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The effects of mesenchymal stem cells on the IDO, HLA-G and PD-
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Abstract

Aim: Mesenchymal stem cells (MSCs) are strong immunomodulatory cells and a component of the tumor
microenvironment. In this study, we aimed to investigate the effects of MSCs derived from adipose tissue on the
expressions of immune evasive molecules indoleamine 2,3-dioxygenase (IDO), human leukocyte antigen G
(HLA-G) and programmed death-ligand 1 (PD-L1) of breast tumor cell lines MDA-MB-231 and MCF-7.
Methods: For this purpose, MSCs, MDA-MB-231 and MCF-7 cells were cultured with increased doses of
interferon gamma (IFN-g). In another plate, tumor cells were cultured in transwell inserts using the same IFN-g
stimulation to evaluate the effect of MSCs. At the end of the culture period, the HLA-G and PD-L1 expression
was detected by flow cytometry, and IDO expression by the Luminex method.

Results: We found that in low-dose IFN-g stimulation (10 ng/mL), MSCs led to a significant increase in the
HLA-G and PD-L1 expression of MCF-7 cells. On the contrary, at a high dose of IFN-g (50 ng/mL), their
expression significantly decreased in both tumor cells. In addition, we observed that the IDO expression of
MDA-MB-231 cells was significantly increased in the presence of MSCs, but MCF-7 cells were not affected.
Conclusion: In conclusion, for MDA-MB-231 cells, MSCs may play a protective role because they reduce the
expression of HLA-G and PD-L1 that are involved in the suppression of cytotoxic cells and exhaustion of T
cells. On the other hand, MSCs may be an important source of high IDO levels, and therefore may negatively
affect the antitumor immune response. However, our data should be supported by further studies.
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Oz

Amag: Mezenkimal kok hiicreler (MKH) gii¢lii immiinomodiilator hiicreleridir ve ayrica tiimor mikrogevresinin
bir bilesenidir. Bu ¢alismada meme tiimér hiicre hatlart MDA-MB-231 ve MCF-7’nin immiin evazif molekiiller
olan Indoleamine 2,3-dioxygenase (IDO), Human Leukocyte Antigen G (HLA-G) and Programmed Death-
Ligand 1 (PD-L1) ifadelerine yag dokusu kokenli mezenkimal kok hiicrelerin etkilerini aragtirmay1 amagladik.
Yontemler: Bu amagla MKH, MDA-MB-231 ve MCF-7 hiicrelerini artan dozlarda interferon gama (IFN-g) ile
kiiltire edildi. Bagka bir kiiltiir kabinda MKH’ler ile tiimor hiicreleri trans-well insertler ve ayni IFN-g uyarimi
ile kiltiir edildi. Kiiltiir siiresinin bitiminde HLA-G ve PD-L1 ifadeleri flow-sitmotetri yontemi ile IDO ifadeleri
Luminex yontemi ile analiz edildi.

Bulgular: Diisiik dozlu IFN-g uyariminda (10 ng/mL), MSC'lerin MCF-7 hiicrelerinin HLA-G ve PD-L1
ekspresyonunda 6nemli bir artisa yol agtigini bulduk. Aksine, yiiksek doz IFN-g ile (50 ng/mL) bu ifadelerin her
iki timor hiicresinde de onemli oOlgiide azaldigmi gordikk. Ek olarak, MDA-MB-231 hiicrelerinin IDO
ekspresyonunun MSC'lerin varliginda anlaml sekilde arttigini, ancak MCF-7 hiicrelerinin etkilenmedigi gordiik.
Sonug: Sonug¢ olarak, MDA-MB-231 hiicreleri i¢in MSC'ler, sitotoksik hiicrelerin baskilanmasinda ve T
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Introduction

