
          Cell J, Vol 22, No 2, July-September (Summer) 2020 236

Original Article

Helios, CD73 and CD39 Induction in Regulatory T Cells Exposed to 
Adipose Derived Mesenchymal Stem Cells

Maryam Fakhimi, M.Sc.1, 2, Abdol-Rasoul Talei, M.D.3, Abbas Ghaderi, Ph.D.1, 2, Mojtaba Habibagahi, Ph.D.2, 
Mahboobeh Razmkhah, Ph.D.1*

1. Shiraz Institute for Cancer Research, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran
2. Department of Immunology, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran

3. Breast Diseases Research Center (BDRC), Shiraz University of Medical Sciences, Shiraz, Iran

*Corresponding Address: P.O.BOX: 71345-1798, Shiraz Institute for Cancer Research, School of Medicine, Shiraz University 
of Medical Sciences, Shiraz, Iran
Email: razmkhahm@sums.ac.ir

 
Received: 23/August/2018, Accepted: 25/February/2019
Abstract
Objective: Mesenchymal stem cells (MSCs) have prominent immunomodulatory roles in the tumor microenvironment. 
The current study intended to elucidate Treg subsets and their cytokines after exposing naïve T lymphocytes to adipose-
derived MSCs (ASCs).   
Materials and Methods: In this experimental study, to obtain ASCs, breast adipose tissues of a breast cancer patient 
and a normal individual were used. Magnetic cell sorting (MACS) was employed for purifying naïve CD4+ T cells 
from peripheral blood of five healthy donors. Naïve CD4+ T cells were then co-cultured with ASCs for five days. The 
phenotype of regulatory T cells (Tregs) and production of interleukine-10 (IL-10), transforming growth factor beta 
(TGF-β) and IL-17 were assessed using flow cytometry and ELISPOT assays, respectively. 
Results: CD4+CD25-FOXP3+CD45RA+ Tregs were expanded in the presence of cancer ASCs but 
CD4+CD25+Foxp3+CD45RA+ regulatory T cells were up-regulated in the presence of both cancer- and normal-ASCs. 
This up-regulation was statistically significant in breast cancer-ASCs compared to the cells cultured without ASCs 
(P=0.002). CD4+CD25+ FOXP3+Helios+, CD4+CD25- FOXP3+Helios+ and CD25+ FOXP3+CD73+CD39+ Tregs were 
expanded after co-culturing of T cells with both cancer-ASCs and normal-ASCs, while they were statistically significant 
only in the presence of cancer-ASCs (P<0.05). Production of IL-10, IL-17 and TGF-β by T cells was increased in the 
presence of either normal- or cancer-ASCs; however, significant effect was only observed in the IL-10 and TGF-β of 
cancer-ASCs (P<0.05).                        
Conclusion: The results further confirm the immunosuppressive impacts of ASCs on T lymphocytes and direct them 
to specific regulatory phenotypes which may support immune evasion and tumor growth.    
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Introduction
Mesenchymal stem cells (MSCs) are multipotent 

adult stem cells and their primitive origin is mesoderm. 
They possess self-renewal ability and are capable of 
differentiating into not only mesodermal cell lineage, 
but also ectodermic and endodermic cell lineages 
(1, 2). MSCs have the ability to home and engraft at 
sites of injury in the pathological conditions such as 
inflammation, neoplasia and tissue repair. These cells 
are recruited into tumor microenvironment in response 
to cytokines and chemokines produced by tumor cells. 
Within the tumor mass, MSCs can differentiate into 
fibroblasts, myofibroblasts, pericytes and carcinoma-
associated fibroblast and cooperate with endothelial and 
inflammatory cells exacerbating tumor status (3, 4). 

The anti-inflammatory and immune-modulating 
properties of MSCs have been shown in many studies. 
For instance, prohibiting effector T-cells activation along 
with increase in regulatory T cells (Tregs) population 
(5, 6) are known as important immune-modulating 
mechanisms. The suppression mechanism of T-cells by 
MSCs could be direct (cell-cell contact) or may occur 

indirectly by secreting soluble factors such as nitric oxide 
(NO), indoleamine 2,3-dioxygenase (IDO), prostaglandin 
E2 (PGE2), interleukine-10 (IL-10) and transforming 
growth factor beta (TGF-β) (7, 8). They inhibit activation 
and function of T-cells by down-regulating major 
histocompatibility complex (MHC) class II molecules 
and IL-12, decreasing interferon-γ (IFN-γ) and inducing 
generation of Tregs through IL-10 production, besides 
of releasing human leukocyte antigen-G (HLA-G) (9, 
10). Tregs are generally characterized by the expression 
of forkhead box transcription factor (FOXP3) and play 
prominent roles in peripheral tolerance and controlling 
immune responses, towards the autoimmune diseases, 
allergies, infection-induced organ pathology and tumors 
(11, 12). 

