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ABSTRACT

Background: During antigen capture and processing, mature dendritic cells (DC) express large amounts of 
peptide-MHC complexes and accessory molecules on their surface. DC are antigen-presenting cells that have 
an important role in tolerance and autoimmunity. The transforming growth factor-beta1 (TGF-β1) cytokine 
has a regulatory role on the immune and non-immune cells. The aim of this study is to evaluate the effect of 
TGF-β1 on the induction of  human leukocyte antigen-G (HLA-G) expression on the DC which is derived 
from monocyte. Methods: In this study, we evaluated the effect of TGF-β1 in induction HLA-G expression 
on the monocyte-derived DC by flowcytometry and then CD4+ T cell proliferative responses in the presence 
of DC-treated TGF-β1 was studied. Results: The results of this study showed that DC bearing HLA-G down-
regulated activation of CD4+ T cells and production of IL-6 and IL-17 in comparison with control (P<0.05). 
Conclusion: It is concluded that TGF-β1 has an important regulatory role in CD4+ T cell proliferation by 
increasing HLA-G on DC and these cells can probably prevent unexpected immune responses in vivo.  Iran. 
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INTRODUCTION

ature dendritic cells (DC) are professional
antigen-presenting cells that have an 
important role in the immune tolerance 

and autoimmunity [1]. DC express not only co-
stimulatory but also co-inhibitory molecules on their 
surface to regulate T cell-mediated adaptive immune 
responses [2]. Human leukocyte antigen-G (HLA-
G1), a non-classical membrane MHC class I antigen,
is expressed as a co-regulatory molecule on trofo-
blasts that protects fetus from maternal immune 
response during pregnancy [3-6]. In addition, HLA-
G molecules can modulate cytokine secretion from T
lymphocytes [7-9]. 

CD4+ naive T cells can be differentiated to T 
helper (Th) 1, Th2, Th17. Th9, follicular helper T 
and regulatory T cells by specific cytokines. Trans-

forming growth factor beta1 (TGF-β1), the 
pleiotropic cytokine, exerts its regulatory functions 
both directly on immune cell and indirectly through 
other cell types. This cytokine is one of the key 
cytokines for immune tolerance and immune 
regulation [10]. Th17 with the capacity to produce
IL-17 has a proinflammatory role [11]. In addition, 
IL-6 is a cytokine that was initially known as a 
mediator of cell proliferation and later found as a 
factor to exhibit a wide variety of biological effects.
IL-6 promotes Th17 differentiation and suppresses 
regulatory T-cell generation [12, 13].

In this study, we evaluated the effect of TGF-β1
on HLA-G expression on DC and CD4+ T cell 
proliferation response in the presence of TGF-β-
treated DC (TGFβeta-DC).
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MATERIALS AND METHODS

Isolation of monocytes and CD4+ T cells from 
peripheral blood. Peripheral blood mononuclear 
cells were isolated from heparinzed blood that is 
donated by 5 healthy volunteers by centrifugation on 
Ficoll histipaque 1.077 (Lymphoprep, Norway). 
Cells  from interphases were collected and washed 
three times with RPMI-1640 medium (Sigma, USA). 
The number of cells were counted and the cell 
viability was determined by trypan blue exclusion. 
Monocytes and CD4+ T cells were respectively
isolated from peripheral blood mononuclear cells by 
the help of CD14+ monocyte and CD4+ T cell 
isolation kit (Miltenyi Biotec, USA). Purity of 
CD4+T cells and CD14+ monocyte was >95%, as 
analyzed by flow cytometry.

Generation of DC from CD14+cells. CD14+

monocytes (5 × 105) were cultured in RPMI-1640
medium supplemented with 10% fetal calf serum, 
100 units/ml penicillin and 100 μg/ml streptomycin 
for 5 days with different combinations of purified 
recombinant human cytokines including 10 ng/ml 
IL-4 (Serotec, UK), 10 ng/ml TGF-β1 (Serotec, UK) 
and 10 ng/ml granulocyte macrophage colony 
stimulating factor (GM-CSF, Serotec, UK) to 
generate immature DC. To induce maturation of DC, 
the immature DC was incubated with 1 µg/ml 
bacterial LPS for additional 48 h before cells were 
harvested [14] . 

Flowcytometry. Cells were stained with FITC-
conjugated anti-CD83, HLA-G and PE-conjugated 
anti-HLR-Dr, CD86 (eBioscience, USA) or isotype 
control antibodies (eBioscience, USA) at 4°C for 30
min. Surface expressions of the antigens were 
measured by flowcytometry (Becton Dickenson, 
USA). 

Co-culture of DC with CD4+ T cells. CD4+ T cells 
(1 × 105) and allogenic TGFβeta-DC (1 × 104) or 
control (DC) from five different donors were 
separately cultured in 96 U-shape bottom plates (200
μl per well). All samples were run in triplicates and 
cells were incubated in a humidified 5% CO2

atmosphere at 37°C for 5 days. Proliferative T cells to 
TGFβeta-DC or DC, were measured by pulsing the 
cells with 200 µl 3-[4,5-dimethylthiazolyl]-2,5-
diphenyl-tetrazolium bromide (MTT, 0.5 mg/ml, 
Sigma,USA) for 4 h and reading the color changes at 
575 nm wave length [15].  

Determination of cytokines in supernatant. 
Supernatants of DC-T cell co-cultures were 
harvested after 5 days and frozen for subsequent 
cytokine analysis. Concentrations of IL-17 and IL-6
in the supernatants of culture media were measured 
by ELISA using respective assay kits (PeproTech, 
USA). The assays were performed in duplicate. 