Mesenchymal stem/stromal cells (MSCs) are adult cells
that are able to differentiate chondrocytes, osteocyte sand
adipocytes [1]. In addition to these regenerative abilities, MSCs
are also strong immunomodulatory cells that show their effects
in a non-selective and non-specific manner [2]. When MSCs
migrate into the inflammatory sites, they start to produce
immunosuppressive molecules, such as prostaglandin E2,
indoleamine 2,3-dioxygenase (IDO), interleukin 10 (IL-10),
transforming growth factor beta (TGF-b), hepatocyte growth
factor, and soluble human leukocyte antigen G (HLA-G). These
molecules affect almost all immune cells [3]. Adaptive immune
cells; i.e., T helper (Th) 1, Th2 and Th17, which are responsible
for the formation of allergies, asthma and autoimmune diseases,
are efficiently suppressed by MSCs whereas regulatory T cells
(Treg), which are involved in self-tolerance development, are
stimulated by MSCs [4]. In presence of MSCs, antigen
presentation functions of dendritic cells are impaired due to their
immature state [5], and the cytotoxic effects of natural killer
(NK) cells are suppressed [6]. With their strong
immunomodulatory effects, MSCs are used in fatal conditions,
such as steroid resistant graft versus host disease or autoimmune
disorders; e.g., systemic lupus erythematosus, Crohn’s disease,
and ulcerative colitis [7].

Breast cancer (BC) is the most common cancer type in
women, and several studies have been performed to investigate
the interactions between MSCs and BC [8-10]. The mutational
loads of tumor cells may lead to wvulnerability to immune
elimination. Most of these mutations are immunogenic and can
easily be detected by cytotoxic lymphocytes (CTLs) [11]. In
addition, tumor cells down-regulate the major histocompatibility
antigen class | expression, which is an inhibitor of NK cells, and
without this inhibition, tumor cells would be destroyed by the
activated NK cells [12]. Despite these anti-tumor immune
responses, tumor cells can still evade the immune system through
the assistance of the microenvironment.

HLA-G it is crucial for fetal tolerance. HLA-G,
expressed from trophoblast cells, inhibits immune cells and
blocks cytotoxic effects of especially NK and CTL cells by
interacting with their receptors; i.e., Killer cell immunoglobulin-
like receptor 2DL4 and immunoglobulin-like transcript 4
[13,14]. In addition, HLA-G expression is only detected in fetal
tissues and almost never found in adult tissues. However, some
immune privileged cells continue to express HLA-G, such as
dendritic cells, MSCs and cornea [13,15,16]. Other cell surface
molecules include cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) and programed death ligand 1 (PD-L1), which are
important in the development of self-tolerance in a healthy
immune system. However, especially PD-L1 is strongly
expressed in some tumor tissues, and interactions with PD-1
results in the suppression of T, NK and dendritic cells [17,18].
PD-1 receptors expressed on various immune cells, such as
CD4/CD8 T, B, dendritic and monocyte/macrophage cells. PD-
1/PD-L1 interactions lead to the strong inhibition of these cells
by the dephosphorylation of proximal signaling molecules and
augmentation of PTEN expression [19]. In addition to surface
molecules, some important inhibitory molecules are secreted,
including IDO, IL-10, and TGF-b. Tryptophan is an essential
amino acid for T cells, and IDO is an enzyme that metabolizes
tryptophan to kynurenine. IDO enzyme activation leads to
relative tryptophan starvation for immune cells, especially T
cells [20]. Kynurenine is the ligand for the aryl hydrocarbon
receptor of immune cells. This receptor-ligand interaction results
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in suppressing effector T lymphocytes, and activating Treg cells
[21]. In most somatic cells, IDO is expressed in response to IFN-
g stimulation, and IDO plays a critical role in the protection of
cells from over-reactive immune cells [22]. MSCs are a
component of the tumor microenvironment and can contribute to
the immune evasion of tumor cells or increase the metastasis rate
by accelerating the epithelial-to-mesenchymal transition [9].

Adipose tissue is a good source for MSCs and is the
main component of breast tissue. In this respect, breast tumors
constitute a valuable model to demonstrate the interactions
between BC and MSCs derived from adipose tissue.

In this study, we aimed to investigate the alterations in
immune evasive molecules, namely IDO, HLA-G, and PD-L1 of
MSCs, invasive BC cells (MDA-MB-231) and non-invasive BC
cells (MCF-7) in certain inflammatory conditions by performing
in vitro co-culture experiments.