Soluble mediators such as TGF-β, IL-10 and IL-35 in 
addition to immunosuppressive metabolites, including 
adenosine production, are responsible for the suppressive 
mechanisms of Tregs (13-15). Naturally occurring Treg 
cells and antigen-induced CD4+CD25+FOXP3+ Tregs 
have been widely studied. However, other additional 
subsets and markers of Treg cells have received less 
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attention in identification and characterization of these 
cells (16). CD45RA, CD25, CD73, CD39 and Helios are 
among the most important markers of Treg cells, whose 
roles have recently been identified (17). CD39 and CD73 
are recognized as markers of Tregs with the capability of 
circular adenosine monophosphate (cAMP) or adenosine 
mediated suppression (18). Recent studies confirmed 
that MSC-exposed Tregs carry more immunosuppressive 
properties than Tregs co-cultured without MSCs (19). 
Here, we further clarified Treg subsets through assessment 
of CD45RA, CD73, CD39 and Helios expression after 
adipose derived mesenchymal stem cell (ASC)-T cell 
crosstalk. Then, expression level of IL-10, TGF-β and 
IL-17 were determined in T cells co-cultured in the 
presence of ASCs.

Materials and Methods 
This experimental study was approved by the Ethics 

Committee of Shiraz University of Medical Sciences 
(Shiraz, Iran, Code No. 9113). All donors were provided 
written and signed informed consent to take part in this 
study.

Isolation, culture and characterization of human 
adipose-derived mesenchymal stem cells 

ASCs were provided from breast adipose tissues of 
one breast cancer patient and one normal individual 
undergoing mammoplasty surgery as previously 
explained (15, 20, 21). Briefly, fragments of adipose 
tissue were washed with phosphate buffered saline 
(PBS), minced and digested using 0.2% collagenase 
type I (Gibco, USA) at 37˚C for about 45 minutes. 
The digested materials were centrifuged at 400 g for 
10 minutes. The stromal vascular fraction (SVF) was 
separated using Ficoll gradient (Biosera, UK) through 
centrifugation at 400 g for 20 minutes. The cells 
were washed with PBS and plated into T-25 plastic 
cell culture flasks in Dulbecco’s Modified Eagle’s 
Medium (DMEM, Biosera, UK) containing 10% fetal 
bovine serum (FBS, Gibco, USA) and 1% penicillin/
streptomycin (Gibco, USA). The cultured cells were 
incubated at 37˚C and 5% CO2 with 95% humidity. 
Following 24 hours incubation, non-adherent cells 
were discarded. The medium was exchanged every 72 
hours. The harvested cells were sub-cultured and used 
for further experiments. To characterize the cells with 
flow-cytometer, ASCs were stained with fluorescein 
isothiocyanate (FITC)-conjugated mouse anti-human 
CD45, CD34 and CD14 (BD Biosciences, USA) as 
well as phycoerythrin (PE)-conjugated mouse anti-
human CD90, CD105, CD44, CD73 (BD Biosciences). 
To evaluate differentiation capacity of the cells, 
they were treated with conditioned medium for 
osteocyte, chondrocyte and adipocyte differentiation, 
as previously described (15, 20, 21). ASCs isolated 
from the breast cancer patient and normal subject are 
hereafter called cancer-ASCs and normal-ASCs in this 
article.

Isolation of naïve CD4+ T cells from human peripheral 
blood mononuclear cells 

Peripheral blood mononuclear cells (PBMCs) were 
isolated by density gradient centrifugation using Ficoll 
gradient (Biosera, USA) from six healthy donors with 
respectively the mean ± standard deviation (SD) and 
median age of 33.8 ± 2.7 and 35 years old. To exclude 
monocytes from mononuclear cells, isolated PBMCs 
were cultured at 37˚C for 45 minutes. After incubation 
time, the remaining flout cells were collected as 
peripheral blood lymphocytes (PBLs). Separation of 
naïve CD4+ T cells was performed using the Human 
Naive CD4+ T cell Isolation Kit II (Miltenyi Biotec, 
Germany). In brief, highly pure naïve CD4+ T cells 
were achieved by depletion of magnetically labeled 
non-CD4+ T cells and CD45RO+ memory T cells using 
a cocktail of biotin-conjugated antibodies against 
CD8, CD14, CD15, CD16, CD19, CD25, CD34, 
CD36, CD45RO, CD56, CD123, T cell receptor (TCR)
γ/γ, HLA-DR, CD235a and anti-Biotin micro-beads 
(Miltenyi Biotec, Germany). The cell subset purity 
was regularly tested using flow cytometer, for the 
expression of CD4 and CD45RA. 

Co-culture of adipose-derived mesenchymal stem cells 
and naïve CD4+ T cells

Naïve CD4+ T cells (25×104) were directly cultured with 
ASCs (25×103) at a ratio of  10  to 1 in RPMI 1640 (Biosera, 
UK) containing 10% FBS, 1% penicillin/streptomycin, 20 
ng/ml phytohemagglutinin (PHA, Roche, Germany) and 
7% autologous serum of  healthy donors. The culture was 
incubated at 37˚C and 5% CO2 with 95% humidity for 
five days.

Flow cytometry analysis
T cells were removed from culture and subjected to flow 

cytometer for characterization. To blockade Fc receptors, 
all cells were incubated for 10 minutes at 4˚C with 10 µl/ml 
human serum before staining with fluorescent antibodies. 
Fluorescent antibodies and the respective isotype 
controls were then added. Flow cytometry analysis was 
performed with a FACSCalibur (BD Biosciences) using 
directly labeled monoclonal Abs (mAbs), PerCP mouse 
anti-human CD4, FITC mouse anti-human CD25, APC 
mouse anti-human CD45RA, PerCP-CYTM5.5 mouse 
anti-human CD73, APC mouse anti-human CD39, PE 
mouse anti-human FOXP3 (BD Biosciences), APC anti-
mouse/human Helios (Biolegend, Germany) and isotype 
control antibodies, all according to the manufacturers’ 
protocol. The collected data were analyzed using FlowJo 
7.6 software.

