with 70% ethanol, 
the BALB/c mouse was placed in supine position. A 
V-shape cut was performed in the abdomen of the 
mouse and the spleen was excised and placed in a petri-
dish. Isolation of mononuclear cells was performed as 
previously described [23]. Briefly, 10cc RPMI 1640 
media was injected in the spleen and the ejected contents 
were transferred to a falcon tube. The tube was centri-
fuged for 5 minutes at 3,200 g. Lysis buffer, 4cc, was 
added for five minutes to lyse red blood cells and then 
5cc of condition medium was added. The specimen was 
centrifuged again and the sediment was homogenized. 
Finally, spleen mononuclear cells were labelled with 
CSFE (Biolegend), using the manufacturer’s protocol. 
Briefly, 107 cells were mixed with 1 mL PBS, and 5 µM 
CFSE solution was added to the mixture. After incu-
bation at 37ºC for 15 minutes, cells were washed with 
5 mL RPMI medium containing 10% FBS. To ensure 
proper labelling, cells were compared with unlabelled 
cells using flowcytometry at Day 0.

AD-MSC culture with Dex or IFN-γ

In total, 104 MSCs were transferred into wells of a 96-well 
plate with different concentrations of Dex (Caspian 
Tamin) (0, 10, 100, 500 ng/mL) or IFN-γ (Peprotech)  
(5, 10, 20, 50 ng/mL). These concentrations were selected 
based on previous studies [24-26]. Since we intended  
to assess the effects of AD-MSC supernatant on 
mononuclear cell proliferation, we discarded the solution 
after 48 hours. We then washed the cells twice with PBS 
to clear the remaining Dex and IFN-γ in the plates. After 
24 hours, cells and their supernatants were collected to 
be used for culture with mononuclear cells.

Co-culture of AD-MSCs and their supernatants with 
spleen mononuclear cells

In total, 105 CFSE-labelled spleen mononuclear cells 
were cultured with AD-MSCs or the corresponding 
supernatants separately in a 96-well plate. In order to 
stimulate mononuclear cells, phytohemagglutinin 
(PHA) (Gibco) was added to the plates to 1-2% of the 
final volume, which was approximately 200 μL. The 
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contents of each plate were gently mixed and the plates 
were incubated at 37°C for 72 hours.

Statistical analysis

Statistical analysis for this study was performed using 
IBM SPSS 20, Prism (GraphPad). ONE Way ANOVA 
was performed to compare the outcomes of study groups, 
and statistical significance was defined as p<0.05. Results 
were reported in the form of mean ± SD.

RESULTS

Isolation, culture and passage of AD-MSCs

AD-MSCs were isolated from C57BL/6 mice, as previ-
ously explained, and passaged three times. After the first 
passage, fibroblast-like cells and spindle-shaped cells 
were seen under the microscope. However, cells with 
other morphologies were also found. After the second 
and third passage, cell morphology more  
progressively moved towards that of spindle and  
fibroblast-like types and miscellaneous shapes were less 
commonly seen. Figure 1 demonstrates cell morphology, 
as witnessed under the microscope with each passage.

Analysis of  AD-MSC surface molecules to determine 
cell identity

To determine MSC identity, CD34, CD44, CD45, and 
CD105 surface molecules of AD-MSCs were examined 
by flowcytometry. Unlike CD34 and CD45 which were 
rarely observed on AD-MSCs (0.5% and 1.1%, respec-
tively), CD44 and CD105 were abundantly expressed 
on AD-MSCs (99.7% and 24.5%, respectively). 
Flowcytometry data were analysed by Flowjo and the 
results may be visualized in figure 2.

Osteogenic differentiation of AD-MSCs confirms 
stemness characteristics

To further confirm MSC cell line identity and differen-
tiation capacity, cells were cultured in an osteogenic 

medium for 21 days. After the osteogenic assay, cells 
were stained with Alizarin Red (AR) stain to assess cal-
cium deposition in the extracellular matrix. MSCs 
which were cultured in the osteogenic medium exhibited 
strong AR staining, as presented in figure 3. On the 
other hand, the control group did not stain with AR. 
These results indicate that the isolated AD-MSC cell 
line has the appropriate potential to differentiate and 
further confirms the stemness of the isolated cells.

Immunomodulatory effects of AD-MSCs cultured  
with Dex or IFN-γ

In total, 105 spleen mononuclear cells were cultured with 
different doses of IFN-γ or Dex-treated AD-MSCs for 
three days. The mononuclear cells were pre-stained with 
CFSE and flowcytometry was performed to assess cell 
proliferation (figure 4). In the positive control group, 
CFSE-stained cells were treated with PHA to activate 
the cells. The negative control group was not treated with 
PHA. As seen in figure 5, adding PHA resulted in a sig-
nificant increase in proliferation rate (p<0.001). Addition 
of untreated MSCs to PHA-treated splenocytes slightly 
increased the rate of splenocyte proliferation, however, 
this was not statistically significant. Treatment with 20 
and 50 ng/mL IFN-γ resulted in a significant reduction 
of proliferation when compared with control 
(PHA+untreated MSC) (p=0.02 and p<0.001, respec-
tively). Interestingly, culturing splenocytes with low-dose 
Dex-treated MSCs resulted in upregulation of prolifer-
ation; 10 and 100 ng/mL of Dex increased cell prolifera-
tion significantly (p=0.009 and p=0.02 respectively). On 
the other hand, higher doses of Dex (500 and 1,000 ng/
mL) decreased proliferation, although this down-regu-
lation was not statistically significant.

