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Introduction

Mesenchymal stem cells (MSCs) are multipotent and have 
the ability to self-renewing and differentiating into different 
lineages. These cells can be isolated from many tissues such 
as bone marrow, adipose tissue, and placenta (1). MSCs 
show immunoregulatory properties and affect the immune 

system. MSCs prevent differentiation of monocytes into 
dendritic cells (DCs). They also have inhibitory effects on 
T and B lymphocytes (2).

Vitamin E (Vit E) is a term for a group of fat-soluble 
compounds that have divided into tocopherol and 
tocotrienol. Vit E has antioxidant properties and protects 
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cell membranes against the oxidation-reduction (redox) 
reactions (3). In different studies have been reported Vit 
E can increase antibody production and resistant to viral 
diseases in the elderly (4).

Selenium (Se) is an essential micronutrient that can 
affect immune response. The effects of Se mainly due 
to participation in selenoproteins (5). In patients with 
HIV1, Se deficiency leads to a decrease in T CD4+ 
frequency and the cytotoxicity effects of the NK cells. Se 
supplementation also reduces inflammation. Some studies 
showed relationship between serum Se levels and the risk of 
autoimmune diseases (6,7).

DCs play an essential role in initiating acquired and 
innate immunity. However, they could induce both 
tolerance and activation of the immune response (8). 
Besides DC there are other cells such as T cell, B cells, NK, 
and monocyte which are involved in immune responses. As 
previously stated MSCs with immunoregulatory properties 
can affect the function of these cells in various ways (2).

Over the past decade, several studies have been performed 
on the effects of antioxidants such as Vit E and Se on MSCs. 
However, very few studies have been carried out about the 
effects of antioxidant on the immunoregulatory characteristics 
of MSCs. In this study, the effect of MSC conditioned media 
(CM) treated with Vit E and Se on DC surface markers such 
as HLA-DR, CD86, CD40, and CD83 and also IL-12, IL-10 
and TGF-β levels and T-bet, GATA3, RORγt, and FOXP3 
expression levels in peripheral blood mononuclear cells 
(PBMCs) were studied. We present the following article in 
accordance with the MDAR reporting checklist (available at 
http://dx.doi.org/10.21037/sci-2020-008).

Methods

MSC isolation and culture

Adipose tissue was isolated from patients undergoing 
surgery and washed three times with PBS containing 
penicillin/streptomycin (Gibco, USA). Adipose tissue was 
digested with collagenase type IV (Sigma-Aldrich, USA) 
and incubated for 30 minutes at 37 ℃. Cell suspension was 
passed from 0.7 micron filter and were cultured in DMEM 
medium (Gibco, USA) containing 10% FBS (Gibco, USA), 
1% penicillin/streptomycin and 1% L-Glutamine (Gibco, 
USA). To examine the ability of differentiation of MSCs to 
osteocytes 10,000 cells and for adipocytes, 20,000 cells in 
1 m/L of DMEM medium with 10% FBS were seeded in 
four-well plates. After 48 hours, the medium was replaced 

with a differentiated medium. After 3 weeks, to determine 
the differentiation of these cells, wells were washed with 
PBS and stained with Alizarin Red (Sigma-Aldrich, USA 
(and Oil Red O (Sigma-Aldrich, USA) (Figure S1). Also, 
MSCs surface markers were investigated using flow 
cytometry. MSCs were isolated with trypsin and washed 
with PBS and then, they were suspended in PBS containing 
3% BSA. After addition of antibody, expression of CD105, 
CD90, CD45, CD34 and CD73 (BioLegend, USA) were 
investigated by flow cytometry (Figure S2) (9,10).

Monocyte-derived DCs

PBMCs were isolated from the whole blood of three healthy 
individuals by Ficoll (Germany, inno-train). For monocyte 
isolation 1.5×106 PBMCs were seeded in T25 flask and 
incubated at 37 ℃ for 3 hours. After that, suspended cells 
were removed by washing with PBS and RPMI. Adherence 
cells were cultured in RPMI medium (Gibco, USA) 
containing 10% FBS and 1% penicillin/streptomycin plus 
20 ng/mL IL-4 (PeproTech, UK) and 50 ng/mL GM-CSF 
(PeproTech, UK). On day 5, LPS (Sigma, USA) with a 
concentration of 50 ng/mL and the CM of the MSCs treated 
with Vit E and Se alone and in combination were added to 
culture media. On day seven, supernatant and cells were 
collected for further experiments (Figure S3) (11,12). To 
determine the maturation of DCs and expression of CD1a, 
CD83, CD86, CD40, and HLA-DR cells (BioLegend, 
USA) were isolated with cold PBS-EDTA and washed with 
staining solution. In each group, the appropriate amount of 
antibody was added to the cell suspension then, cells were 
incubated for 45 minutes at 4 ℃. After washing with PBS 
cells were analyzed by flow cytometry (13).