Measurement of cytokine production by enzyme 
linked immunosorbent spot assay

ASCs (25×103) were directly co-cultured with isolated 
naïve CD4+ T cells (25×104) in RPMI 1640 containing 
10% FBS, 1% penicillin/streptomycin, 20 ng/ml PHA and 
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7% autologous serum of  healthy donors. After five days, 
T cells were extracted from the culture and the production 
of cytokines including IL-10 (U-CyTech Biosciences, 
Netherland), TGF-β (R&D, USA) and IL-17 (U-CyTech 
Biosciences, Netherland) was measured. The ELISPOT 
assays were performed according to the manufacturers’ 
instruction. 

Statistical analysis

The data are represented as mean ± standard error 
mean (SEM). All statistical analyses were performed 
using statistical package for the social sciences 
(SPSS, Chicago, IL, USA) software version 16.0, 
nonparametric Mann-Whitney U test, Friedman and 
Dunn’s and Kruskal-Wallis H tests. All graphs were 
plotted and evaluated by means of FlowJo 7.6.2 
and GraphPad Prism 5 software. The P<0.05 were 
considered statistically significant.

Results
Adipose-derived mesenchymal stem cells isolation and 
characterization

ASCs had adhesion properties to the bottom of culture 
flasks and they were appeared as a homogenously spindle 
shaped population (Fig.1A). The flow cytometry analysis 
of ASCs revealed that more than 90% of all cancer and 
normal ASCs were positive for the stem cell specific 
markers, including CD90, CD105, CD44 and CD73, but 
they were negative for the expression of hematopoietic 
specific markers, such as CD45, CD34 and CD14 (Fig.1B).

Purity of the isolated naïve CD4+ T cells
After isolating naïve CD4+ T cells from peripheral 

blood of healthy donors, their purity were verified by CD4 
and CD45RA expression analyses using flow cytometry. 
Results showed more than 96% purity for CD4+ CD45RA+ 
cells (Fig.2).

Fig.1: Morphological characterization of adipose-derived mesenchymal stem cells (ASCs) as well as flow cytometry analysis. A. ASCs were appeared with spindle shape 
in culture (scale bar: 100 µm) and B. The flow cytometry analysis of ASCs illustrate that more than 90% of all cancer and normal ASCs were positive for stem cell specific 
markers including CD44, CD105, CD73 and CD90, but they were negative for the expression of hematopoietic specific markers such as CD14, CD45 and CD34.
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Fig.2: Purity of the isolated naïve CD4+ T cells was evaluated using flow 
cytometry for the expression of CD4 and CD45RA (solid histograms). 
Results illustrate more than 96% purity for CD4+ and CD45RA+ cells. 
Solid and lined histograms represent isotype control and unstained cells, 
respectively. 

Phenotypic analysis of harvested regulatory T cells
Phenotype of the harvested Tregs was studied more in 

detail, as CD45RA+ and Helios+ T cells were determined 
in the population of CD4+CD25+FOXP3+ and CD4+CD25- 
FOXP3+ T lymphocytes. CD73+CD39+ T lymphocytes 
were also assessed in the population of CD25+ FOXP3+ 
and CD25- FOXP3+ cells. 

CD45RA+ T cells in the population of CD4+CD25+ 
FOXP3+ and CD4+CD25-FOXP3+ cells

After five days co-culturing naïve T cells with 

normal- and cancer-ASCs, CD45RA+ T cells were 
investigated in the population of CD4+CD25+FOXP3+ 
and CD4+CD25-FOXP3+ cells. Results showed that the 
effect of cancer-ASCs was more significant than normal-
ASCs on augmenting CD45RA+ cells, compared to the 
control group (P=0.002). Mean ± SEM percentage of 
CD4+CD25+FOXP3+CD45RA+ phenotype was 24.05 ± 
5.5%, 21.36 ± 4.7%, and 9.51 ± 3.6% respectively after 
co-culturing with cancer-ASCs and normal-ASCs and in 
the control group (Fig.3A). Although naïve T cells co-
culture with cancer-ASCs resulted in approximately two-
fold expansion of CD45RA+ T cells in the population of 
CD4+CD25-FOXP3+ cells compared to the control group, 
this expansion was not statistically significant (P>0.05, 
Fig.3B).

Fig.3: The percentage of CD45RA+CD4+CD25+FOXP3+ and CD45RA+CD4+CD25-

FOXP3+ Tregs population. After five days culturing of naïve CD4+ T cells with 
adipose-derived mesenchymal stem cells (ASCs), the percentage of A. 
CD45RA+CD4+CD25+FOXP3+ T cells and B. CD45RA+CD4+CD25-Foxp3+ T cells 

was evaluated by flow cytometry method. The results illustrate mean ± 
SEM of cell percentages. **; P<0.01 compared to the control group.