Immunomodulatory effects of MSC supernatant on 
mononuclear cell proliferation

In total, 105 spleen mononuclear cells were cultured with 
supernatants of AD-MSCs treated with different doses 
of IFN-γ or Dex for three days. Mononuclear cells were 
stained with CFSE to examine the proliferation rate by 

Figure 1
Morphology of AD-MSCs after Passages 1 to 3. A) Passage 1. B) Passage 2. C) Passage 3.
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Figure 2
Immunophenotyping of AD-MSCs. Cells were examined for expression of CD34, CD44, CD45, and CD105 surface molecules.  

CD44 and CD105 were highly expressed on cells, whereas CD34 and CD 34 exhibited low expression levels.
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Figure 3
AR staining was performed to visualize tissue mineralization in order to assess osteogenesis. Unlike the control group (A), cells 

cultured in the osteogenic medium (B) showed significant tissue mineralization. 

flowcytometry. By comparing the mononuclear cell pro-
liferation rate between the PHA group and 
PHA+untreated MSC supernatant group, the untreated 
MSC supernatant was shown to significantly increase 
mononuclear cell proliferation (p<0.001) (figure 6). The 
supernatant of IFN-γ-treated MSCs decreased mono-
nuclear cell proliferation rate at all concentrations com-
pared with the PHA+untreated MSC supernatant 
group. However, this decrease was only statistically sig-
nificant with 5 and 50 ng/mL of IFN-γ (p=0.038 and 
p=0.009, respectively). All cell lines cultured with 
Dex-treated MSC supernatant exhibited lower prolif-
eration levels compared with PHA+untreated MSC 

supernatant. This down-regulation was only significant 
with 500 ng/mL Dex (p=0.004).

DISCUSSION

One of the treatment methods for autoimmune diseases 
and sepsis, currently being studied, is to use MSCs. 
MSCs possess a wide range of immunomodulatory 
properties which affect several immune cell types. 
AD-MSCs are often harvested due to ease of access and 
the fact that an adequate number of cells may be 
obtained compared with other types [2]. MSCs are often 
characterized by their surface molecules. Several surface 
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Figure 4
Flowcytometry analysis of the proliferation rate of splenocytes co-cultured with IFN-γ or Dex. A) Number of living cells based on 
forward scatter (FSC) and side scatter (SSC). B) Percentage of proliferation of PBMCs co-cultured with MSCs preconditioned with 

10 ng/mL Dex compared to untreated cells.
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Analysis of the proliferation rate of CFSE-stained spleen mononuclear cells, co-cultured with MSCs, pre-treated with Dex or IFN-γ. 

After three days, flowcytometry analysis was performed to assess mononuclear cell proliferation. The ONE Way ANOVA test was 
used to compare the proliferation rate between study groups and the results are presented as mean ± SD. Statistically significant 

results are shown as *p<0.05*, p<0.01**, p<0.001***.
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Analysis of the proliferation rate of CFSE-stained spleen mononuclear cells co-cultured with the supernatant of MSCs, pre-treated 
with Dex or IFN-γ. Flowcytometry was performed after three days of culture. Groups were compared using the ONE Way ANOVA 

test and results are reported as mean ± SD. Statistical significance is shown as p<0.05*, p<0.01**, p<0.001***.
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molecules including CD44, CD90, and CD105 are asso-
ciated with MSCs. On the other hand, CD34, CD45, 
and CD79 are rarely expressed on MSCs [27-29]. Based 
on a flowcytometry assay, we measured the level of a 
number of these surface molecules. The isolated cells 
were rich in CD44 and CD105 and poor in CD34 and 
CD45. In addition, another characteristic of MSCs is 
their inherent ability to differentiate into several cell 
lines [30]. We performed an osteogenic assay using a 
traditional osteogenic medium to examine osteogenic 
potential of the isolated cells. AR staining of cells after 
the osteogenic assay revealed a high level of matrix cal-
cium deposition which is an indicator of osteogenesis. 
These results confirmed the stemness of the isolated 
AD-MSCs.
Comparison between splenocytes stimulated with 
PHA with and without MSC co-culture demonstrated 
that the presence of MSCs did not significantly affect 
the proliferation of splenocytes. Immunomodulatory 
effects of MSCs on immune cells can be stimulatory 
or inhibitory. Some studies show that the inhibitory 
or stimulating function of MSCs in the in vitro envi-
ronment depends on the ratio between the number of 
MSCs and splenocytes and the amount of stimulating 
substance present in the in vitro environment, which 
may stimulate the proliferation of immune cells. The 
study by Herzig and colleagues, recently published in 
2018 [31], shows that the ratio of the number of MSCs 
to immune cells is important regarding the type of 
MSC effect (inhibition or stimulation) on immune 
cells. MSCs are capable of inhibiting the proliferation 
of PBMCs in vitro if they are cultured at a high density 
(confluent MSCs) with these cells, and conversely, 
when co-cultured at a low density with PBMCs, the 
proliferation of PBMCs increases compared to the 
control group (PBMCs cultured with PHA). In our 
study, the ratio of the number of MSCs to splenocytes 
was 1 to 10, probably because MSCs were not  
confluent and were cultured with splenocytes in small 
numbers, thus our study is consistent with that of 
Herzig et al. Another variable which influences MSC 
immunomodulatory outcome is the concentration of 
the immune cell activator. Renner et al. found that, in 
contrast to low concentrations, high concentrations 
of concanavalin A and proinflammatory cytokines 
result in a more notable immunosuppression by  
MSCs [32]. In our study, we used PHA to induce  
mononuclear cell proliferation with a concentration 
of 1-2%, which has previously been reported to 
contribute to MSC immunosuppression [33]. We 
co-cultured AD-MSCs, primed with four concentra-
tions of IFN-γ, with mouse spleen mononuclear cells, 
and immunosuppressive effects were observed with 
IFN-γ pre-treatment in a dose-dependent manner. 
Previous studies have reported similar results. In a 
study by De Witte et al. [34], IFN-γ-treated MSCs 
derived from human umbilical cord were co-cultured 
with PBMCs. The proliferation of PBMCs was signif-
icantly reduced when cultured with IFN-γ-primed 
MSCs, and the expression of IDO and PD-L1, immu-
noregulatory agents that block lymphocyte prolifera-
tion, was increased. It seems that IDO expression 
plays a key role in anti-inflammatory effects of MSCs. 

