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ABSTRACT Membrane-bound HLA-G (mHLA-G) discovery on adipose derived stem
cells (ADSCs) as a tolerogenic and immunosuppressive molecule was very important.
Many documents have shown that HLA-G expression can be controlled via some
hormones such as progesterone (P4) and estradiol (E2). Therefore, this study was
designed to evaluate progesterone and estradiol effects on mHLA-G in ADSCs
at restricted and combination concentrations. Three independent cell lines were
cultured in complete free phenol red DMEM and subcultured to achieve sufficient
cells. These cells were treated with P4, E2 and P4 plus E2 at physiologic and
pregnancy concentrations for 3 days in cell culture conditions. The HLA-G positive
ADSCs was measured via monoclonal anti HLA-G-FITC/ MEMG-09 by means of flow
cytometry in nine groups. Data were analyzed by one way ANOVA and Tukey’s post
hoc tests. There were no significant values of the mean percentage of HLA-G positive
cells in E2-treated and the combination of P4 plus E,-treated ADSCs compared to
control cells (p value>0.05) but P4 had a significant increase on mHLA-G in ADSCs (p
value<0.05). High P4 concentration increased mHLA-G but E2 and the combination
of P4 plus E2 could not change mHLA-G on ADSCs.

INTRODUCTION

In the last decade, adult mesenchymal stem cells (MSCs) have
produced a lot of intentions for the therapeutic purposes in
different fields [1,2]. MSCs can be driven from many sources.
Adipose derived stem cells (ADSCs) -one type of MSCs- can
be obtained from healthy donor liposuction easily and they
have low antigenicity and tri-lineage differentiation capacity
which can be considered as candidates in tissue engineering,
treatment of autoimmune and degenerative diseases as well
as in reconstructive transplantation [3]. Nowadays, numerous
researches have focused on intrinsic inhibitory properties of
ADSCs. Immunosuppressive effect of ADSCs is comparing
with bone marrow mesenchymal stem cells to participate in cell
therapies [4]. Immunosuppressive effects of ADSCs are mediated

by several factors (e.g. Prostaglandin E2 (PGE2), Indolamine
2, 3-dioxygenase enzyme (IDO), HLA-G (Human leukocyte
antigen-G) and so on [5,6].

Indeed, HLA-G discovery as a tolerogenic molecule in ADSCs
with endocrine and paracrine effects would be a therapeutic
goal to improve autoimmune diseases, accept solid allografts and
treat spontaneous recurrent abortions [5]. HLA-G has two forms:
soluble and membrane-bound with the same immunomodulatory
effects in environment [7]. Overall, membrane-bound
HLA-G (mHLA-G) directs inhibitory mechanism through
interaction with three well-known inhibitory receptors: ILT2
(Immunoglobulin-Like Transcript), ILT4 and KIR2DL4 (Killer
Cell Immunoglobulin-Like Receptor) on monocyte, MQ
(macrophage), B, T and NK (Natural Killer) cells and so suppress
antigen-specific TCD8 and NK cytotoxic activity. Also, HLA-G
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can induce regulatory T cells and TH2 cytokine profiles. HLA-G
gene encompasses regulatory sites in 3' UTR and 5' UTR. Many
of cytokines, hormones and drugs impress on 5 UTR site. P4 can
bind to PRE (Progesterone Response Element) site in the HLA-G
promoter between positions —52 and —-38 where overlaps the
HLA-G TATA box and induce HLA-G expression [7-9] whereas
miR-148a, miR-148b and miR-152 can down-regulate HLA-G
expression by binding to the 3' UTR HLA-G mRNA [10-13].

Progesterone (P4) and estradiol (E2), as two essential hormones
in pregnancy, play vital roles in decidual and placenta growth as
well as fetus and maternal protection. In course of pregnancy,
high values of P4 and E2 in maternal blood may enhance HLA-G
expression from subpopulation including decidual trophoblast
cells, amnion epitheliums, decidual stem cells and etc. ADSCs
may be a probable supplement for soluble HLA-G detected in
maternal blood. Soluble HLA-G is released by shedding mHLA-G
into blood which participates in restraining uNKs (uterine
Natural killer), TCD8, MQ and B cells to guard fetus as semi-
allograft tissue of invasive cells [14].