PBMC isolation

PBMCs were isolated from whole blood. A total of 5×105 
cells per well were seeded in six-well plates. To each 
well, 1 mL of complete RPMI medium and 1 mL of the 
CM of MSCs treated with Vit E and Se was added. The 
supernatant was replaced and collected every 48 hours. 
After 7 days, cells were collected for further investigation. 
They were stored at –70 ℃ until used.

Cell viability assay

To determine the appropriate and non-toxic concentration 
of  Vit  E (alpha-tocopherol ,  Sigma,  USA) and Se 

https://cdn.amegroups.cn/static/public/SCI-2020-008-supplementary.pdf
https://cdn.amegroups.cn/static/public/SCI-2020-008-supplementary.pdf
https://cdn.amegroups.cn/static/public/SCI-2020-008-supplementary.pdf
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(selenomethionine, Sigma, USA), MSCs were seeded in a 
96-well plate. After 24 hours, Vit E and Se were added to 
the medium at different concentrations. 48 hours later, the 
MTT (Sigma-Aldrich, USA) diluted with DMEM added 
to wells. After 4 hours in 37 ℃ Incubator, 100 µL DMSO 
(Sigma-Aldrich, USA), was added to each well and read at 
570 nm wavelengths (14).

Enzyme-linked immunosorbent assay (ELISA)

To detection, the concentration of cytokines, IL-10 
(Mabtech, Sweden), IL-12 (Mabtech, Sweden) and TGF-β 
(Invitrogen, USA) kits were used. The supernatant was 
collected from mature DCs and PBMCs treated with MSC 
(Vit E) CM, MSC (Se) CM and MSC (Vit E + Se) CM after 
48 hours. Finally, ELISA plates were read by ELISA reader.

Real time-polymerase chain reaction (RT-PCR)

PBMCs were cultured with different groups of MSC CM. 
After 7 days RNA was isolated from PBMCs with RNA ex 
plus (Qiagen, Germany). The concentration of RNA was 
determined by Nanodrop spectrophotometry. Eventually, 
cDNA (Takara, Japan) was synthesized and Real-time qPCR 
reactions were carried out using the SYBR Green PCR 
Master Mix (Biofact, Korea) (Table 1).

Ethical statement

This study was approved by the ethics board of Iran 

University of Medical Sciences (IR.IUMS.FMD.REC 
1396.9411127004) and informed consent was taken from 
all individual participants. Furthermore, this work was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Statistical analysis

In the first step, quantitative data were analyzed for normal 
distribution by the normalization test. The quantitative data 
presented in this study were non-parametric. For statistical 
analysis and comparison of the results of the data in the 
studied groups, Mann-Whitney (between two groups) and 
Kruskal-Wallis (more than two groups) were used.

Results

Determining the optimal concentration of Vit E and Se by 
MTT assay

The appropriate concentration of Vit E and Se was 
determined using MTT assay. According to MTT test 
results, concentrations of 22 µM for Vit E (P=0.004),  
250 µM for Se (P=0.009), and 22 µM Vit E with 300 µM Se 
combined (P>0.99) were used (Figure S4).

Evaluation of DC maturation treated with MSC (Vit E 
and Se) CMs

The express ion of  CD40 in DC + MSC CM was 

Table 1 Primer sequences used for RT-PCR

Primer Function(s) Sequence

H-RORγt-F Cell cycle 5'-GAAGTGGTGCTGGTTAGGATGTG-3'

H-RORγt-R Cell cycle 5'-GCCACCGTATTTGCCTTCAA-3'

H-GATA3-F Lamphocyte/hemato stem cell 5'-GAGACAGAGCGAGCAACG-3'

H-GATA3-R Lamphocyte/hemato stem cell 5'-CTCGGGTCACCTGGGTAG-3'

H-T-bet-F Cell cycle 5'-TGCTCCAGTCCCTCCATAAGTAC-3'

H-T-bet-R Cell cycle 5'-TCTGGCTCTCCGTCGTTCAC-3'