In a study by Valencic et al. [35], human AD-MSCs 
and Wharton’s jelly MSCs were preconditioned with 
IFN-γ and co-cultured with PBMCs. Treatment with 
IFN-γ reduced PBMC proliferation and resulted in 
differential gene expression, affecting the expression 
of 512 genes, including IDO. Also, the JAK/STAT 
signalling pathway was shown to be responsible for 
IDO over-expression. Another consistent result from 
the study of Meisel and colleagues [36] was the finding 
that the expression rate of IDO inhibitory factor 
increased in a dose-dependent manner relative to an 
increasing concentration of IFN-γ (from 10 U/mL to 
500 U/mL) in MSCs derived from bone marrow. 
François et al. [37] reported a similar result. In this 
study, after 24 hours of culture of MSCs with  
10 ng/mL of the inflammatory factor, IFN-γ, the 
inhibitory effect of MSCs on PBMC proliferation 
increased significantly compared to the untreated 
group. As this effect is seen with a ratio of 1:3, but not 
1:9 or 1:27, of MSC:PBMCs, it seems that the effect 
of a low ratio of MSCs:immune cells on the inhibitory 
function of MSCs may be improved by treatment with 
a high concentration of this inflammatory factor [37]. 
Other studies emphasize the necessity of other 
cytokines along with IFN-γ to increase the immuno-
suppressive activity of MSC [38, 39]. For example, Li 
and colleagues [38] considered the importance of the 
presence of other inflammatory cytokines along with 
IFN-γ and the addition of appropriate concentrations 
of these cytokines to trigger the immunosuppressive 
function of MSCs. In this study, the treatment of 
MSCs with different concentrations of IFN-γ and sub-
sequent additional co-culture with splenocytes did not 
inhibit the proliferation of splenocytes, but by adding 
TNF-α together with IFN-γ to MSCs, a decrease in 
the proliferation of splenocytes was observed, indicat-
ing the importance of the presence of appropriate 
amounts of inflammatory cytokines in MSC culture 
medium and their synergistic effect to increase the 
immunosuppressive function of these cells.
Spleen mononuclear cells were also cultured with 
AD-MSCs preconditioned with four concentrations of 
Dex. At the concentrations of 10 and 100 ng/mL, Dex 
seemed to increase mononuclear cell proliferation. One 
of the most common immunosuppressive drugs is cor-
ticosteroid dexamethasone. Since most of the studies 
conducted so far on the effect of dexamethasone on 
MSCs have focussed on the proliferation and differen-
tiation of these cells, very few studies have investigated 
the effect of this drug on the immunosuppressive func-
tion of MSCs. In our study, higher concentrations of 
Dex reduced proliferation, however, this reduction was 
not statistically significant. Collectively, Dex treatment 
did not reduce immune cell proliferation, and moreo-
ver, increased proliferation at low concentrations. Data 
from similar studies demonstrates the same results. 
Chen et al. [40] investigated the effects of Dex on MSC 
immunomodulation. The results from this study indi-
cated that co-culturing anti-CD3 activated splenocytes 
with MSCs in the presence of a graded amount of Dex, 
at doses of up to 1 ng/mL, increased cell proliferation 
in a dose-dependent manner. However, at concentra-
tions of 1-100 ng/mL of Dex, a downward trend in 
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splenocyte proliferation was observed. All in all, this 
corticosteroid seems to exhibit inhibitory effects on the 
immunosuppressive outcome of MSCs. The underlying 
reason for the small antiproliferative effect observed 
in the co-culture of MSCs and splenocytes could be due 
to the fact that, in the absence of inflammatory 
cytokines, MSCs may have gained a pro-inflammatory 
phenotype and caused an upregulation of proliferation. 
Moreover, in MSCs, Dex has been shown to exert its 
effects partly through the inhibition of mouse iNOS 
and human IDO transcription factors. In other words, 
Dex prevents inflammatory cytokine-induced immu-
nosuppression by blocking iNOS or IDO expression 
which likely takes place via modulation of STAT1 
phosphorylation in MSCs. Therefore, it seems that 
MSCs treated with Dex ought to exhibit greater inhib-
itory effects compared with the supernatant counter-
part. The results from our study are in agreement with 
the study of Chen et al. [40]. Another study by Ankrum 
and colleagues [20] showed that the treatment of human 
MSCs with budesonide (a steroid drug similar to Dex) 
increased the expression of the inhibitory factor, IDO, 
in these cells. In this study, MSCs were initially cultured 
with budesonide (1 µM), and then, after 24 hours, 
IFN-γ was added. After 48 hours, the amount of IDO 
obtained from MSCs was measured by western blot-
ting. The highest level of IDO expression from MSCs 
was obtained when budesonide was added along with 
IFN-γ; such an effect on the increase of IDO expression 
was not observed when added alone. The authors sub-
sequently demonstrated that budesonide increased 
IDO expression mediated by glucocorticoid receptors 
which enhances MSC immunomodulatory function. 
Since glucocorticoid receptor may bind to other gluco-
corticoid steroids, repeating this step of the experiment 
with Dex (1 µM) produced a similar result. Therefore, 
it seems that the combination of this steroid drug with 
inflammatory factors can reduce its adverse effect and 
even increase the immunosuppressive function of 
MSCs [20].
The most recent study of the effect of Dex on the immu-
nosuppressive function of MSCs, recently reported by 
Javorkova and colleagues [41], evaluated the effect of 
Dex on human MSCs. After treating MSCs with a con-
centration of 0.5 μg/mL of Dex, the expression of IDO 
did not change. Moreover, no increase in IDO expres-
sion was observed with the combination of IFN-γ and 
Dex, in contrast to the study of Ankrum and colleagues 
[20]. However, a combination of IFN-γ and Dex inhib-
ited the expression of many other inhibitory factors, 
such as TSG-6 (tumour necrosis factor-inducible gene 
6) and COX-2 enzyme (cyclooxygenase-2, which causes 
the production of PGE2 inhibitory factor) in MSCs 
compared to MSCs treated with IFN-γ; Dex alone did 
not increase the expression of these inhibitory factors 
compared to the control group (untreated MSCs) [41].
The study of Buron and colleagues [42] indicated that 
the concentrations of 0.01, 0.1 and 1 ng/mL of Dex in 
MSC and splenocyte coculture, with a ratio of 1:10 and 
1:5, did not change the immunosuppressive perfor-
mance of MSC, however, at a ratio of 1:20 with an 
increase in the concentration of Dex, the proliferation 
of splenocytes decreased and the immunosuppressive 