Progesterone can enhance immunomodulatory ability via
up-regulation PGE2 and IL-6 [15]. Estradiol stimulates MSCs
proliferation via HIF-1o, (Hypoxia-Inducible Factor) activation
and VEGF (Vascular Endothelial Growth Factor) expression [16]
and enhances ADSCs efficacy in remyelination in mouse model
of sclerosis [17].

It has been proved that P4 increases HLA-G expression but
little is known about the E2 effect on mHLA-G in ADSCs.
Also, recent documents have shown that estradiol can increase
progesterone receptors (PgR) and estrogen receptors (ER) on
some cells [18,19]. Therefore, we proposed that the combination
of P4 plus E2 may induce a more effect in HLA-G excitation. So,
this study was programmed to evaluate E2 and P4 effects only
and synergistic effects of E2 and P4 on mHLA-G levels in ADSCs
in vitro.

METHODS
Cell culture

All experiments were repeated with three independent
ADSCs cell lines. The cryovials containing frozen ADSCs were
kindly dedicated by Anatomical Science and Molecular Biology
Department, Isfahan University of Medical Science. These
cells had been confirmed in previous study so that, they were
characterized for positive markers: CD105, CD90, CD44 and
negative markers: CD14, CD45 by flow cytometery method [20].

ADSCs were cultured in 75 cm’flasks in complete free phenol
red low glucose DMEM (Dulbecco's Modified Eagle Medium)
medium (Sigma) supplemented with 10% fetal bovine serum (FBS)
(Gibco) and 1% penicillin/streptomycin (Roche) and incubated
under conditions 5% CO,, 95% humidity and at 37°C temperature.
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Approximately, every three days, cell culture medium was
changed. After one week, these cells reached to more than 80%
conflueny and then were detached by 0.05% trypsin (Sigma) and
0.5 mM EDTA within 7 min, at 37°C and again subcultured for
more passages.

Treatment with P4, E2 and P4 plus E2

The cells were trypsinized, washed in Phosphate-Buffer
Saline (PBS), pH 7.4 at 1500 rpm for 7 min then, counted by
hemocytometer. The concentrations of 107 M, 10° M E2 and
the concentrations of 1x10~ M, 3x10™° M P4 as well as the
combination of E2:10” M+P4:1x10™° M, E2:107 M+P4:3x10” M,
E2:10”° M+P4:1x10° M and E2:10° M+P4:3x10"° M were prepared
in finally 1 ml complete free phenol red DMEM. 10°cells seeded
in each well of 24-well plates. Then complete DMEM containing
P4, E2 and the combinations of P4 plus E2 were separately infused
into wells. Each of the concentrations were repeated in triplication
and considered as treated groups. Additionally, some of the
wells were just feed with 1ml complete DMEM without drugs as
untreated cells (control group). These plates were kept for 3 days
in cell culture incubator.

Flow cytometry analysis

After this period, the cells were swept from the bottom of the
wells by trypsin and washed in PBS. Treated cells and control cells
were suspended in 1 ml PBS and then, 1 pL of monoclonal anti
HLA-G-FITC/MEMG-09 (Exbio) were added into tubes. These
tubes were incubated for 30 min in the dark and at 4°C. Also,
isotypic control cell was prepared by adding 1 uL. mouse IgG1
isotype control-FITC (Exbio) to untreated cell suspension in 1 ml
PBS to confirm the specificity of primary antibody binding. After
twice washing by wash solution, ADSCs were ready for analyzing
at FACS Calibour flow cytometer (BD) and 10000 events were
counted and then the gating of wanted cell population eliminated
dead cells and debris. In the next step, the fluorescence intensity
of gated cells was analyzed by Cell Quest Software program.

Statistical analysis

The percentage of HLA-G positive cells were expressed as
mean+SEM. Statistical analysis was performed by one way
analysis of variances (ANOVA) and Tukey’s post hoc test
using SPSS for windows version 11.5. p<0.05 considered to be
statistically significant.

RESULTS

Isotype control antibody had no specificity for target cells
(Fig. 1A) and the mean percentage of HLA-G positive ADSCs in
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control group was 8.2+2% (Fig. 1B).