H-FOXP3-F Hematopoietic 5'-TGGCATCATCCGACAAGG-3'

H-FOXP3-R Hematopoietic 5'-AGGAACTCTGGGAATGTGC-3'

H-Beta2M-F Internal control 5'-ATGCCTGCCGTGTGAAC-3'

H-Beta2M-R Internal control 5'-ATCTTCAAACCTCCATGATG-3'

RT-PCR, real time-polymerase chain reaction; F, forward; R, reverse.

https://cdn.amegroups.cn/static/public/SCI-2020-008-supplementary.pdf
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significantly higher compared with DC group (P=0.002). 
The expression of CD40 in DC + MSC (Vit E) CM and DC 
+ MSC (Se) CM was significantly decreased in comparison 
to DC + MSC CM (P=0.002). Also, the expression of HLA-
DR was reduced only in DC + MSC (Vit E) CM compared 
with DC + MSC CM (P=0.002). The expression of CD83 
and CD86 among the groups were not different (Figure 1).

Evaluation of IL-10, IL-12, and TGF-β in the 
supernatant of myeloid DCs (mDCs) treated with MSC (Vit 
E and Se) CMs

IL-10 level was significantly increased in DC + MSC (Vit 
E) CM, DC + MSC (Se) CM and DC + MSC (Vit E + Se) 
CM compared with DC + MSC CM (P<0.001), although 
the highest increase was related to DC + MSC (Vit E) 
CM. In relation to IL-12 level, there was only a significant 
reduction in DC + MSC (Vit E) CM in comparison to 
DC + MSC CM (P=0.002) and TGF-β concentration was 
reduced only in DC + MSC (Se) CM compared with DC + 
MSC CM (P=0.03) (Figure 2).

Evaluation IL-10, IL-12, and TGF-β in the supernatant 
of PBMC treated with MSCs (Vit E and Se) CM

The concentration of IL-10 in PBMC + MSC CM was 
significantly higher than PBMC (P=0.007). The level of 
IL-10 in DC + MSC (Vit E) CM (P=0.01) and DC + MSC 
(Se) CM (P=0.004) in comparison with PBMC + MSC CM 
was significantly decreased, while the level of IL-12. In DC 
+ MSC (Vit E) CM, DC + MSC (Se) CM and DC + MSC 
(Vit E + Se) CM has been significantly increased compared 
with PBMC + MSC CM (P=0.02). Level of TGF-β in DC 
+ MSC (Se) CM was decreased than PBMC + MSC CM, 
although this was not significant (Figure 3).

The expression of T-bet, RORγt, GATA3 and FOXP3 in 
PBMC treated with MSCs (Vit E and Se) CM

The results showed that the expression of T-bet in PBMC + 
MSC CM was significantly decreased compared with PBMC 
(P=0.002) while RORγt (P=0.04) and FOXP3 (P=0.004) 
expression have been significantly increased. The expression 
levels of T-bet in PBMC + MSC (Vit E) CM and PBMC + 
MSC (Vit E + Se) CM were increased compared with PBMC 
+ MSC CM (P=0.001) while RORγt expression was increased 
in PBMC + MSC (Vit E) CM (P=0.04) and PBMC + MSC 
(Se) CM (P=0.007). FOXP3 expression was increased in 

PBMC + MSC (Vit E + Se) CM in comparison with PBMC 
+ MSC CM (P=0.004). The expression of GATA3 was not 
significantly different among groups (Figure 4).

Discussion

According to the obtained results, MSC CM increases the 
expression of CD40 in mDCs, but there was no significant 
difference in the expression of CD83, CD86, and HLA-
DR. In the same way, the results of Spaggiari and Zhang 
studies showed that the effect of MSC on DCs is time-
dependent. It was also reported that DCs co-cultured 
with MSCs on the 5th day of differentiation would not 
reduce CD80, CD83, CD86, and HLA-DR frequency of 
DCs and also, there was no significant difference in the 
concentration of IL-10, IL-12 and TGF-β between the two 
groups. Zhang et al. showed that the levels of IL-10 and IL-
12 in DC cultured on the 5th day with LPS and MSC CM, 
were not significantly different (15,16). van den Berk et al. 
reported that umbilical cord blood MSCs didn’t prevent 
DC maturation and increase the expression of CD80 and 
CD83 and IL-12 level (17). Our results showed that in DC 
+ MSC (Vit E) CM and DC + MSC (Se) CM, expression of 
CD40 was reduced but, this inhibitory effect was not seen 
in the DC + MSC (Vit E + Se) CM.