A
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Helios+ T cells in the population of CD4+CD25+FOXP3+ 
and CD4+CD25-FOXP3+ cells

Presence of normal-ASCs and cancer-ASCs in the 
culture increased Helios+ T cells in the population of 
CD4+CD25+FOXP3+ cells. The results showed that 
effect of cancer-ASCs was more significant than 
normal-ASCs on augmenting Helios+ cells compared to 
the control group (P=0.005). Mean ± SEM  percentage 
of T cells with CD4+CD25+FOXP3+Helios+  phenotype 
were 15.59 ± 4.6%, 12.63 ± 3.6%, and 5.90 ± 2.6% in 
the presence of cancer-ASCs and normal-ASCs and in 
the control group, respectively. (Fig.4A). 

Helios+ T cells, in the population of CD4+CD25- 
FOXP3+, were increased in the presence of normal-
ASCs and cancer-ASCs. Additionally, the effect of 
cancer-ASCs on augmentation of Helios+ T cells was 
significant, compared to the control group (P=0.005, 
Fig.4B).

CD4+CD25+FOXP3-Helios+ and CD4+CD25+FOXP3+Helios- 
T lymphocytes were also investigated in this study. The results 
showed that co-culturing naïve CD4+ T cells with cancer-
ASCs and normal-ASCs caused decreased population of 
CD4+CD25+FOXP3-Helios+ in comparison with the control 
group (P=0.028 and 0.028, respectively). Mean ± SEM 
percentage of CD4+CD25+FOXP3-Helios+ phenotype was 11.15 
± 0.6%, 12.47 ± 0.9% and 31.02 ± 4.2% after co-culturing with 
cancer-ASCs, normal-ASCs and control group, respectively. 
Changes in the phenotype of CD4+CD25+FOXP3+Helios- T 
lymphocytes were not statistically significant (P>0.05).

CD73+CD39+ T cells in the population of CD25+FOXP3+ 
and CD25-FOXP3+ cells

When we compared presence of the normal-
ASCs and cancer-ASCs to the control group, the 
percentage of CD25+FOXP3+CD73+CD39+ phenotype 
was increased in both normal and cancer-ASCs. 
Although, this was only significant in the presence 
of cancer-ASCs (P=0.005). Mean ± SEM percentage 
of CD73+CD39+CD25+FOXP3+ T cells cultured with 
cancer-ASCs, normal-ASCs and control group were 
respectively 4.00 ± 0.84, 2.41 ± 0.47, and 0.93 ± 0.08. 
Phenotypic changes of CD39+CD73+ T cells in the 
population of CD25-FOXP3+ was not significant (P> 
0.05, Fig.5A, B).

The populations of CD39+CD73+CD25+FOXP3+ 
and CD39+CD73+CD25-FOXP3+  T lymphocytes were 
phenotypically compared when naïve CD4+ T cells 
cultured with cancer-ASCs, normal-ASCs and control 
group. Results showed significant phenotypic changes 
between these two populations when naïve CD4+ T 
cells were cultured with normal-ASCs and cancer-
ASCs (P=0.017 and 0.008, respectively). 

Mean ± SEM percentage of CD73+CD39+CD25+FOXP3+ 

and CD73+CD39+CD25-FOXP3+ T cells, cultured with 
cancer-ASCs, were 4 ± 0.8 and 0.88 ± 0.2, respectively. 
Mean ± SEM percentage of CD73+CD39+CD25+FOXP3+ 
and CD73+CD39+CD25-FOXP3+ T cells, cultured with 
normal-ASCs, were respectively 2.4 ± 0.4 and 0.67 
± 0.2. Phenotypic changes of these two populations, 
when naïve CD4+ T cells cultured as control group, 
was not statistically significant (P >0.05).

Fig.4: Percentage of the Helios+ Tregs population. After five days 
culturing of naïve CD4+ T cells with adipose-derived mesenchymal 
stem cells (ASCs). Percentage of A. The CD4+CD25+FOXP3+Helios+ T cells 

was evaluated by flow cytometry method and B. Percentage of the 
CD4+CD25-FOXP3+Helios+ T cells population was also determined. The 
results illustrate mean ± SEM of cell percentages. **; P<0.01 compared 
to the control group.

A

B



Cell J, Vol 22, No 2, July-September (Summer) 2020241

Fakhimi et al.

 

Fig.5: Percentage of the CD39+CD73+ in CD25+FOXP3+ and CD25-FOXP3+ 

T cells population subsequent to co-culturing with adipose-derived 
mesenchymal stem cells (ASCs). After five days culturing of naïve CD4+ 

T cells with ASCs, percentage of CD39+CD73+ T cells in A. CD25+FOXP3+ 

population and B. CD25-FOXP3+ population was evaluated by flow 
cytometry method. The results illustrate mean ± SEM. **; P<0.01 
compared to the control group. 