Statistical analysis. Data are presented as mean ± 
SD. For statistical analysis, paired t-tests were used 
and the P values were determined in all cases.

RESULTS

HLA-G expression on DC by TGF-β1. DC
generated with GM-CSF plus IL-4 (control DC) did 
not express HLA-G on their surface even after LPS 
stimulation. Presence of TGF-β1 during in vitro DC 
generation substantially increased expression of 
HLA-G on DC (TGFβeta-DC) in comparison with 
the DC generated without TGF-(P<0.05) as 
observed   by flowcytometry (Figs. 1 and 2). Initial

Fig. 1. Effect of TGF-β1 in expression of HLA-G on mature 
DC (below). TGF-β1 substantially raised the density of HLA-G 
molecules on DC in vitro in comparison with control (P<0.05).
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     Fig. 2. Analysis of DC phenotype showing the expression of HLA-DR, CD86 on the TGFβeta-DC and DC before 
stimulation with LPS (immature DC). LPS significantly affected by up regulating surface level of HLA-DR and CD86 on 
two DC (mature DC).

CD14+ cells did not express HLA-G (data not 
shown). CD83 is transiently up-regulated on DC 
after activation and can be used as a reliable marker 
for matured cells.

IL-17 and IL-6 results. The cells significantly
produced lower levels of IL-17 and IL-6 when they 
were co-cultured with CD4+ T cells (Table 1).

TGFβeta-DC led to lower allogenic CD4+ T cell 
proliferation compared to control DC upon co-
culture. We compared TGFβeta-DC and control DC 
according to the ability to induce allogenic CD4+ T 
cell proliferation by the means of MTT proliferation 
assay. It was clear that TGFβeta-DC and control DC 
showed differential ability to induce allogenic CD4+

T cell proliferation. CD4+ T cells co-cultuerd with 
TGFβeta-DC proliferated at significantly lower 
degree (mean ± SD of optical dencity,139 ± 14.3)
compared to those with control DC (mean ± SD, 170
± 28.2) (P = 0.02). These results indicate that TGF-
1 during DC generation not only induces HLA-G 
but also suppresses allogenic CD4+ T cell response. 

DISCUSSION

In the present study, we generated DC with an 

inhibitory role in CD4+ T cell proliferation in vitro.
Many experimental systems have demonstrated that 
DC bearing HLA-G acquires tolerogenic potential to 
down-regulate various immune activities [5, 7, 16].
Our results showed that these cells down-regulated 
the secretion of IL-6 and IL-17 cytokines from 
CD4+T Cell (Table 1).

We have previously reported that TGF-β1 induces 
differentiation of pripheral blood monocytes into DC 
with regulatory function [14]. This study 
demonstrated that presence of  TGF-β1 with GM-
CSF and IL-4 results in generation of DC expressing 
HLA-G (Fig. 1). HLA-G is an inhibitory constituent 
[9, 17] and therefore, it is possible that HLA-G 
which is expressed on DC by TGF-1 exert a major 
effect on suppessing CD4+ T cell proliferative 
response. In the present study, the inhibition of T 
cells proliferation was observed only when cells 

Table 1. IL-17 and IL-6 concentrations (pg/ml) in the 
supernatant of mixed leukocyte reactions (MLR) between DC 
and T cells after 5 days. Data are the mean ± SD.

             Cytokine 
MLR 

IL-17 IL-6

TGFβeta-DC + T 41.8 ± 7.66 92.6 ± 22.66

DC + T cell 89.2 ± 15.22 227  ± 57.4

P value <0.05 <0.05

                          Immature DC                                                                      Mature DC

         DC (control)                              TGFβeta DC                        DC + LPS (control)                TGFβeta DC + LPS

               CD83-FITC                             CD83-FITC                              CD83-FITC                     CD83-FITC
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Table 2. Effect of TGFβeta-DC and control DC on allogenic 
CD4+ T cell proliferation in MLR as evaluated by MTT assay. 
Data were obtained by measuing optical density at 575 nm.

MLR mean ± SD P value

TGFβeta-DC + CD4+ T cell (1:10) 139 ± 14.3
0.02DC+ CD4+ T cell (1:10) 170 ± 28.2

were treated with TGFβeta-DC (Table 2). Thus, 
TGF-β1 and HLA-G molecules on the DC are two 
components contributing to this phenomenon, 
limiting cells proliferation, thereby reducing the 
potential   of   T-cells  comparing with control. The
ability of TGFβeta-DC to induce allogenic T cell 
activation, which was leading to proliferation, 
markedly impaired. This inhibition can reflect levels 
of  co-stimulatory molecules on the cell surface 
compared to the control DC after LPS stimulation
[18]. Thus, it is also possible that the reduction of 
co-stimulatory molecules on DC as a result of TGF-
 treatment may contribute to less allogenic CD4+

T cell proliferative response to TGFβeta-DC  (Fig.
2). IL-17 and IL-6 promote Th17 differentiation 
while they suppress T regulatory development [19,
20]. Toh et al. [21] showed that IL-17 inhibits 
human Th1 differentiation through IL-12Rβ2 down-
regulation. Our results also suggest that tolerogenic 
effects of TGF-β1 may be accompalished by down-
regulation of proinflammatory cytokines production.

According to our data, we would like to suggest 
that TGFβeta-DC may be a critical subset of DC to 
limit undesirable immune response by suppressing 
adaptive T-cell activities.
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