The expression of HLA-DR in the DC + MSC (Vit E) 
CM showed a significant decrease compared with DC + 
MSC CM, but in the other groups, there was no difference. 
In the present study, the level of IL-10 was significantly 
increased in DC + MSC (Vit E) CM and DC + MSC (Se) 
CM and DC + MSC (Vit E + Se) CM in comparison to 
the control group. Also, IL-12 level decreased significantly 
in the DC + MSC (Vit E) CM compared with the control 
group. According to the results, it seems that Vit E and Se 
increasing MSC survival and stability and thus improved 
the immunomodulatory effect of MSCs on DC (18).

LPS activates NF-ĸB and cause DC maturation. Prevent 
expression of NF-ĸB inhibit DC maturation (19). Several 
studies showed that MSC CM in osteoarthritis model 
increase inhibitory-κ-B-α (IκBα) and inhibit expression of 
NF-ĸB. Besides, reactive oxygen species (ROS) lead to the 
activation of NF-ĸB, and many antioxidants, especially Vit E, 
have the ability to prevent the activation of NF-ĸB through 
this way and can prevent DC maturation (20,21).

Regarding the results, it seems that the MSC CM treated 
with Vit E and Se improve the immunoregulatory effects 
of MSC and they could better decrease DC maturation 
markers and IL-12 level and increase IL-10 concentration. 
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Figure 2 Effects of the different groups of MSC CM on IL-10, IL-12 and TGF-β production from mDC. (A) There was no significant 
difference between the levels of IL-10 in DC treated with MSC CM. IL-10 level in treated DC with MSC (Vit E) CM, MSC (Se) CM 
and MSC (Vit E + Se) CM groups were significantly increased. (B) The level of IL-12 in DC treated with MSC (Vit E) CM is significantly 
reduced. There was no significant difference among the other groups. (C) TGF-β concentration decreased in DC treated with the MSC (Se) 
CM. In other groups, TGF-β level was not significantly different. *, P<0.05;  **, P<0.01; ***, P<0.001. MSC, mesenchymal stem cell; CM, 
conditioned media; mDC, myeloid dendritic cell; Vit E, vitamin E; Se, selenium.
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Figure 3 Effects of the different groups of MSC CM on IL-10, IL-12 and TGF-β concentration in PBMCs. (A) IL-10 concentration 
in PBMC treated with MSC CM significantly increased. The treatment of PBMC with MSC (Vit E) CM and MSC (Se) CM suppresses 
the production of these cytokines. (B) The concentration of IL-12 in the PBMC treated with MSC CM was not significantly different. 
Treatment of PBMC with MSC (Vit E) CM, MSC (Se) CM and MSC (Vit E + Se) CM increased the level of this cytokine. (C) There was 
no difference in TGF-β level among the different groups. *, P<0.05;  **, P<0.01. MSC, mesenchymal stem cell; CM, conditioned media; 
PBMC, peripheral blood mononuclear cell; Vit E, vitamin E; Se, selenium.
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In addition, there might be free Vit E and Se in MSC CM, 
in which case the two antioxidants will also prevent DC 
maturation by inhibiting NF-ĸB.

In the next step of this study, results showed that the levels 
of IL-10 in PBMC + MSC CM compared with the PBMCs 
group significantly increased. In this regard, Kim et al.  
reported that MSCs derived from human adipose tissue 
show an inhibitory effect on the proliferation of PBMCs (22).

In the PBMCs + MSC (Vit E) CM and PBMCs + 
MSC (Se) CM, the IL-10 level was significantly reduced 
compared with the PBMCs treated with MSC CM. IL-12 
level was significantly increased in PBMC + MSC (Vit E) 
CM and PBMC + MSC (Se) CM. The study of Hernández 
et al. showed that in PBMCs treated with Vit E IL-10 and 
IL-4 concentration reduce, and the expression of the T-bet 
increase (23). On the other hand, Wassall et al. showed that 
Vit E has no specific effect on cytokine responses in people 
with PBMCs (24).

Daeian et al. found that Se supplementation does not 
have any effect on the production of proinflammatory 
cytokines in the peripheral blood of patients undergoing 
hematopoietic stem cell transplantation (HSCT) (25).