Measurement of cytokine production by ELISPOT assay 
Production of IL-10, TGF-β and IL-17 by T cells was 

evaluated in the presence and absence of ASCs, employing 
ELISPOT technique. The results showed that production of 
the cytokines was increased in the presence of ASCs. IL-10 
production was increased by T cells, after exposure of naïve 
CD4+ T cells to either normal- or cancer-ASCs. This effect 
was statistically significant for the cancer-ASCs compared 
to the control group (P=0.038). Mean ± SEM number of 
IL-10 spots by T cells cultured with cancer-ASCs, normal-
ASCs and control group were 47.17 ± 15.1, 23.17 ± 7.5, and 
3.167 ± 0.72, respectively. TGF-β production of the T cells 

was increased in the presence of cancer-ASCs compared to 
normal-ASCs and absence of the ASCs (P=0.0006 and 0.003, 
respectively). Mean ± SEM number of TGF-β spots by T 
cells, cultured with cancer-ASCs, normal-ASCs and control 
group were respectively 36.08 ± 4.7, 15.96 ± 2.8, and 10 ± 
1.4. IL-17 production of T cells was increased while they 
were co-cultured with ASCs and the effect of normal-ASCs 
on IL-17 production was significant compared to the naïve T 
cells which were not cultured with ASCs  (P=0.015). Mean ± 
SEM of IL-17 spots by T cells, cultured with cancer-ASCs, 
normal-ASCs and control group were respectively 41.5 ± 1.8, 
64.33 ± 17.2, and 3.7 ± 1.9 (Fig.6).

Fig.6: Producing interleukine-10 (IL-10), transforming growth factor 
beta (TGF-β) and IL-17 by T cell after co-culturing with adipose-derived 
mesenchymal stem cells (ASCs). After five days culturing of naïve CD4+ T 
cells with ASCs, IL-10, TGF-β and IL-17 produced by T cells were evaluated 
using ELISPOT method. The results illustrate mean ± SEM. *; P<0.05, **; 
P<0.01 and ***; P< 0.001 compared to naïve T cells which were not co-
cultured with ASCs (control group).
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Discussion
Previous studies have indicated that high infiltration of 

tumors by regulatory CD4+FOXP3+ T cells associate with 
poor prognosis in different types of solid tumors, through 
limiting antitumor immune responses (22).  Low numbers 
of tumor infiltrating FOXP3+ T cells and high numbers 
of infiltrating CD8+ lymphocytes have been suggested 
as favorable prognostic markers for invasive ductal 
carcinoma of the breast (23). It is proposed that tumor 
promoting effects of Tregs is mostly mediated through 
their recruitment to the tumor microenvironment or local 
expansion rather than increased suppressive properties in 
the tumor sites (5, 22). 

Among several cell types in the vicinity of tumor 
cells, MSCs are known as important players with 
immunomodulatory effects on both innate and adaptive 
immunity through direct cell to cell contact or secretion 
of soluble factors (5). Herein, ASC-naïve CD4+ T cell 
crosstalk was assessed and Treg subsets were subsequently 
further clarified in detail. The initial results disclosed 
that normal and cancer ASCs induced both CD25+ and 
CD25- Tregs, but cancer ASCs showed stronger effect 
for inducing CD25- phenotype compared to the normal 
ASCs. The observed expansion of CD25-FOXP3+ Tregs 
in this study has been reported in previous researches (15, 
21). CD25- T cells are a subset of Tregs induced by tumor 
and involved in tumor-induced immunosuppression (24). 
Yang et al. (25)  realized that a specific proportion of 
intratumoral CD4+ T cells in non-Hodgkin lymphoma 
patients was CD4+CD25-FOXP3+ Tregs with the ability 
of suppressing T cells proliferation. In another study, 
both conventional and CD4+CD25-FOXP3+ Tregs were 
detected in tumor draining lymph nodes of colorectal 
cancer patients but CD25- T cells were characterized 
with lower suppressive properties (26). Thus according 
to the results of this part of our study, ASCs from breast 
cancer tissues may suppress immune responses through 
increasing population of CD4+CD25-FOXP3+CD45RA+ 
Tregs, beside the conventional Tregs in the tumor 
microenvironment. 

It was thought that majority of Tregs have memory 
phenotype, while they were defined by high expression 
of CD45RO and low expression of CD45RA. Memory 
Tregs survive longer than naïve Tregs and they have 
specialized subsets in different tissues (27). CD45RA+ 
Tregs showed increased level of FOXP3 and strong 
suppressive ability as well as memory Tregs (28). Herein, 
there was no reduction of CD45RA+ lymphocytes after 
co-culturing with neither cancer nor normal ASCs and the 
likelihood of increased memory population (CD45RO+ 
Tregs). It seems that the balance between naive and 
memory Tregs is reversed in some autoimmune diseases, 
such as multiple sclerosis (MS) showing reduced number 
and function of CD45RA+ Tregs, while expansion of 
memory Tregs has been reported in these patients (29, 
30). Anyway, for achieving more reliable conclusions 
from our results, it was better to check CD45RO+ Tregs or 

co-culture the cells for a longer period of time. 
Helios, is an Ikaros transcription factor family member 

known as a marker of natural Treg (nTregs). Although 
recently, several reports have also shown that inducible 
Tregs (iTregs) express Helios in vitro and in vivo (31, 32). 
Other studies on mixed populations of naïve and memory 
Helios+ or Helios- Tregs showed higher expression of 
IFN-γ, IL-17 and IL-2 by Helios- Tregs compared to 
Helios+ Tregs (33). In contrast, Himmel et al. (34) revealed 
that Helios+ and Helios- nTregs are not different in their 
functional properties for suppressing T cell proliferation. 
In the present study, we investigated the expression of 
Helios in the population of both CD4+CD25+FOXP3+ 
and CD4+CD25-FOXP3+ Tregs and the results revealed 
expansion of this subset in both population after exposing 
the cells to ASCs, specially to cancer ASCs. Consequently, 
ASCs not only increase the population of FOXP3+ Tregs, 
but also induce the expression of Helios in these cells. 
This transcription factor, along with FOXP3, can increase 
suppressive activity of Tregs and since Helios+ cells 
produce less inflammatory cytokines than Helios- cells 
(33), the former cells probably show more suppressive 
activity in the tumor site. The significance of this role of 
ASCs for inducing Helios is more pronounced when we 
refer to Yates et al. (35) study. They reported that under 
the chronic inflammation, Tregs may lose their Helios 
expression which can result in differentiating to effector T 
helper cells and consequently suppressing tumor growth. 