function of MSCs strengthened. The difference between 
the aforementioned studies and our study is the simul-
taneous presence of MSCs, splenocytes and Dex in this 
co-culture. Since MSCs were not pre-treated with Dex, 
we may thus eliminate a direct effect of dexamethasone 
in the culture medium.
Finally, we tested the effects of Dex or IFN-γ-treated MSC 
supernatants on spleen mononuclear cells. By comparing 
the proliferation of splenocytes stimulated with PHA, cul-
tured with or without the supernatant from untreated 
MSCs, we demonstrate that the proliferation of spleno-
cytes in the presence of MSC supernatant was significantly 
increased. In a similar study, Augello et al. [43] reported 
that although MSCs induce an inhibitory effect on T cell 
proliferation, culturing of T cells with MSC supernatants 
resulted in enhancement of proliferation. The results from 
microarray analysis indicate that several growth factors 
secreted by MSCs increase the proliferation of responding 
cells when cultured with the corresponding supernatants. 
Therefore, it is possible that the secreted growth factors 
from MSCs and disruption of direct contact between 
MSCs and spleen mononuclear cells cause a decrease in 
MSC inhibitory effects and increase in proliferation of 
mononuclear cells [44].
However, addition of Dex and IFN-γ resulted in 
down-regulation of proliferation. This down-regulation 
was significant at IFN-γ concentrations of 5 and  
50 ng/mL and a Dex concentration of 500 ng/mL. Few 
studies have focused on the effects of activated MSC 
supernatants on immune cell proliferation. DelaRosa 
et al. [45] reported that supernatants of MSCs treated 
with IFN-γ, unlike untreated MSCs, significantly 
reduced human lymphocyte proliferation. Nevertheless, 
MSC supernatants are generally reported to reduce 
immune cell proliferation to a lesser extent compared 
to MSC co-culture [46, 47]. A recent study reported that 
although MSC co-culture suppresses proliferation to a 
greater extent relative to MSC supernatant, higher  
levels of FOXP3+/IL-17+ were found in vivo with MSC 
supernatant [48]. This suggests that MSC supernatant 
might exert immunosuppressive effects through other 
mechanisms than mere reduction of cell proliferation. 
Soluble factors, such as IDO, HGF, TGF-β1, and  
PGE-2, play important roles in supernatant-mediated 
effects [49-51]. Most of the studies in which  
MSC-derived soluble factors have effectively inhibited 
T cell proliferation have been conducted in transwell 
systems [46, 48, 52] or similar systems (such as encap-
sulated MSCs) where MSCs were also present in the 
culture medium at the same time, but without any direct 
cell contact with immune cells [53]. On the other hand, 
for most studies in which direct cell contact was  
considered necessary for the inhibitory effect of MSCs 
on T lymphocyte proliferation, the supernatant of these 
cells was used [44] or MSCs were previously removed 
from the culture medium following co-culture with  
T cells. Generally, in these studies, T cell-enriched cell 
populations have been investigated rather than mixed 
lymphocyte populations [54-56]. Differences and  
variations in the types of methods for investigating the 
effect of MSC soluble factors have clouded our  
understanding of the main mechanism involved in this 
type of MSC inhibitory effect [48]. Studies show that in 
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order to optimise investigation of the inhibitory effect 
of MSC supernatant relative to MSC co-culture with 
immune cells, the supernatant should be concentrated 
[54, 56, 57]. For the direct contact of cells during  
co-culture, a small dose of MSCs is sufficient to inhibit 
T cells. However, for the supernatant, a higher  
equivalent concentration of supernatant is necessary to 
observe an inhibitory effect [56-58]. Further studies are 
needed to fully grasp the effects of MSC supernatant 
on immunomodulation. Elucidating the mechanism 
governing this phenomenon may lead to development 
of therapeutic methods in the future.

CONCLUSION

In this study, we demonstrate that naïve MSCs do not 
possess immunomodulatory effects on spleen mono-
nuclear cells. However, priming MSCs with IFN-γ or 
Dex can lead to upregulation or down-regulation of 
immune cell proliferation. Moreover, MSC superna-
tant exhibited similar results to MSC co-culture, how-
ever, collectively, stronger responses were achieved by 
MSC co-culture relative to supernatant, although 
supernatant effects could be enhanced by increasing 
the concentration or isolating/purifying certain 
cytokines. All in all, our results provide a better under-
standing of MSC-mediated immunomodulation and 
pave the way for in vivo studies with the goal of reach-
ing the clinic as a novel treatment method for autoim-
mune diseases.

