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ABSTRACT 
 
Background: Mesenchymal stem cells (MSCs) are considered as effective therapeutic 
cells in transplantation due to their immunomodulatory activities. However, precise 
mechanism of MSCs immunomodulatory activity is not completely understood. 
Objectives: To study the role of Immunoglobulin-like transcripts-3 (ILT3) 
immunomodulatory receptor in immune tolerance induced by MSCs in skin 
transplantation model and induction of tolerogenic dendritic cells (Tol-DCs) by MSCs 
through up-regulation of ILT3. Methods: C57BL/6 skin grafts were transplanted to the 
back of BALB/c mice. Recipient mice received MSCs on days 0, 1 and 2 post 
transplantation. On days 2, 5 and 10 post skin transplantation, ILT3 and forkhead box 
P3 (FOXP3) expression in the spleens of MSCs treated mice were evaluated. 
Furthermore, MSCs and DCs were co-cultured in cell culture plates and transwell 
systems. Then, the expressions of ILT3 mRNA and protein in MSC-treated DCs were 
evaluated. Additionally, MSC-treated DCs were co-cultured with allogeneic T-cells and 
FOXP3 expression in T-cells was evaluated. Results: The expression of ILT3 and 
FOXP3 were higher in the splenocytes of MSCs-treated mice early post-transplantation. 
Furthermore, we observed that MSC-treated DCs can increase FOXP3 expression in T-
cells. But, we could not find any differences in ILT3 expression between MSC-treated 
DCs and untreated ones. Conclusion: One of the mechanisms underlying MSCs 
immunomodulatory function could be up-regulating ILT3 expression in splenocytes. 
But our results did not support the hypothesis that MSCs induce Tolergenic DCs by up-
regulation of ILT3. 
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INTRODUCTION 
 
Today, organ transplantation is one of the most effective therapeutic methods used for 
patients with organ failures. However, graft rejection is still the major problem in 
allogeneic transplantations. Recently, mesenchymal stem cells (MSCs) are considered 
as effective therapeutic cells in transplantation due to their immunomodulatory activities 
(1-6). These multi-potent stem cells have self-renewal ability and are capable of 
migrating and engrafting at the sites of inflammation (7). Furthermore, MSCs modulate 
most cells of the innate and adaptive immunities such as B-lymphocytes, T-lymphocyte, 
Natural Killer (NK) cells and antigen-presenting cells (APCs) (7-9) by direct contact or 
by secretion of different chemokines, cytokines and growth factors (7). In this regard, it 
has been shown that MSCs can inhibit T-lymphocytes activation and proliferation and 
induce generation of regulatory T-cells (Treg) (8,9). Also, it is reported that MSCs are 
able to alter immunogenic dendritic cells (DCs) to the tolerogenic ones (10). 
DCs are conventionally known to be able to activate T-cells. However, some studies 
revealed that DCs are also able to exhibit tolerogenic activities such as differentiation of 
T-cells to Treg cells (11). Bidirectional interactions between DCs and T-lymphocytes 
determine either activation of immunogenic or tolerogenic immune response which 
plays a crucial role in the outcome of malignancies, autoimmune diseases and 
transplantations. In contrast with immunogenic DCs, the tolerogenic DCs (Tol-DCs) 
express low levels of co-stimulatory molecules as well as high levels of 
immunomodulatory receptors (11). The examples of such immunomodulatory receptors 
expressed by Tol-DCs are Immunoglobulin-like transcripts (ILTs), also known as 
leukocyte immunoglobulin-like receptors (LIRs), which can inhibit the activation of 
both DCs and T cells (12-14).  
ILTs share considerable homology with natural killer cell Ig-like receptors (KIRs). 
Some of the ILTs such as ILT2, ILT3, ILT4 and ILT5 have a long cytoplasmic tail that 
contains several immunoreceptor tyrosine-based inhibitory motifs (ITIMs) and similar 
to inhibitory NK cell receptors have inhibitory functions and prevent cellular activation 
(15). On the contrary, some of them like ILT1, ILT7 and ILT8 have a much shorter 
cytoplasmic tail similar to the activating NK cell receptors which contain 
immunoreceptor tyrosine-based activation motifs (ITAM) (15). There are several 
studies showing immunoregulatory roles of ILTs expressed on some of the myeloid 
cells such as mast cells, neutrophils, macrophages, NK cells and activated T-
lymphocytes as well as APCs (15). DCs expressing high level of ILT3 display lower 
phosphorylation of NF-κB and decreased capacity of transcription of NF-κB dependent 
co-stimulatory molecules and are unable to stimulate the T-helper proliferation and 
instead differentiate them to Treg cells (11,14,16). In addition, ILT3 knockdown DCs 
secrete high levels of cytokines and chemokines leading to strong T-lymphocyte 
responses to alloantigens(17). As reported, tolerogenic DCs direct the generation of 
Treg cells from naive T-cells, and conversely, Treg cells induce the differentiation of 
immature DCs into Tol-DCs. Meanwhile, Treg cells increase the expression of ILT3 in 
DCs and decrease the expression of co-stimulatory molecules leading to the induction of 
tolerance (14,17). After activation and down-regulation of ILT3 gene, DCs lose their 
tolerogenic function and become immunogenic (13). Previous studies demonstrated that 
the expression of ILT3 on DCs is strongly regulated by different inflammatory stimuli, 
growth factors, immunosuppressive factors and cytokines such as IL-10 (11,13).  
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Further studies in the mechanism of MSCs immunomodulatory activity could be useful 
for the development of clinical application of these cells in transplantation. Given the 
significance of ILT3 as immunomodulatory receptor, we decided to investigate the role 
of ILT3 in immune tolerance acquired by bone marrow derived MSCs (BM-MSCs) in 
skin transplantation mouse model. Furthermore, we hypothesized that this molecule 
could be involved in the induction of Tol-DCs by MSCs. In doing so, we investigated 
the effect of MSCs on the expression of ILT3 by DCs.  
 