Tregs mediate their immunosuppressive functions 
through various mechanisms including cell to cell contact, 
secretion of IL-35, IL-10 and TGF-β as well as the 
conversion of adenosine triphosphate (ATP) to adenosine 
through expression of CD39 and CD73 (36). CD39 
and CD73 are two ectonucleotidases that collaborate 
in the production of extracellular adenosine through 
ATP hydrolysis. Indeed, CD39 generates adenosine 
monophosphate (AMP), which is in turn used by the CD73 
ectonucleotidase to synthesize adenosine. Consequently, 
co-expression of CD73 and CD39 on Tregs surface is 
necessary for the maximum suppressor function (37, 38). 
In the present study, expressions of CD73 and CD39 were 
studied when naïve CD4+ T cells were co-cultured with 
ASCs. The results revealed that co-culturing of naïve T 
cells with ASCs increased CD73+CD39+, but not CD73-

CD39+ and CD73+CD39- subsets of T cells,  which was 
statistically significant in the presence of cancer-ASCs. 
Interestingly, CD25- FOXP3+CD73+CD39+ cells were 
reduced after exposing to both cancer- and normal-ASCs 
compared to the control group. The results suggest that 
induced CD25+ Tregs in the presence of ASCs, especially 
cancer-ASCs, may have stronger immunosuppressive 
effects compared to the CD25- counterparts due to 
co-expression of CD73 and CD39. This can result in 
inducing metabolic disruption of the recruited effector 
T cells to the tumor site. The current results are further 
confirmed by Saldanha-Araujo et al. (39) who showed 
that the amount of adenosine and CD73+ T lymphocytes 
augmented significantly after exposing to bone marrow 
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MSCs. Collectively, it can be proposed that adenosine 
signaling would be important for immunomodulatory 
properties of ASCs. 

According to the results of functional assay obtained 
from co-cultured naïve T cells, all three cytokines, IL-
10, TGF-β and IL-17 were increased upon co-culturing 
of naïve T-cells with ASCs. Although cancer-ASCs had 
more significant effects on developing IL-10- and TGF-β- 
producing Tregs, normal-ASCs induced IL-17-producing 
Tregs. Despite most studies indicate secretion of anti-
inflammatory cytokines by Tregs, it is well demonstrated 
that specific subgroups of these cells are capable of 
producing pro-inflammatory cytokines, such as IL-17 
with immunosuppressive functions (40). 

Conclusion
Both cancer and normal ASCs create immunomodulatory 

effects, but it seems that tumor cells educate ASCs for 
inducing immunosuppressive Tregs. Herein, the obtained 
results may represent a better understanding of how 
immune cells and stromal components of tumor site, in 
particular MSCs, communicate with each other. This can 
help us predict more successful therapeutic approaches 
for treatment of breast cancer. 

Acknowledgements
We are grateful of normal individuals and breast cancer 

patients participating in this project. This study was 
conducted as a requirement for the Immunological M.Sc. 
thesis defended by Ms. Maryam Fakhimi and supported 
by funding from Shiraz University of Medical Sciences, 
Grant No. 94-01-01-9113 and Shiraz Institute for Cancer 
Research [ICR-100-504]. The authors declared no conflict 
of interest regarding this study.

Authors’ Contributions
M.R.; Designing the project, supervising lab 

experiments, data analysis and preparing the manuscript. 
M.F.; Doing lab experiments, analyzing the data and 
preparing manuscript draft. A-R.T.; Helping us to choose 
the patients, preparing the samples, and reading the 
manuscript. A.Gh.; Designing and supervising the project 
and preparing the manuscript.  M.H.; Providing the IL-
10 ELISPOT Kit and reading the manuscript. All authors 
read and approved the final manuscript.

References 

1. Yang X, Hou J, Han Z, Wang Y, Hao C, Wei L, et al. One cell, 
multiple roles: contribution of mesenchymal stem cells to tumor de-
velopment in tumor microenvironment. Cell Biosci. 2013; 3(1): 5.

2. Zhang T, Lee YW, Rui YF, Cheng TY, Jiang XH, Li G. Bone marrow-
derived mesenchymal stem cells promote growth and angiogen-
esis of breast and prostate tumors. Stem Cell Res Ther. 2013; 4(3): 
70. 

3. Whiteside TL. The tumor microenvironment and its role in promot-
ing tumor growth. Oncogene. 2008; 27(45): 5904-5912. 

4. Yi T, Song SU. Immunomodulatory properties of mesenchymal 
stem cells and their therapeutic applications. Arch Pharm Res. 
2012; 35(2): 213-221. 