Material and methods

Cell culture

Two commonly used breast cancer cell lines, MDA-
MB-231 (ATCC® HTB-26™) and MCF-7 (ATCC® HTB-
22™) and MSCs derived from human adipose tissue were
purchased from the American Type Culture Collection (ATCC).
MDA-MB-231 cells were selected as invasive cells and MCF
cells for their non-invasive nature. To culture MDA-MB-231
cells and MSCs, 10% fetal bovine serum (FBS) (Biosera, USA,
Cat#FB-1001), 1% penicillin/streptomycin (Biosera, USA,
Cat#tXC-A4122), and 1% L-glutamine (Biosera, USA, Cat#XC-
T1715) containing the DMEM-F12 medium (Biosera, USA,
Cat#LM-D1225) were used. MCF-7 cells were cultured using
10% FBS, 1% penicillin/streptomycin, and 1% L-glutamine
containing the RPMI-1640 medium (Biosera, USA, Cat#LM-
R1638). All cells were cultured at 37 °C in a 5% CO2 incubator
for passage three, and the cell culture media were renewed every
two days with fresh media (Figure 1).

Figure 1: The microscopic images of human adipose tissederived
mesenchymal stem cells (a), breast tumor cells MCF-7 (b), and MDA-
MB-231 (c).

To mimic the inflammatory condition, 1x105 cells of
MDA-MB-231, MCF-7 and MSCs were separately cultured in
24-well plates with or without 10 ng/ml and 50 ng/ml human
recombinant IFN-g (Reprokine Ltd, Israel Cat# RKP01579) for
24 hours. In another plate, tumor cells were cultured with MSCs
in 0.4 pm pore-sized transwell inserts (Corning, USA, Cat#
CLS3378) using the same IFN-g stimulation to evaluate the
effects of MSCs.

FACS and Luminex analyses

After the incubation period, conditioned medium
supernatants were collected for the detection of IDO levels. All
cells were detached using a trypsin-EDTA (Biosera, USA,
Cat#LLM-T1705) solution and collected into individual tubes for
flow cytometric analyses. To observe the alterations in the
immune suppressor and co-inhibitory molecules, HLA-G (Clone:
MEM-G/11; Exbio, Czech Republic) was stained with
fluorescein isothiocyanate (FITC)-labeled monoclonal antibodies
and PD-L1 (Clone: 29E.2A3; Exbio, Czech Republic) was
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stained with phycoerythrin (PE)-labeled monoclonal antibodies.
Isotype negative 1gG1l FITC (Clone: B-Z1, Diaclone, France)
and 1gG2a PE (Clone: B-Z2, Diaclone, France) controls were
used to eliminate non-specific binding. The IDO levels were
measured using an IDO Human ProcartaPlex™ Simplex
Luminex kit (Invitrogen, USA Cat# EPX01A-12213-901).

All FACS measurements were performed by a BD
Accuri C6 device, and the analyses were undertaken using
FlowJo v.10 software (BD Biosciences, USA). After choosing
the appropriate cell population, the mean fluorescent intensity
(MFI1) values were calculated to evaluate the changes in the
expression of HLA-G and PD-L1. The IDO levels were detected
using a Luminex 200TM (Luminex Corp., USA) device, and the
data were analyzed by xPonent v.3.1 software (Luminex Corp.,
USA). All experiments were performed in triplicate, and the
detected values are summarized in Table-1.

Table 1: The results of the HLA-G, PD-L1 and IDO analyses of all
experimental groups.

Unstimulated IFN-g (10 IFN-g (50
ng/ml) ng/ml)
HLA-G (MFI)
MDA-MB-31 1283.7 +32.3 1145+42.0 1220.3 £25.8
MSC Co-culture 1355 +50.1 1083.66 + 28.1 10653 £11.0
MCF-7 2533.3+165.0 2486 +104.1 2638.7 £ 63.0
MSC Co-culture 3106.3 £82.7 34793 £109.3 2678.3+102.8
PD-L1 (MFI)
MDA-MB-231 173.7+8.5 167.33+£6.8 187.3+£5.0
MSC Co-culture 161.3+£6.5 140.33 + 4.5 171.7+3.5
MCF-7 181.7+6.5 208.00 = 13.0 2553 +12.1
MSC Co-culture 183.7+8.1 310.33 £ 19.6 171.7+7.6
IDO (pg/ml)
MDA-MB-231 0.01+£0.0 0.01£0.0 0.03+£0.02
MSC Co-culture 0.023 £ 0.015 0.046 +0.030 1.74+0.24
MCF-7 0.05+0.03 0.07 £0.02 0.09 +£0.05
MSC Co-culture 0.03+0.01 0.09 +0.045 0.13+0.05

MFI: Median fluorescent intensity

Statistical analysis

GraphPad Prism software v.6 was used for the statistical
analyses of the data sets. Descriptive analysis was performed to
determine whether the groups were homogeneous. According to
the Shapiro-Wilk normality test, the groups with a p of > 0.05 or
above were considered to be homogeneously distributed. The
data were analyzed using the one-way analysis of variance
method, and the results were considered significant when at p <
0.05.