Interaction between P4 and mHLA-G

The mean percentage of ADSCs with HLA-G expression in the
vicinity of P4 increased from 12+2.2% at low P4 concentration
(p>0.05) up to 23.1£3% at high P4 concentration (***p<0.05)
compare to control group (Fig. 2).

Interaction between E2 and mHLA-G

The mean percentage of HLA-G positive cells treated with 10~
M and 10”7 M E2 were found 8.7+2.2% and 8.8+1.9% respectively
and had no significant increase compare to control group (p>0.05)
(Fig. 3).

L (B)

Fig. 1. Flow cytometry dot plot of HLA-G positive ADSCs in the
absence of progesterone and estradiol. (A) Isotype control. (B)
Control group. Shown percentages are the mean values of three
independent experiments.
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Fig. 2. Flow cytometry dot plot of HLA-G positive ADSCs in the
presence of progesterone. (A) 1x10° M P4, (B) 3x10™° M P4. (C)
Statistical analysis of the percentage of HLA-G positive P4-treated cells
compared to control cell. Shown percentages are the mean values
of three independent experiments. **¥*<0.001; ns, not significant; c,
control cell.
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Interaction between P4 plus E2 combination and
mHLA-G

Flow cytometry graphs and statistical analysis of P4 plus E2-
treated ADSCs are summarized in Fig. 4A~D, E. We expected
that the P4 plus E2 combinations could induce a more increase in
the HLA-G positive cells in comparison with P4-treated cells as
control group but there were no significant increase in the mean
percentage HLA-G positive cells (p>0.05).

Obtained percentages of all three cell lines before and
after treatment with P4, E2 and P4 plus E2 concentration are
summarized in Table 1.

DISCUSSION

To our knowledge, P4 is a lipid soluble hormone which can
easily pass across membrane cell and its effects are mediated
through PgR in the cytoplasm then receptors dimerization take
place and these complexes enter to the nucleus and bind to PRE
region in promoter target genes [21].

For the first time, Yei et al. showed that progesterone can
enhance HLA-G gene expression in human cytotrophoblasts and
JEG-3 cells (human placenta choriocarcinoma cell line). Also they
verified that HLA-G molecule increased via western blot method
[22].

One year later, Nasef et al. reported that approximately
13.7+1.3% of cultured BM-MSCs after 72h were HLA-G positive
cells by using mHLA-G staining [23]. In the present study, we
found 8.2+2% of untreated ADSCs were HLA-G positive. This
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Fig. 3. Flow cytometry dot plot of HLA-G positive ADSCs in the
presence of estradiol. (A) 1x10° M E2, (B) 1x10” M E2. (C) Statistical
analysis of the percentage of HLA-G positive E2-treated cells compared
to control cell. Shown percentages are the mean values of three
independent experiments (p>0.05). ns, not significant; ¢, control cell.
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document shows that the percentage of HLA-G positive ADSCs
may be lower than BM-MSCs.

Blanco et al. observed that 14% of DSC (Desidoal stromal cells)
cultured in opti-DMEM expressed HLA-G antigen. The intensity
of HLA-G expression among the different DCS lines varied
from 2 to 20%. In the second part, the effect of progesterone plus
cAMP was quantified on extracellular HLA-G and mHLA-G
increased up 47% within 15 days [24]. In our experiment, the
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Fig. 4. Flow cytometry dot plot of HLA-G positive ADSCs in the
presence of P4 plus E2. Panels (A) E2: 107 M+P4:1x10° M, (B) E2: 10”7
M+P4:3x107° M, (C) E2:10”° M+P4:1x10™ M, (D) E2:10”° M+ P4:3x10°°
M. (E) Statistical analysis of the percentage of HLA-G positive P4 plus
E2-treated cells compared to P4-treated cells as control group. Shown
percentages are the mean values of three independent experiments
(p>0.05). ns, not significant. C1: 1x10™° M P4, C2: 3x107° M P4.

range of HLA-G positive untreated cells varied from 5 to 12% and
the P4-treated cells increased up 23% within 3 days.