Disclosure. Financial support: none. Conflict of interest: none.

REFERENCES

1.	 Wu X, Jiang J, Gu Z, Zhang J, Chen Y, Liu X. Mesenchymal 
stromal cell therapies: immunomodulatory properties and clinical 
progress. Stem Cell Res Ther 2020 ; 11 : 345.

2.	 Weiss ARR, Dahlke MH. Immunomodulation by mesenchymal 
stem cells (MSCs): mechanisms of action of living, apoptotic, 
and dead MSCs. Front Immunol 2019 ; 10 : 1191.

3.	 Song N, Scholtemeijer M, Shah K. Mesenchymal stem cell 
immunomodulation: mechanisms and therapeutic potential. 
Trends Pharmacol Sci 2020 ; 41 : 653-64.

4.	 Zhou L, Hao Q, Sugita S, et al. Role of CD44 in increasing the 
potency of mesenchymal stem cell extracellular vesicles by hyaluronic 
acid in severe pneumonia. Stem Cell Res Ther 2021 ; 12 : 293.

5.	 Gao F, Chiu SM, Motan DAL, et al. Mesenchymal stem cells 
and immunomodulation: current status and future prospects. Cell 
Death Dis 2016 ; 7 : e2062-e.

6.	 Jasim SA, Yumashev AV, Abdelbasset WK, et al. Shining the 
light on clinical application of mesenchymal stem cell therapy in 
autoimmune diseases. Stem Cell Res Ther 2022 ; 13 : 101.

7.	 Müller L, Tunger A, Wobus M, et al. Immunomodulatory 
properties of mesenchymal stromal cells: an update. Front Cell 
Dev Biol 2021 ; 9.

8.	 Wang M, Yuan Q, Xie L. Mesenchymal stem cell-based 
immunomodulation: properties and clinical application. Stem 
Cells Int 2018 ; 2018:3057624.

9.	 Cui R, Rekasi H, Hepner-Schefczyk M, et al. Human mesenchymal 
stromal/stem cells acquire immunostimulatory capacity upon 
cross-talk with natural killer cells and might improve the NK 

cell function of immunocompromised patients. Stem Cell Res 
Ther 2016 ; 7 : 88.

10.	 Vallant N, Sandhu B, Hamaoui K, Prendecki M, Pusey C, 
Papalois V. Immunomodulatory properties of mesenchymal 
stromal cells can vary in genetically modified rats. Int J Mol Sci 
2021 ; 22: 1181.

11. Peng W, Chang M, Wu Y, et al. Lyophilized powder of 
mesenchymal stem cell supernatant attenuates acute lung injury 
through the IL-6–p-STAT3–p63–JAG2 pathway. Stem Cell Res 
Ther 2021 ; 12 : 216.

12.	 Park IS, Kim JH, Bae JS, Kim DK, Mo JH. The supernatant of 
tonsil-derived mesenchymal stem cell has antiallergic effects in allergic 
rhinitis mouse model. Mediators Inflamm 2020 ; 2020 : 6982438.

13.	 Asari S, Itakura S, Ferreri K, et al. Mesenchymal stem cells suppress 
B-cell terminal differentiation. Exp Hematol 2009 ; 37 : 604-15.

14.	 López-García L, Castro-Manrreza ME. TNF-α and IFN-γ 
participate in improving the immunoregulatory capacity of 
mesenchymal stem/stromal cells: importance of cell–cell contact 
and extracellular vesicles. Int J Mol Sci 2021 ; 22 : 9531.

15.	 Noronha NDC, Mizukami A, Caliári-Oliveira C, et al. Priming 
approaches to improve the efficacy of mesenchymal stromal cell-
based therapies. Stem Cell Res Ther 2019 ; 10 : 131.

16.	 Kim DS, Jang IK, Lee MW, et al. Enhanced immunosuppressive 
properties of human mesenchymal stem cells primed by 
Interferon-γ. EBioMedicine 2018 ; 28 : 261-73.

17.	 Wang Y, Chen X, Cao W, Shi Y. Plasticity of mesenchymal 
stem cells in immunomodulation: pathological and therapeutic 
implications. Nat Immunol 2014 ; 15 : 1009-16.

18.	 Noreen S, Maqbool I, Madni A. Dexamethasone: therapeutic 
potential, risks, and future projection during COVID-19 
pandemic. Eur J Pharmacol 2021 ; 894 : 173854.

19.	 Rawat S, Dadhwal V, Mohanty S. Dexamethasone priming enhances 
stemness and immunomodulatory property of tissue-specific human 
mesenchymal stem cells. BMC Dev Biol 2021 ; 21  : 16.

20.	 Ankrum JA, Dastidar RG, Ong JF, Levy O, Karp JM. 
Performance-enhanced mesenchymal stem cells via intracellular 
delivery of steroids. Sci Rep 2014 ; 4 : 4645.

21.	 Anderson P, Carrillo-Gálvez AB, Martín F. Isolation of murine 
adipose tissue-derived mesenchymal stromal cells (mASCs) and the 
analysis of their proliferation in vitro. Bio-protocol 2015 ; 5 : e1642.

22.	 Ciuffreda MC, Malpasso G, Musarò P, Turco V, Gnecchi M. 
Protocols for in vitro differentiation of human mesenchymal 
stem cells into osteogenic, chondrogenic and adipogenic lineages. 
Methods Mol Biol 2016 ; 1416 : 149-58.