Results

The comparative HLA-G and PD-L1 histogram graphs
of the FACS analysis of the experimental groups are shown in
Figure-2, and the comparison graphs of HLA-G, PD-L1 MFI
values and IDO Luminex results are given in Figure-3. The
HLA-G MFI values of MCF-7 cells significantly increased in the
unstimulated (US) MSC and IFNg-10/MSC co-culture groups
compared to the US and IFNg-10 groups (p=0.0004 and
p<0.0001 respectively). However, there was no difference
between the IFNg-50 and IFNg-50/MSC co-culture groups (p =
0,9972). In addition, the HLA-G MFI values of the IFNg-
10/MSC co-culture group was significantly higher than the
remaining groups. Among MDA-MB-231 cells, the highest
HLA-G MFI value was detected in the US-MSC co-culture
group. On the other hand, as a response to 10 ng/ml IFN-g
stimulation, the HLA-G expression of MDA-MB-231 cells was

significantly decreased compared with the US groups

(p=0.0032), but not in the IFNg-50 group. These decreases were
more significant in the IFNg-10/MSC and IFNg-50/MSC co-
culture groups (p<0.0001 and p<0.0001, respectively) (Figure 2
and Figure 3).
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Figure 2: The histogram charts of HLA-G and PD-L1 flow cytometry
analyses of MCF-7 and MDA-MB-231 cells with and without MSCs in
different IFN-g stimulations.

We found no significant change in the PD-L1 MFI
values of the US MCF-7 and US MCF-7/MSC groups. However,
there was a significant increase in the IFN-10 group compared to
IFN-10/MSC group (p < 0.0001). Interestingly, this increase was
reversed for the IFNg-50 and IFNg-50/MSC groups, and the PD-
L1 expression of MCF-7 cells was significantly decreased in the
presence of MSCs (p < 0.0001) (Figure-2 and Figure-3). We
detected that the PD-L1 expression of MDA-MB-231 cells was
consistently reduced in the presence of MSCs. However, the
difference was only significant between the IFNg-10 and IFNg-
10/MSC groups (p < 0.0001).

We detected that the IDO expression of MCF-7 and
MDA-MB-231 tumor cells were not affected by IFN-g
stimulation. However, in the presence of MSCs, the IDO
expression of MDA-MB-231 cells was significantly increased in
response to 50 ng/ml IFN-g stimulation in contrast to the
remaining groups (p < 0.0001 for all groups).

Discussion

In this study, we stimulated breast tumor cell lines,
MDA-MB-231 and MCF-7, with increased doses of IFN-g to
mimic the inflammatory environment. We found that the HLA-G
and PD-L1 expression of MDA-MB-231 and MCF-7 cells
differed and was altered by the presence of MSCs. In addition,
we observed that the IDO expression of breast tumor cells did
not change after IFN-g stimulation; however; it significantly
increased in the presence of MSCs.

There are numerous studies in the current literature
about the relationship between HLA-G and tumor progression.
Most have been performed using immunohistochemical methods
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and have reported a strong correlation between increased HLA-G
expression and poor tumor prognosis [15,23]. In BC, HLA-G is
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Figure 3: The comparison charts of the HLA-G, PD-L1 and IDO
expressions of MDA-MB-231 and MCF-7 cells with and without MSCs
in different IFN-g stimulations. The data are presented as mean £
standard deviation (SD) (* statistically significant; p < 0.05).

also associated with poor prognosis, and some researchers
determined that HLA-G might be increased in a subset of tumor
cells called cancer stem cells [24,25]. Based on the literature
data, we investigated the HLA-G expression status of IFN-g-
stimulated invasive breast tumor cells; i.e., MDA-MB-231 and
non-invasive MCF-7 cells and explored how MSCs affected this
status. There are a very low number of reports on the HLA-G
expression of these cell lines. Elliott et al. showed that MDA-
MB-231 and MCF-7 cells were be expressed by the mRNA of
HLA-G in contrast to healthy breast tissue [26]. Our experiments
confirmed that MDA-MB-231 cells had HLA-G expression, and
this basal expression significantly decreased through IFN-g
stimulation. In addition, we observed that this inhibition was
stronger when IFN-g and MSCs were combined (Figure 2 and 3).
According to our data, the HLA-G expression of MDA-MB-231
cells was significantly suppressed by IFN-g stimulation, which
was potentiated by the presence of MSCs. The other breast tumor
cell line MCF-7 is considered as non-invasive and has been
shown to also express HLA-G [24,27]. In our experiments, we
found that the HLA-G expression of MCF-7 cells did not change
after IFN-g stimulation in a dose-dependent manner. However,
we observed a significant increase in the HLA-G expression of
the US-MCF and IFNg-10/MSC groups caused by MSCs.
Interestingly, the MSC-induced HLA-G increase was not present