5. Di Nicola M, Carlo-Stella C, Magni M, Milanesi M, Longoni PD, 
Matteucci P, et al. Human bone marrow stromal cells suppress 
T-lymphocyte proliferation induced by cellular or nonspecific mito-
genic stimuli. Blood. 2002; 99(10): 3838-3843. 

6. Duffy MM, Ritter T, Ceredig R, Griffin MD. Mesenchymal stem cell 
effects on T-cell effector pathways. Stem Cell Res Ther. 2011; 2(4): 
34. 

7. Al-Nbaheen M, Vishnubalaji R, Ali D, Bouslimi A, Al-Jassir F, Meg-
ges M, et al. Human stromal (mesenchymal) stem cells from bone 
marrow, adipose tissue and skin exhibit differences in molecular 
phenotype and differentiation potential. Stem Cell Rev. 2013; 9(1): 
32-43. 

8. Bajenoff M, Egen JG, Koo LY, Laugier JP, Brau F, Glaichenhaus N, 
et al. Stromal cell networks regulate lymphocyte entry, migration, 
and territoriality in lymph nodes. Immunity. 2006; 25(6): 989-1001. 

9. Abumaree M, Al Jumah M, Pace RA, Kalionis B. Immunosuppres-
sive properties of mesenchymal stem cells. Stem Cell Rev. 2012; 
8(2): 375-392. 

10. Baer PC, Geiger H. Adipose-derived mesenchymal stromal/stem 
cells: tissue localization, characterization, and heterogeneity. Stem 
Cells Int. 2012; 2012: 812693. 

11. Bonelli M, Savitskaya A, Steiner CW, Rath E, Smolen JS, Schei-
necker C. Phenotypic and functional analysis of CD4+ CD25- 
Foxp3+ T cells in patients with systemic lupus erythematosus. J 
Immunol. 2009; 182(3): 1689-1695. 

12. Li Z, Li D, Tsun A, Li B. FOXP3+ regulatory T cells and their func-
tional regulation. Cell Mol Immunol. 2015; 12(5): 558-565.

13.  Peterson RA. Regulatory T-cells: diverse phenotypes integral 
to immune homeostasis and suppression. Toxicol Pathol. 2012; 
40(2): 186-204. 

14. Ray A, Khare A, Krishnamoorthy N, Qi Z, Ray P. Regulatory T cells 
in many flavors control asthma. Mucosal Immunol. 2010; 3(3): 216-
229. 

15. Razmkhah M, Abedi N, Hosseini A, Imani MT, Talei AR, Ghaderi 
A. Induction of T regulatory subsets from naive CD4+ T cells after 
exposure to breast cancer adipose derived stem cells. Iran J Im-
munol. 2015; 12(1): 1-15. 

16. Wang RF. CD8+ regulatory T cells ,their suppressive mechanisms, 
and regulation in cancer. Hum Immunol. 2008; 69(11): 811-814. 

17. Miyara M, Yoshioka Y, Kitoh A, Shima T, Wing K, Niwa A, et al. 
Functional delineation and differentiation dynamics of human 
CD4+ T cells expressing the FoxP3 transcription factor. Immunity. 
2009; 30(6): 899-911. 

18. Borsellino G, Kleinewietfeld M, Di Mitri D, Sternjak A, Diamantini A, 
Giometto R, et al. Expression of ectonucleotidase CD39 by Foxp3+ 
Treg cells: hydrolysis of extracellular ATP and immune suppres-
sion. Blood. 2007;110(4): 1225–1232. 

19. Yan Z, Zhuansun Y, Chen R, Li J, Ran P. Immunomodulation of 
mesenchymal stromal cells on regulatory T cells and its possible 
mechanism. Exp Cell Res. 2014; 324(1): 65-74. 

20. Razmkhah M, Jaberipour M, Hosseini A, Safaei A, Khalatbari B, 
Ghaderi A. Expression profile of IL-8 and growth factors in breast 
cancer cells and adipose-derived stem cells (ASCs) isolated from 
breast carcinoma. Cell Immunol. 2010; 265(1): 80-85. 

21. Razmkhah M, Jaberipour M, Erfani N  ,Habibagahi M, Talei AR, 
Ghaderi A. Adipose derived stem cells (ASCs) isolated from breast 
cancer tissue express IL-4, IL-10 and TGF-beta1 and upregulate 
expression of regulatory molecules on T cells: do they protect 
breast cancer cells from the immune response? Cell Immunol. 
2011; 266(2): 116-122. 

22. Facciabene A, Motz GT, Coukos G. T-regulatory cells: key players 
in tumor immune escape and angiogenesis. Cancer Res. 2012; 
72(9): 2162-2171.

23. Xu Y, Lan S, Zheng Q. Prognostic significance of infiltrating im-
mune cell subtypes in invasive ductal carcinoma of the breast. Tu-
mori. 2018; 104(3): 196-201. 

24. Han Y, Guo Q, Zhang M, Chen Z, Cao X. CD69+ CD4+ CD25- 
T cells, a new subset of regulatory T cells, suppress T cell prolif-
eration through membrane-bound TGF-beta 1. J Immunol. 2009; 
182(1): 111-120. 

25. Yang ZZ, Novak AJ, Ziesmer SC, Witzig TE, Ansell SM. CD70+ 
non-Hodgkin lymphoma B cells induce Foxp3 expression and reg-
ulatory function in intratumoral CD4+CD25 T cells. Blood. 2007; 
110(7): 2537-2544. 