 
MATERIALS AND METHODS  
 
Isolation and Characterization of mice MSCs. MSCs were isolated from bone 
marrow of femurs and tibiae of 8-12 week old BALB/c (H-2Kd) mice (18). Four 
passages were done prior to use of the cells to achieve the highest purity. The purity of 
bone marrow derived MSCs (BM-MSCs) was assessed by Flowcytometry using anti-
CD44, Sca-1, CD34 and CD45 surface markers. 
Skin Transplantation and MSCs Administration.8–12 week old BALB/c (H-2Kd) 
and C57BL/6 (H-2Kb) mice were purchased from central animal laboratory, Shiraz 
University of Medical Sciences, Iran. Ketamine/Xylazine cocktail was used as an 
anesthetic agent. 1.5 cm2 full-thickness skin grafts were obtained from the back-skin of 
C57BL/6 mice and transplanted to the back of BALB/c mice, sutured with six stitches 
and secured with Vaseline gauze and a bandage. Bandages were removed seven days 
after transplantation and grafts that failed up before day 7 post transplantation were 
considered as technical error and excluded from the study. Recipient mice received 
MSCs (intraperitoneal injection, 5 x 105 Cells) exactly after completion of the skin 
transplantation procedure, and also on days 1 and 2 post transplantation (intraperitoneal 
injection, 1 x 106 Cells). The maintenance and care of experimental animals complies 
with National Institute of Health guidelines for the humane use of laboratory animals. 
Mice were sacrificed by cervical dislocation. All of the surgeries were done under the 
supervision of institutional animal care and use committee and also animal ethics 
committee of Shiraz University of Medical Sciences. 
In-Vivo Study Groups.Totally, 6 groups were defined in this study: Groups 1-3 
included the mice that received allogeneic skin transplantation and PBS injection; they 
were sacrificed on days 2, 5 and 10 post transplantation, respectively. The mice of 
groups 4-6 received allogeneic skin transplantation and intraperitoneal infusion of 
MSCs and were sacrificed on days 2, 5 and 10 post transplantation, respectively. Each 
group included at least 5 mice, and 3 independent experiments were performed. (Table 
1). 
Evaluation of ILT3 and FOXP3 mRNA in the Splenocytes of Recipient Mice by 
Realtime PCR.On days 2, 5 and 10 post skin transplantation, the spleens of mice were 
harvested and became single cell by mechanical dissociation with sterile mesh. Red 
blood cells were lysed and the remained cells were recovered with NycoPrep density 
gradient medium (Axis-shield, Norway). Cells were collected from the NycoPrep 
interface and the levels of ILT3 and FOXP3 mRNA expression were evaluated by Real-
time PCR. Briefly, total RNA was extracted by TRIzol reagent (Invitrogen, USA) and 
cDNA was synthesized by cDNA synthesis kit (Takara, Japan), according to 
manufacturer’s protocol. ILT3 specific primers (forward: 5′- 
GGCTACTTTAGAAATGAACCACAG -3′ and reverse: 5′- 
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AGGAGGAATGACACCAGGAC -3′), FOXP3 specific primers (forward: 5′- 
AATAGTTCCTTCCCAGAGTTCTTC-3′ and reverse: 5′- 
ATGGTAGATTTCATTGAGTGTCCT-3′) and GAPDH specific primers as internal 
control (forward: 5′- CGGTGTGAACGGATTTGGC -3′ and reverse 5′- 
GTGAGTGGAGTCATACTGGAAC -3′) were designed by AlleleID software (Version 
7.5). Sybr Green Realtime PCR was performed using Realtime PCR System (ABI step 
one plus, Applied Biosystems, USA). Finally, fold change of expression was calculated 
using the equation 2-ΔΔCt. Each group included at least 5 mice, and 3 independent 
experiments were performed. 
 