in the IFN-g-50 group. According to our findings, MSCs seem to
be an important factor for HLA-G expression in the basal and
low-density inflammation of MFC-7 cells. However, this
positive effect may be lost in high-intensity inflammation
(Figure-2 and 3). In this study, we were not able to perform a
cytotoxicity assay, but the possibility of occurrence of cell death
due to high IFN-g stimulation applied should be considered.

Another important immune evasive molecule of tumor
cells is PD-L1, which is expressed in many tumor types,
including breast tumor cells. There are many studies on the
expression of PD-L1 in breast tumor cells, particularly in MDA-
MB-231 and MCF-7 cells [28,29]. It was shown that IFN-g with
pleiotropic effects increased the levels of immunosuppressive
molecules, IDO, PD-L1 and CTLA-4, thereby limiting T cell
functions [30,31]. In our study, we observed that both MDA-
MB-231 and MCF-7 cells expressed PD-L1, and this expression
significantly increased after 50 ng/ml IFN-g stimulation, but not
after 10 ng/ml IFN-g. We consider that this finding may be due
to the pleiotropic effect of IFN-g. The PD-L1 expression of
MDA-MB-231 cells may have been significantly reduced in the
presence of MSCs, and this decrease may not have been related
to IFN-g stimulation. As a result, the interaction between MSCs
and MDA-MB-231 cells in response to IFN-g stimulation, may
result in more efficient suppression of both HLA-G and PD-L1
expression. Similar to HLA-G expression, the PD-L1 expression
of MCF-7 cells significantly increased in the IFNg-10/MSC co-
culture group and significantly decreased in the IFNg-50/MSC
co-culture group. This finding suggests that IFN-g levels may be
a critical factor in the interaction between MCF-7 and MSCs
(Figure 2).

In many studies, tumor cells have also been shown to
express IDO. However, the main sources of IDO in tumor tissue
are tumor microenvironment cells, such as tumor-associated
macrophages, cancer-associated fibroblasts, myeloid-derived
suppressor cells, and MSCs [32,33]. It has been reported that the
expression of IDO in breast tumor tissues are correlated with
advanced tumor stage and poor prognosis [34]. In addition, the
IDO mRNA expression has been detected in breast tumor cells
lines, MDA-MB-231 and MCF-7 [35]. In this study, we
investigate the contribution of MSCs to the IDO expression of
tumor cells and found that the basal IDO expression of both
MDA-MB-231 and MCF-7 cells was not affected by increased
levels of IFN-g stimulation. However, we also determined that
the IDO levels of the IFNg-50/MSC group were significantly
higher in MDA-MB-231 cells than the remaining groups. The
IDO expression of MCF-7 cells was unchanged in the presence
of MSCs. This finding indicates that when the MSCs interacting
with MDA-MB-231 cells, MSCs may be the main source of IDO
expression.

In conclusion, the responses of two different breast
tumor cells for the molecules investigated greatly differed. We
found that MSCs interacting with MCF-7 cells significantly
increased the HLA-G and PDL-1 expression in the presence of
low IFN-g stimulation, but high IFN-g stimulation reversed this
effect. The interaction of MDA-MB-231 cells with MSCs
resulted in a significant reduction in the HLA-G and PD-L1
expression. In MDA-MB-231 cells, MSCs play a protective role
because they reduce the expression of HLA-G and PD-L1 that
are involved in the suppression of cytotoxic cells and exhaustion
of T cells. However, MSCs may be an important source of
increased IDO levels, and therefore may suppress the anti-tumor
immune response. The data of our study were obtained only from
the interactions of tumor cells and MSCs. In order to confirm our
data and provide a better understanding of the contribution of
MSCs to tumor immune evasion, further studies including
immune cells are needed.
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