In a study by Sheshgiri, smooth muscles and epithelial cells in
culture medium did not express HLA-G molecule at baseline but
it was induced after incubation with high dose of progesterone
(1000 ng/ml) for 24 hr [25].

Ivanova-Todorova et al. reported that the percentage of HLA-G
positive cells in cultured BM-MSCs, ADSCs and DSCs with 30
uM PgAC (Medroxy progesterone-17-acetate) after 72 h were
10.2, 11.4 and 5.3% respectively. In addition to flow cytometry,
they confirmed their results by immunocytochemistry and
western blot method. In mentioned study, higher amounts of
ADSCs expressed extracellular HLA-G than BM-MSC [26]. On
the other hand, cell culture conditions, incubation time and dose
of drug in our experiment were similar to Ivanova but, 23% of
ADSCs relieved HLA-G antigen after treatment with P4. It is
probable due to exposure to pure P4. Still, the precise mechanism
remains to be clarified.

E2 mechanism on HLA-G expression can be direct and
indirect. Yun et al. have been mentioned that E2 can induce HIF-
lo factor [16]. Hypoxia is an important factor which can involve
in induction of HLA-G transcription via HIF-1a, [27]. A hypoxia
response element (HRE) site is located on promoter HLA-G
between the -242 and -238 positions [7,8]. However, HRE
function has not been found but it might mediate the induction of
HLA-G expression via HIF-1o to HRE site binding,

In a study by He et al. estradiol/progesterone effects were
examined on MCF-7 cells and at low concentrations of E2: 10, 100
ng/ml, MCF-7 cells did not submit significant value of HLA-G
but at high dose of E2: 1000 ng/ml on MCF-7, these cells proposed
HLA-G protein significantly. HLA-G expression on treated MCF-
7 with P4 at 0.1 ug/ml was not significant but at 1, 10 ug/ml P4
was significant [28]. These results at P4 concentrations as well as
low concentration of E2 had harmony with our results but we did
not measure HLA-G positive cells at higher concentration of E2
because we mimicked of E2 concentration in pregnancy.

Tao et al. (2014) reported that 107 M E2 in MCF-7 cells can
down-regulate miR-148a expression which is a HLA-G inhibitor
and in resulting HLA-G can increase [29]. In our experiment,
we did not detect significant values of HLA-G positive ADSCs
in 107 M E2 compared to control group. Maybe; it was related

Table 1. The mean percentage of HLA-G positive ADSCs before and after treatment with progesterone (P4), estradiol (E2) and P4 plus E2

P4

E2 Concentrations .
Concentrations

Combinations of P4 plus E2 Concentrations

Number ; ; - - Control
9 _, s s P4:1x10" P4:3x10" P4:1x10™ P4:3x10™
10°M 107 M IA0TM - 3x10°M - 07 M E2107 M E210°M E2:10° M
Sample 1 5.3 6.1 8.7 21.3 12.1 20.2 7.4 19.5 5.1
Sample 2 7.8 7.8 11.1 19.1 13.4 21.4 11 20.2 7.7
Sample 3 13.1 12.5 16.4 29.1 15.2 22.8 15.5 22 12
Mean+SE  8.7+2.2 8.8+1.9 12422 23.143 13.5+0.83 21.4+0.86 11.3+2 20.5+0.76  8.2+2
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to different types of the cells in two tests. Yet, more studies are
required to support this hypothesis.

In the other hand, Ing et al. have proved that 50 pg/ml (~20x10°°
M) E2 coordinately induces an increase in the number of PgR
and ER and enhances the capacity of progesterone in some
cells such as oviduct but it may be absent in some organs such
as spleen or lung [18,19]. We could not detect significant value
of HLA-G positive cells in this blend maybe, it be related to E2
concentrations used in our study because E2 concentrations were
10~ and 10”7 M in our study. Therefore, P4 plus E2 complex did
not affect on increasing HLA-G.

In final, it should be pointed out that progesterone and estradiol
regulatory effect in the HLA-G expression are dose-dependent.
So, it is being seen that progesterone has more strength effect than
estradiol in the same culture conditions. Probably, the range of E2
concentration was low or incubation time was short for gaining
better result; though ample evidences are required to confirm this
hypothesis.
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