23.	 Cai S, Fujino M, Lu L, Li XK. In vivo priming of T cells with 
in vitro pulsed dendritic cells :  popliteal lymph node assay. Bio-
Protoc 2017 ; 7 : e2531-e.

24.	 Cuerquis J, Romieu-Mourez R, François M, et al. Human 
mesenchymal stromal cells transiently increase cytokine 
production by activated T cells before suppressing T-cell 
proliferation: effect of interferon-γ and tumor necrosis factor-α 
stimulation. Cytotherapy 2014 ; 16 : 191-202.

25.	 Liu Y, Han ZP, Zhang SS, et al. Effects of inflammatory factors on 
mesenchymal stem cells and their role in the promotion of tumor 
angiogenesis in colon cancer. J Biol Chem 2011 ; 286 : 25007-15.

26.	 Wang HY, Gao W, Liu YJ, Pang TX. Dexamethasone impairs 
immunosuppressive ability of mesenchymal stem cells. Zhongguo 
Shi Yan Xue Ye Xue Za Zhi 2012 ; 20 : 1191-4.

27.	 Andreeva NV, Dalina AA, Belyavsky AV. Isolation and expansion 
of mesenchymal stem cells from murine adipose tissue. Bio-Protoc 
2017 ; 7 : e2516.

28.	 Sun S, Guo Z, Xiao X, et al. Isolation of mouse marrow 
mesenchymal progenitors by a novel and reliable method. Stem 
Cells 2003 ; 21 : 527-35.

https://www.ncbi.nlm.nih.gov/pubmed/?term=32771052 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32771052 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32771052 
https://www.ncbi.nlm.nih.gov/pubmed/?term=31214172 
https://www.ncbi.nlm.nih.gov/pubmed/?term=31214172 
https://www.ncbi.nlm.nih.gov/pubmed/?term=31214172 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32709406 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32709406 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32709406 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34016170 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34016170 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34016170 
https://www.ncbi.nlm.nih.gov/pubmed/?term=26794657 
https://www.ncbi.nlm.nih.gov/pubmed/?term=26794657 
https://www.ncbi.nlm.nih.gov/pubmed/?term=26794657 
https://www.ncbi.nlm.nih.gov/pubmed/?term=35255979 
https://www.ncbi.nlm.nih.gov/pubmed/?term=35255979 
https://www.ncbi.nlm.nih.gov/pubmed/?term=35255979 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33634139 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33634139 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33634139 
https://www.ncbi.nlm.nih.gov/pubmed/?term=30013600 
https://www.ncbi.nlm.nih.gov/pubmed/?term=30013600 
https://www.ncbi.nlm.nih.gov/pubmed/?term=30013600 
https://www.ncbi.nlm.nih.gov/pubmed/?term=27388156 
https://www.ncbi.nlm.nih.gov/pubmed/?term=27388156 
https://www.ncbi.nlm.nih.gov/pubmed/?term=27388156 
https://www.ncbi.nlm.nih.gov/pubmed/?term=27388156 
https://www.ncbi.nlm.nih.gov/pubmed/?term=27388156 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33504032 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33504032 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33504032 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33504032 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33781349 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33781349 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33781349 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33781349 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32322164 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32322164 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32322164 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19375651 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19375651 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34502453 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34502453 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34502453 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34502453 
https://www.ncbi.nlm.nih.gov/pubmed/?term=31046833 
https://www.ncbi.nlm.nih.gov/pubmed/?term=31046833 
https://www.ncbi.nlm.nih.gov/pubmed/?term=31046833 
https://www.ncbi.nlm.nih.gov/pubmed/?term=29366627 
https://www.ncbi.nlm.nih.gov/pubmed/?term=29366627 
https://www.ncbi.nlm.nih.gov/pubmed/?term=29366627 
https://www.ncbi.nlm.nih.gov/pubmed/?term=25329189 
https://www.ncbi.nlm.nih.gov/pubmed/?term=25329189 
https://www.ncbi.nlm.nih.gov/pubmed/?term=25329189 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33428898 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33428898 
https://www.ncbi.nlm.nih.gov/pubmed/?term=33428898 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34736395 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34736395 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34736395 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24717973 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24717973 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24717973 
https://www.ncbi.nlm.nih.gov/pubmed/?term=27236670 
https://www.ncbi.nlm.nih.gov/pubmed/?term=27236670 
https://www.ncbi.nlm.nih.gov/pubmed/?term=27236670 
https://www.ncbi.nlm.nih.gov/pubmed/?term=27236670 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34541187 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34541187 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34541187 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24438900 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24438900 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24438900 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24438900 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24438900 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21592963 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21592963 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21592963 
https://www.ncbi.nlm.nih.gov/pubmed/?term=23114146 
https://www.ncbi.nlm.nih.gov/pubmed/?term=23114146 
https://www.ncbi.nlm.nih.gov/pubmed/?term=23114146 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34541177 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34541177 
https://www.ncbi.nlm.nih.gov/pubmed/?term=34541177 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12968107 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12968107 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12968107 


78� Fatemeh Bayati et al.

29.	 Andreeva NV, Bonartsev AP, Zharkova, II, et al. Culturing 
of mouse mesenchymal stem cells on poly-3-hydroxybutyrate 
scaffolds. Bull Exp Biol Med 2015 ; 159 : 567-71.

30.	 Pittenger MF, Discher DE, Péault BM, Phinney DG, Hare JM, 
Caplan AI. Mesenchymal stem cell perspective: cell biology to 
clinical progress. npj Regen Med 2019 ; 4 : 22.

31.	 Herzig MC, Christy BA, Montgomery RK, et al. Analysis of the 
interactions of human mesenchymal stem cells with peripheral 
blood mononuclear cells in a mixed lymphocyte reaction (MLR) 
assay. Cytotherapy 2018 ; 20 : S40.