26. Jafarinia M, Mehdipour F, Hosseini SV, Ghahramani L, Hos-
seinzadeh M, Ghaderi A. Determination of a CD4+CD25-
FoxP3+ T cells subset in tumor draining lymph nodesof colorec-
tal cancer secreting IL-2 and IFN-γ. Tumour Biol. 2016; 37(11): 
14659-14666. 



          Cell J, Vol 22, No 2, July-September (Summer) 2020 244

ASCs and Tregs

27. Rosenblum MD, Way SS, Abbas AK. Regulatory T cell memory. 
Nat Rev Immunol. 2016; 16(2): 90-101. 

28. Seddiki N, Santner-Nanan B, Tangye SG, Alexander SI, Solomon 
M, Lee S, et al. Persistence of naive CD45RA+ regulatory T cells in 
adult life. Blood. 2006; 107(7): 2830-2838. 

29. Haas J, Fritzsching B, Trubswetter P, Korporal M, Milkova L, Fritz 
B, et al. Prevalence of newly generated naive regulatory T cells 
(Treg) is critical for Treg suppressive function and determines Treg 
dysfunction in multiple sclerosis. J Immunol. 2007; 179(2): 1322-
1330.

30. Venken K, Hellings N, Broekmans T, Hensen K, Rummens JL, 
Stinissen P. Natural naive CD4+CD25+CD127low regulatory T cell 
(Treg) development and function are disturbed in multiple sclero-
sis patients: recovery of memory Treg homeostasis during disease 
progression. J Immunol. 2008; 180(9): 6411-6420.

31. Muto S, Owada Y, Inoue T, Watanabe Y, Yamaura T, Fukuhara M, 
et al. Clinical significance of expanded Foxp3(+) Helios(-) regula-
tory T cells in patients with non-small cell lung cancer. Int J Oncol. 
2015; 47(6): 2082-2090.

32. Ross EM, Bourges D, Hogan TV, Gleeson PA ,van Driel IR. Helios 
defines T cells being driven to tolerance in the periphery and thy-
mus. Eur J Immunol. 2014; 44(7): 2048-2058.

33. Thornton AM, Shevach EM. CD4+CD25+ immunoregulatory T cells 
suppress polyclonal T cell activation in vitro by inhibiting interleukin 
2 production. J Exp Med. 1998; 188(2): 287-296. 

34. Himmel ME, MacDonald KG, Garcia RV, Steiner TS, Levings MK. 
Helios+ and Helios- cells coexist within the natural FOXP3+ T regu-
latory cell subset in humans. J Immunol. 2013; 190(5): 2001-2008. 

35. Yates K, Bi K, Haining WN, Cantor H, Kim HJ. Comparative tran-
scriptome analysis reveals distinct genetic modules associated 
with Helios expression in intratumoral regulatory T cells. Proc Natl 
Acad Sci USA. 2018; 115(9): 2162-2167.

36. Vignali DA, Collison LW, Workman CJ. How regulatory T cells work. 
Nat Rev Immunol. 2008; 8(7): 523-532. 

37. Bono MR, Fernandez D, Flores-Santibanez F, Rosemblatt M, 
Sauma D. CD73 and CD39 ectonucleotidases in T cell differen-
tiation: beyond immunosuppression. FEBS Lett. 2015; 589(22): 
3454-3460. 

38. Deaglio S, Dwyer KM, Gao W, Friedman D, Usheva A, Erat A, et al. 
Adenosine generation catalyzed by CD39 and CD73 expressed on 
regulatory T cells mediates immune suppression. J Exp Med. 2007; 
204(6): 1257-1265. 

39. Saldanha-Araujo F, Ferreira FI, Palma PV, Araujo AG, Queiroz RH, 
Covas DT, et al. Mesenchymal stromal cells up-regulate CD39 and 
increase adenosine production to suppress activated T-lympho-
cytes. Stem Cell Res. 2011; 7(1): 66-74.

40. Beriou G, Costantino CM, Ashley CW, Yang L, Kuchroo VK, Bae-
cher-Allan C, et al. IL-17-producing human peripheral regulatory T 
cells retain suppressive function. Blood. 2009; 113(18): 4240-4249.


	_GoBack
	_ENREF_23
	_ENREF_30
	_ENREF_31
	_ENREF_33
	_ENREF_45
	_ENREF_55
	_ENREF_62
	_ENREF_63
	_ENREF_66
	OLE_LINK5
	OLE_LINK6
	_GoBack
	_GoBack
	_ENREF_12
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK4
	_Hlk10390695
	_Hlk10924541
	_Hlk10924276
	sec011
	article1.body1.sec2.sec5.p2
	sec012
	_GoBack
	OLE_LINK4
	OLE_LINK7
	OLE_LINK10
	OLE_LINK11
	OLE_LINK9
	_ENREF_20
	_ENREF_26
	baep-author-id2
	baep-author-id3
	baep-author-id4
	baep-author-id5
	baep-author-id6
	_ENREF_38
	baep-author-id8
	baep-author-id9
	baep-author-id10
	_GoBack
	_ENREF_10
	_ENREF_12
	_ENREF_27
	_ENREF_43
	_GoBack