Table 1. Groups defined for studying the effects of MSCs on ILT3 expresion. 

Sacrifice day MSC Intraperitoneal Injection Recipient Donor Groups 

2 No C57BL/6 BALB/c 1 

5 No C57BL/6 BALB/c 2 

10 No C57BL/6 BALB/c 3 

2 Yes C57BL/6 BALB/c 4 

5 Yes C57BL/6 BALB/c 5 

10 Yes C57BL/6 BALB/c 6 

 

 
Evaluation of ILT3 Protein Expression in the Splenocytes of Recipient Mice by 
WesternBlot. RIPA buffer (Sigma, USA) was used for the extraction of proteins from 
Splenocytes. Cell extracted proteins were separated on 12% SDS polyacrylamide 
resolving gel with a 3% stacking gel and transferred to the polyvinylidene fluoride 
(PVDF) membrane (GE healthcare, USA). Armenian hamster anti-mouse ILT3 (0.5 
μg/ml) (Biolegend, USA) and HRP-conjugated rabbit anti-Armenian hamster antibody 
(1:2000 dilution) (Abcam, USA) were used to detect ILT3. HRP-conjugated rabbit anti-
mouse β-actin (1:4000 dilution) (Abcam, USA) was used for the detection of β-actin, as 
internal control. Electrochemiluminescence (ECL) (GE Healthcare, USA) was used as 
substrate and the resulting signal was visualized using ChemiDoc imaging system (Bio-
Rad, USA). The intensities of the protein bands were quantified using GelAnalyzer 
software (Version 2010). The intensities of the ILT-3 protein bands were normalized 
with the intensity of β-actin bands in each sample.  
Dendritic and T-Cells Isolation. DCs were isolated from the spleens of BALB/c mice. 
Briefly, mice spleens were chopped and digested with 1 mg/ml collagenase D (Roche, 
Germany), then meshed with 0.2 μm sieve. The cell suspension was layered on 
Nycodenz solution. The ring was collected and purified using a positive selection 
magnetic adsorption cell sorting (MACS) technique by CD11c Micro Beads kit 
(Miltenyi Biotechnology, Germany), according to the manufacturer's instructions. 
CD4+T-cells were isolated from draining lymph nodes of C57BL/6 mice using a 
negative selection MACS technique by CD4+ T-cell isolation Micro Beads kit (Miltenyi 
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Biotechnology, Germany). Purity of the isolated DCs and T-cells was respectively 
assayed by specific PE-conjugated anti CD11c antibody and specific PE-conjugated 
anti-CD4 antibody using flowcytometry. 
In-Vitro Study Groups. Six-well cell culture plates and transwell systems (0.8 μm pore 
size membrane, SPL, USA) were used for MSCs/DCs co-culture. Cells were cultured in 
RPMI medium, supplemented with 1% penicillin/streptomycin and 10% FBS and 50 
ng/mL GM-CSF (Peprotech, USA). In one of each pair of wells, LPS (200 ng/mL) 
(Sigma, USA) was added to induce DCs maturation. In transwell systems, MSCs and 
DCs were respectively placed in the upper and lower chambers of the transwell plates at 
1:10 and 1:50 ratios. Furthermore, according to table 2, in some conditions, DCs were 
directly seeded onto MSCs at the same ratios. Each well contained 2 x 106 DCs. Cells 
were co-cultured for 24 hours. Then, DCs were collected to study the gene expressions 
and also mixed leukocyte reaction (MLR). Untreated DCs were used as negative control 
in the presence or absence of LPS. Each group included 5 experiment was, and each 
experiment repeated 3 times, independently (Table 2).  
 