32.	 Renner P, Eggenhofer E, Rosenauer A, et al. Mesenchymal stem 
cells require a sufficient, ongoing immune response to exert their 
immunosuppressive function. Transplant Proc 2009 ; 41 : 2607-11.

33.	 Gomzikova MO, Kletukhina SK, Kurbangaleeva SV, et al. 
Mesenchymal stem cell derived biocompatible membrane vesicles 
demonstrate immunomodulatory activity inhibiting activation 
and proliferation of human mononuclear cells. Pharmaceutics 
2020 ; 12 : 577.

34.	 de Witte SFH, Merino AM, Franquesa M, et al. Cytokine 
treatment optimises the immunotherapeutic effects of umbilical 
cord-derived MSC for treatment of inflammatory liver disease. 
Stem Cell Res Ther 2017 ; 8 : 140.

35.	 Valencic E, Piscianz E, Andolina M, Ventura A, Tommasini A. 
The immunosuppressive effect of Wharton’s jelly stromal cells 
depends on the timing of their licensing and on lymphocyte 
activation. Cytotherapy 2010 ; 12 : 154-60.

36.	 Meisel R, Zibert A, Laryea M, Göbel U, Däubener W, Dilloo 
D. Human bone marrow stromal cells inhibit allogeneic T-cell 
responses by indoleamine 2,3-dioxygenase-mediated tryptophan 
degradation. Blood 2004 ; 103 : 4619-21.

37.	 François M, Romieu-Mourez R, Li M, Galipeau J. Human MSC 
suppression correlates with cytokine induction of indoleamine 
2,3-dioxygenase and bystander M2 macrophage differentiation. 
Mol Ther 2012 ; 20 : 187-95.

38.	 Li W, Ren G, Huang Y, et al. Mesenchymal stem cells: a double-
edged sword in regulating immune responses. Cell Death Differ 
2012 ; 19 : 1505-13.

39.	 Hegyi B, Kudlik G, Monostori E, Uher F. Activated T-cells and 
pro-inflammatory cytokines differentially regulate prostaglandin 
E2 secretion by mesenchymal stem cells. Biochem Biophys Res 
Commun 2012 ; 419 : 215-20.

40.	 Chen X, Gan Y, Li W, et al. The interaction between mesenchymal 
stem cells and steroids during inflammation. Cell Death Dis 2014  ; 
5 : e1009-e.

41.	 Javorkova E, Vackova J, Hajkova M, et al. The effect of 
clinically relevant doses of immunosuppressive drugs on human 
mesenchymal stem cells. Biomed Pharmacother 2018 ; 97 : 402-11.

42.	 Buron F, Perrin H, Malcus C, et al. Human mesenchymal stem cells 
and immunosuppressive drug interactions in allogeneic responses: an 
in vitro study using human cells. Transplant Proc 2009 ; 41 : 3347-52.

43.	 Augello A, Tasso R, Negrini SM, et al. Bone marrow mesenchymal 
progenitor cells inhibit lymphocyte proliferation by activation of the 
programmed death 1 pathway. Eur J Immunol 2005 ; 35 : 1482-90.

44.	 Potian JA, Aviv H, Ponzio NM, Harrison JS, Rameshwar P. Veto-
like activity of mesenchymal stem cells: functional discrimination 
between cellular responses to alloantigens and recall antigens. J 
Immunol 2003 ; 171 : 3426-34.

45.	 DelaRosa O, Lombardo E, Beraza A, et al. Requirement of 
IFN-gamma-mediated indoleamine 2,3-dioxygenase expression 
in the modulation of lymphocyte proliferation by human adipose-
derived stem cells. Tissue Eng Part A 2009 ; 15 : 2795-806.

46.	 Djouad F, Plence P, Bony C, et al. Immunosuppressive effect 
of mesenchymal stem cells favors tumor growth in allogeneic 
animals. Blood 2003 ; 102 : 3837-44.

47.	 Yañez R, Lamana ML, García-Castro J, Colmenero I, Ramírez 
M, Bueren JA. Adipose tissue-derived mesenchymal stem cells 
have in vivo immunosuppressive properties applicable for the 
control of the graft-versus-host disease. Stem Cells 2006 ; 24 : 
2582-91.

48.	 Kay AG, Long G, Tyler G, et al. Mesenchymal stem cell-
conditioned medium reduces disease severity and immune 
responses in inflammatory arthritis. Sci Rep 2017 ; 7 : 18019.

49.	 Krampera M, Glennie S, Dyson J, et al. Bone marrow 
mesenchymal stem cells inhibit the response of naive and memory 
antigen-specific T cells to their cognate peptide. Blood 2003 ; 101  : 
3722-9.

50.	 Chen PM, Liu KJ, Hsu PJ, et al. Induction of immunomodulatory 
monocytes by human mesenchymal stem cell-derived hepatocyte 
growth factor through ERK1/2. J Leukoc Biol 2014 ; 96 : 295-303.

51.	 Ghannam S, Bouffi C, Djouad F, Jorgensen C, Noël D. 
Immunosuppression by mesenchymal stem cells: mechanisms 
and clinical applications. Stem Cell Res Ther 2010 ; 1 : 2.

52.	 Di Nicola M, Carlo-Stella C, Magni M, et al. Human bone 
marrow stromal cells suppress T-lymphocyte proliferation 
induced by cellular or nonspecific mitogenic stimuli. Blood 2002 
; 99 : 3838-43.

53.	 Zanotti L, Sarukhan A, Dander E, et al. Encapsulated 
mesenchymal stem cells for in vivo immunomodulation. Leukemia 
2013 ; 27 : 500-3.