The expression levels of GATA3, FOXP3, RORγt, and 
T-bet in PBMCs treated with different groups of MSCs CM 
was studied. T-bet and RORγt expression in the PBMC + 
MSC (Vit E) CM was significantly increased compared with 
the PBMC + MSC CM. There was no significant difference 
in the expression of GATA3 gene between the two groups. 
The treatment of PBMC + MSC (Se) CM suppressed the 
expression of RORγt. The expression of FOXP3 increased 
significantly in PBMC + MSC (Vit E + Se) CM.

Kay et al. reported MSC CM in patients with RA 
increased the levels of IL-10 and FOXP3 in T cells (26). 
Agree with our results, Ivanova-Todorova et al. found that 
the MSCs isolated from the adipose tissue increase the 
expression of FOXP3 and the concentration of IL-10 (27).

Rozenberg et al. reported MSCs suppress T cells activity 
via the PD-1 pathway. Luz-Crawford et al. observed that 
MSCs regulate Th1 and Th17 response. The MSC CM 
through PGE2 increased the differentiation of Th17 cells 
(28,29).

Adolfsson et al. reported that Vit E increase the 
proliferation of T cells in the mouse (30). Besides, Zingg  
et al. showed that alpha-tocopherol activates many genes in 
a dose-dependent manner and increase the proliferation and 
survival of T cells compared to other Vit E isoforms (31).

As previously mentioned, Se increase the survival 
of stem cells. Limited studies have been evaluated the 

immunomodulatory effects of Se-treated MSCs. Sang et al.  
observed that sodium selenite reduce RORγt and T-bet 
expression levels accompanied with increased frequency of 
Treg in colitis mice (32). Dustan et al. stated that there is no 
relationship between IL-10 produce from lymphocyte and 
Se levels (33). The results are controversial about the effects 
of Se on immune system responses.

Conclusions

Finally, regarding the results of this study and previous 
studies, in some cases, such as increasing the expression 
of RORγt as well as FOXP3 in the group where these two 
substances were combined, treatment of MSC with Vit 
E and Se increased immunomodulatory effects of MSCs 
and These cells could decrease IL-12 level and reduce the 
expression of some cell markers of mature DCs. However, 
the results are contradictory because in the PBMC 
treated with MSC (Vit E) CM and MSC (Se) CM, IL-
10 concentration decreased, IL-12 level and Th1/Treg 
ratio increased. According to previous studies, the MSC 
treated with these two antioxidants, might have caused 
changes in cytokine concentration and gene expression 
in the PBMC, probably due to its effect on monocytes. 
Considering the fact that several factors influence the effect 
of MSC on cells and not all of them studied in this study, a 
better understanding of the effect of Vit E and Se on MSC 
requires more studies.
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Supplementary

Figure S1 MSCs derived from human adipose tissue. (A) MSCs at passage zero (×20). (B) MSCs at the 2nd passage (×20). (C) MSCs at 
the 3rd passage (×20). Spindle-shaped and fibroblasts-like MSCs were observed under an inverted microscope [(A,B,C) unstained MSCs]. 
Differentiation of MSCs into adipocyte and osteocytes. (D) MSC cultured with human adipocyte differentiation medium for 21 days and 
stained with Oil Red O (×40). (E) And for osteocytes differentiation calcium deposition stained with Alizarin Red S (×40). (F) While there 
was no change of the color in MSCs in the control group (×40; unstained MSCs). MSC, mesenchymal stem cell.
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Figure S2 Human adipose tissue-derived MSCs surface markers. MSCs were lacked expression of CD34 and CD45 but they expressed 
CD105, CD90 and CD73. MSC, mesenchymal stem cell.
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Figure S3 Monocyte-derived DCs (unstained PBMC and DC). (A) Monocytes isolated from PBMCs in first day (×20). (B) Monocyte 
cultured with IL-4 and GM-CSF in 3rd day (×20). (C) Immature DC in 5th day (×40). (D) Mature DC cultured with LPS in 7th day (×20). 
DC, dendritic cell; PBMC, peripheral blood mononuclear cell.
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Figure S4 Cell viability assay. (A) The proliferation of MSCs treated with Vit E at the concentration of 22 μM has significantly increased. 
(B) Se significant increased the proliferation of MSCs at 250 μM concentration. (C) Vit E and Se did not decrease the viability of MSCs at 
concentrations of 300 µM and 22 Μm. **, P<0.01. MSC, mesenchymal stem cell; Vit E, vitamin E; Se, selenium.