 
Table 2. Groups designated for study the effects of MSCs on ILT3 expression in 
DCs 

Groups MSCs/DC ratio  Co-culture/ Transwell LPS 

1 (1:10)  Co-culture - 

2 (1:10)  Co-culture + 

3 (1:10)  Transwell - 

4 (1:10)  Transwell + 

5 (1:50)  Co-culture - 

6 (1:50)  Co-culture + 

7 (1:50)  Transwell - 

8 (1:50)  Transwell + 

9 DCs only ----- - 

10 DCs only ----- + 

 

Evaluation of ILT3 mRNA and Protein Expression in DCs Treated with MSCs. 
MSCs treated DCs were collected to study the expressions of ILT3 mRNA and protein 
by real time-PCR and Western blot, as previously described.  
Mixed Leukocyte Reaction (MLR) and FOXP3 mRNA Expression 
Evaluation.MSCs treated DCs were inactivated with irradiation (30 Gy). Then, cells 
were washed with PBS for three times and resuspended in complete culture medium. 
MLR was set up in 96- well round-bottom cell culture plates (Nunc, Denmark). 1 × 104 
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cells of MSCs treated DCs (BALB/c), as stimulator cells, were co-cultured with 1 × 105 
cells of allogeneic T-cells (C57BL/6), as responder cells in a total volume of 200 μl. 
After 48 hours of incubation, FOXP3 mRNA expression in T-cells were evaluated. 
Negative control was allogeneic T-cells co-cultured with untreated DCs.  
Statistical Analysis.SPSS software version 16 was used to analyze data. Kruskal–
Wallis and Mann–Whitney tests were used to compare differences in mRNA and 
protein expression among the study groups. The results were expressed as mean ± SD. 
Level of significance was set at less than 0.05. Correlations were analyzed using 
Spearman test.  
 
 

RESULTS 
 
FlowcytometricAnalysis.The purity of MSCs was assessed by phycoerythrin (PE) 
conjugated anti Sca-1, anti-CD44, anti-CD45 and fluorescein isothiocyanate(FITC) 
conjugated anti-CD34 antibodies as well as proper isotype controls (all from 
eBioscience, USA). Flowcytometric analysis showed that about 95% of cells were 
positive for CD44 and Sca-1 and negative for CD34 and CD45 markers. Purities of the 
isolated DCs and T-cells were respectively assayed by specific PE-conjugated anti-
CD11c antibody and specific PE-conjugated anti CD4 antibody using flowcytometry. 
The purities of DCs and T-cells were found to be more than 90% (Figure 1). 
Evaluation of ILT3 and FOXP3 Expressions in the Splenocytes of Skin Graft 
Recipient Mice.To study the expressions of ILT3 and FOXP3, Real-time PCR and 
Western blot were performed on the splenocytes of skin graft recipient mice. ILT3 
mRNA expression in MSCs treated mice was higher, in comparison to control mice on 
day 2 and 5 post transplantation, although the latter was not statistically significant (P = 
0.007 and p = 0.14, respectively). The results of ILT3 protein expression confirmed the 
ILT3 mRNA results. A protein with a molecular weight of about 49 kDa related to ILT3 
was detected in the spleens of all groups. ILT3 protein expression in MSCs treated mice 
was higher than in the controls on days 2 and 5 post transplantation (p=0.043 and 
p=0.035, respectively) (Figure 2).  
Furthermore, FOXP3 mRNA expression in MSCs treated mice was statistically higher, 
compared to control mice on days 2, 5 and 10 post transplantation (P=0.006, P=0.004 
and p=0.023, respectively) (Figure 2).  
Correlation between ILT3 and FOXP3 Expressions in the Splenocytes of Skin 
GraftRecipientMice.There was a significant positive correlation between ILT3 mRNA 
and protein expressions (p=0.015). Furthermore, we found a positive correlation 
between FOXP3 mRNA expression and ILT3 mRNA and protein expression (p=0.002 
and p=0.034, respectively).  
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DISCUSSION 
 