54.	 Duffy MM, Pindjakova J, Hanley SA, et al. Mesenchymal stem 
cell inhibition of T-helper 17 cell- differentiation is triggered by 
cell-cell contact and mediated by prostaglandin E2 via the EP4 
receptor. Eur J Immunol 2011 ; 41 : 2840-51.

55.	 Glennie S, Soeiro I, Dyson PJ, Lam EW, Dazzi F. Bone marrow 
mesenchymal stem cells induce division arrest anergy of activated 
T cells. Blood 2005 ; 105 : 2821-7.

56.	 Saldanha-Araujo F, Ferreira FI, Palma PV, et al. Mesenchymal 
stromal cells up-regulate CD39 and increase adenosine production 
to suppress activated T-lymphocytes. Stem Cell Res 2011 ; 7 : 66-74.

57.	 Najar M, Rouas R, Raicevic G, et al. Mesenchymal stromal cells 
promote or suppress the proliferation of T lymphocytes from cord 
blood and peripheral blood: the importance of low cell ratio and 
role of interleukin-6. Cytotherapy 2009 ; 11 : 570-83.

58.	 Yang SH, Park MJ, Yoon IH, et al. Soluble mediators from 
mesenchymal stem cells suppress T cell proliferation by inducing 
IL-10. Exp Mol Med 2009 ; 41 : 315-24.

https://www.ncbi.nlm.nih.gov/pubmed/?term=26388561 
https://www.ncbi.nlm.nih.gov/pubmed/?term=26388561 
https://www.ncbi.nlm.nih.gov/pubmed/?term=26388561 
https://www.ncbi.nlm.nih.gov/pubmed/?term=31815001 
https://www.ncbi.nlm.nih.gov/pubmed/?term=31815001 
https://www.ncbi.nlm.nih.gov/pubmed/?term=31815001 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19715984 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19715984 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19715984 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32585863 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32585863 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32585863 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32585863 
https://www.ncbi.nlm.nih.gov/pubmed/?term=32585863 
https://www.ncbi.nlm.nih.gov/pubmed/?term=28595619 
https://www.ncbi.nlm.nih.gov/pubmed/?term=28595619 
https://www.ncbi.nlm.nih.gov/pubmed/?term=28595619 
https://www.ncbi.nlm.nih.gov/pubmed/?term=28595619 
https://www.ncbi.nlm.nih.gov/pubmed/?term=20078387 
https://www.ncbi.nlm.nih.gov/pubmed/?term=20078387 
https://www.ncbi.nlm.nih.gov/pubmed/?term=20078387 
https://www.ncbi.nlm.nih.gov/pubmed/?term=20078387 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15001472 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15001472 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15001472 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15001472 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21934657 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21934657 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21934657 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21934657 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22421969 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22421969 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22421969 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22333568 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22333568 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22333568 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22333568 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24457953 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24457953 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24457953 
https://www.ncbi.nlm.nih.gov/pubmed/?term=29091890 
https://www.ncbi.nlm.nih.gov/pubmed/?term=29091890 
https://www.ncbi.nlm.nih.gov/pubmed/?term=29091890 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19857747 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19857747 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19857747 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15827960 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15827960 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15827960 
https://www.ncbi.nlm.nih.gov/pubmed/?term=14500637 
https://www.ncbi.nlm.nih.gov/pubmed/?term=14500637 
https://www.ncbi.nlm.nih.gov/pubmed/?term=14500637 
https://www.ncbi.nlm.nih.gov/pubmed/?term=14500637 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19231921 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19231921 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19231921 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19231921 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12881305 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12881305 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12881305 
https://www.ncbi.nlm.nih.gov/pubmed/?term=16873762 
https://www.ncbi.nlm.nih.gov/pubmed/?term=16873762 
https://www.ncbi.nlm.nih.gov/pubmed/?term=16873762 
https://www.ncbi.nlm.nih.gov/pubmed/?term=16873762 
https://www.ncbi.nlm.nih.gov/pubmed/?term=16873762 
https://www.ncbi.nlm.nih.gov/pubmed/?term=29269885 
https://www.ncbi.nlm.nih.gov/pubmed/?term=29269885 
https://www.ncbi.nlm.nih.gov/pubmed/?term=29269885 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12506037 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12506037 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12506037 
https://www.ncbi.nlm.nih.gov/pubmed/?term=12506037 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24714552 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24714552 
https://www.ncbi.nlm.nih.gov/pubmed/?term=24714552 
https://www.ncbi.nlm.nih.gov/pubmed/?term=20504283 
https://www.ncbi.nlm.nih.gov/pubmed/?term=20504283 
https://www.ncbi.nlm.nih.gov/pubmed/?term=20504283 
https://www.ncbi.nlm.nih.gov/pubmed/?term=11986244 
https://www.ncbi.nlm.nih.gov/pubmed/?term=11986244 
https://www.ncbi.nlm.nih.gov/pubmed/?term=11986244 
https://www.ncbi.nlm.nih.gov/pubmed/?term=11986244 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22878604 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22878604 
https://www.ncbi.nlm.nih.gov/pubmed/?term=22878604 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21710489 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21710489 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21710489 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21710489 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15591115 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15591115 
https://www.ncbi.nlm.nih.gov/pubmed/?term=15591115 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21546330 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21546330 
https://www.ncbi.nlm.nih.gov/pubmed/?term=21546330 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19565371 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19565371 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19565371 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19565371 
https://www.ncbi.nlm.nih.gov/pubmed/?term=19307751
https://www.ncbi.nlm.nih.gov/pubmed/?term=19307751
https://www.ncbi.nlm.nih.gov/pubmed/?term=19307751