Previous studies revealed that the administration of MSCs could prolong the solid organ 
graft survival time in humans and mice (19-21). In this regard, in our previous study, we 
found that MSCs administration can prolong skin graft survival time from 11 days in 
untreated mice to 14 days in mice received MSCs (22). But the precise mechanism of 
MSCs immunomodulatory function is not completely known. Herein, we hypothesized 
that treatment with MSCs can enhance the expression of ILT3 tolerogenic receptor in 
the splenocytes of the mice receiving skin allografts. Accordingly, we evaluated and 
compared the expression of ILT3 at the mRNA and protein levels in the splenocytes of 
MSCs treated and control mice on days 2, 5 and 10 post skin allogeneic transplantation. 
Our results demonstrated that MSCs administration increases the expression of ILT3 at 
both mRNA and protein levels in the splenocytes of allogeneic skin graft recipient mice. 
So, we deduced that MSCs could suppress immune system via up-regulation of ILT3 
and consequently result in prolongation of graft survival time. Surprisingly, at the 
beginning days post transplantation, expression of this molecule in MSCs treated mice 
was high, but over the time its expression decreased which could be because injected 
MSCs were eliminated or died or lost their imunoregulatory capability (19,23).  
The key feature that makes MSCs therapeutic cell candidates for allograft 
transplantations is the diversity of their immunomodulatory activities affecting adaptive 
immune responses, particularly by differentiating T-cells to Treg cells (1,24). In 
agreement with the previous studies, our results showed that FOXP3 in the splenocytes 
of MSCs treated mice was higher in comparison to the controls on days 2, 5 and 10 post 
transplantation. Moreover, down-regulation of FOXP3 in MSCs-treated mice was 
concomitant with decreased expression of ILT3.  
It was reported that MSCs are able to alter immunogenic dendritic cells (DCs) to 
tolerogenic ones that cannot activate T-cells, but differentiate them to Treg cells (10). 
Moreover, reports indicate that DCs expressing a high level of ILT3 show lower 
phosphorylation of NF-κB and decreased expression of co-stimulatory molecules and 
these DCs are unable to stimulate T-helper proliferation and instead differentiate them 
to Treg cells (11,14,16,25-27). Taken together, we hypothesized that one of the 
mechanisms involved in the induction of Tol-DCs by MSCs could be the up-regulation 
of ILT3 in DCs. To investigate this, DCs were treated with MSCs and expression of 
ILT3 on DCs was evaluated. Besides, we aimed to investigate whether 
immunomodulatory effect of MSCs on DCs is dependent on cell to cell contact or is just 
mediated by soluble factors. In doing so, DCs were directly co-cultured with MSCs and 
also treated with MSCs in a transwell plate system. Additionally, the capability of 
treated DCs to generate Treg cells in MLR was evaluated. The results of our study 
showed that DCs co-cultured with MSCs and also DCs treated with MSCs in transwell 
plates were able to increase the expression of FOXP3 which is the main marker of Treg 
cells. The results of our study revealed very low level of ILT3 mRNA and protein 
expression in MSCs-treated DCs as well as untreated ones. Moreover, we could not find 
any differences in ILT3 mRNA and protein expression between MSCs treated DCs and 
untreated ones. These data refute the hypothesis that MSCs induce Tol-DCs by up-
regulation of ILT3. There are a few studies investigating the effect of MSCs on the 
expression of ILT3 on DCs. In this regard, Dokic et al. showed that periapical lesions 
derived mesenchymal stem cells (PL-MSCs) can prevent differentiation of monocyte to 
DCs via soluble factors. Furthermore, they found that DCs which were cultivated with 
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PL-MSCs and pro-inflammatory cytokines, although showed mature phenotype, 
induced T-cell anergy, had a weak allostimulatory function, polarized T-cells to Th2, 
differentiated CD4+ T-cells to Treg cells and increased the secretion of TGF-β cytokine 
via IDO, ILT-3 and ILT-4 dependent mechanisms. Also, they revealed that DCs which 
were co-cultured with PL-MSCs expressed 64 to 87 folds more ILT-3, in comparison 
with untreated DCs (28). These observations were different from ours, because we did 
not find any difference in the expression of ILT-3 in BM-MSCs treated DCs and 
untreated ones. It is worth mentioning that Dokic et al. co-cultured MSCs and DCs for 6 
days while in our study, the cells were co-cultured for 24 hours, which could be a 
limitation of our study. Perhaps more than 24 hour stimulation of DCs by MSCs is 
needed to increase the expression of ILT3 on DCs. Furthermore, we used mouse cells, 
while they studied on human cells. Another reason of the difference between our results 
and Dokic et al. observation could be due to using varying sources of the MSCs and 
DCs. In our study, we used bone marrow derived MSCs and spleen derived DCs, while 
they used periapical lesions derived mesenchymal stem cells and monocyte derived 
DCs.  
In another study by Wehner et al. the effect of MSCs on the pro-inflammatory capacity 
of 6-sulfo LacNAc (slan) DCs, the main subpopulation of human blood DCs, was 
investigated. They revealed that BM-MSCs can considerably inhibit the maturation of 
slanDCs and their capability to secrete pro-inflammatory cytokines. Moreover, they 
demonstrated that MSCs can increase the expression of ILT3 and ILT4 on slanDCs(29). 
The reason of the difference between our results and Wehneret al. observations could be 
explained by the difference between the sources of the DCs and T-cells. In our study, 
we used mouse splenic DCs and T-cells derived from lymph node, while they used 
PBMC derived DCs and T-cells. Furthermore, we used mouse cells, while they studied 
on human cells. Additionally, the techniques used to detect ILT-3 were different in 
Wehneret al. study and ours, that is, they used flowcytometery technique, while we used 
Realtime PCR and Western Blot techniques. 
In a study carried out by Hancharou et al., human olfactory mucosa-derived MSCs 
(hOM-MSCs) were co-cultured with DCs and investigated the effects of these cells on 
the expression of some immunogenic and tolerogenic markers on DCs. They found that 
hOM-MSCs significantly increased the expression of both immunogenic (CD86) and 
tolerogenic markers (CD85k) of DCs. The reason of the difference between our results 
and Hancharou et al. observations could be due to using different sources of the DCs 
and MSCs. In our study, we used mouse splenic DCs and MSCs derived from mouse 
bone marrow, while they used hOM-MSCs and DCs which were differentiated from 
human monocytes using standard 6-day (GM-CSF/IL-4) protocol (30).  
In some studies, it was reported that the expression of ILT3 at both mRNA and protein 
levels in DCs is decreased after activation by inflammatory stimuli (13). For example, 
Juet al. studied the ILTs expression in human PDCs, Mo-DCs and DCs differentiated 
from CD34+ progenitor cells and showed that CpG-DNA and inflammatory stimuli such 
as TNF-α and soluble CD40 ligand down-regulate the expression of ILT2 and ILT3 at 
both mRNA and protein levels (13). In the present study, we aimed to show if the 
alteration of DCs to TolDCs which probably express higher levels of ILT3 under the 
influence of MSCs is reversible in the presence of maturation inducing molecules like 
LPS or not. For this purpose, we used conditions with LPS. The results revealed no 
difference between the expression of ILT3 in DCs in the presence and absence of LPS. 
The difference between our results and those of Ju et al. could be explained by 
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difference in the source of DCs and also difference of stimulators. In another study 
carried out by Kasai et al., the surface expression of ILT3 on the splenic and bone 
marrow derived DCs (BM-DCs) of mice and also on the DCs after stimulation with LPS 
was examined by flowcytometry. They found that ILT3 is considerably expressed on 
bone marrow derived DCs, but similar to our results they found low expression of this 
molecule on splenic DCs. Moreover, in agreement with our results, they found no 
change in ILT3 expression even after 24 hours stimulation of BM-DCs and splenic DCs 
by LPS (31).  
We found that BM-MSCs can increase the expression of ILT3 immunomodulatory 
receptor in both mRNA and protein levels in splenocytes, which may cause the 
prolongation of skin allograft survival time. Furthermore, according to our results, 
prolonged transplant survival in BM-MSCs treated mice seems to be associated with 
higher expression of FOXP3 in the spleen. Our data suggest that ILT3 expression in the 
splenocytes of the recipient mice treated with MSCs, can down-regulate their 
alloreactive T-lymphocytes responses and up-regulate Treg generation, thus, limits the 
immune responses leading to increased graft survival. Also, the results showed that in 
in-vitro, DCs co-cultured with MSCs and also DCs treated with MSCs in transwell 
plates, were able to increase the expression of FOXP3 which is the main marker of Treg 
cells in MLR. However, we could not find any differences in ILT3 mRNA and protein 
expression between MSCs treated DCs and untreated ones. These data do not support 
the hypothesis that MSCs induce Tol-DCs by up-regulation of ILT3 in DCs.  
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