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Abstract

Background: The ideal stem cell for use in functional tissue engineering needs to be abundantly
available, harvested with minimal morbidity, differentiated reliably down various pathways and able
to be transplanted safely and efficaciously. Adult human adipose tissue contains a population of
mesenchymal stem cells; adipose-derived stem cells, which seem to fulfil most, if not all, of these
criteria. In this work, we investigated the immunogenicity properties of human adipose-derived
mesenchymal stem cells (HAMSCSs) and their effect on monocytes differentiation.

Materials and methods: The HAMSCs have been isolated and specified. Human peripheral blood
mononuclear cells (PBMCs) were isolated and passed through a column with magnetic beads coated
with anti-CD14 antibody. CD14+ ve cells were isolated and cultured independently or co-cultured
with HAMSC:s in the presence of cytokines (IL-4, Granulocyte-macrophage colony-stimulating factor
(GM-CSF)) to induce their differentiation into dendritic cells (DCs). Their further maturation was
induced by LPS added on the 6™ day of culture.

Results: The major part of the independently cultured cells (CD14+ ve) was found to express the
markers which are considered to be specific for the mature dendritic cells such as Human leukocyte
antigen-DR (HLA-DR) (40.44 %) and low percentage of cells (6.9 %). Nevertheless dendritic cells of
monocyte origin (mDCs) co-cultured with HAMSCs showed significant shifts in the pattern of
surface markers. The percentage of HLA-DR cells was much lower (6.44%) compared to control
cultures (p < 0.001). Similarly, the secretion of IL-10 by DCs was up-regulated in co-cultures of
HAMSCs and DCs.

Conclusion: The results show that human adipose-tissue mesenchymal stem cells (HAMSCs) could
inhibit the differentiation of the blood monocytes into dendritic cells.

Keywords: Human adipose tissue; mesenchymal stem cells; Monocyte differentiation; Allogeneic
transplantation.

Introduction

Mesenchymal stem cells (MSCs) are differences can be detected when studying
pluripotent cells that can be found in several MSCs isolated from different sources.
adult and fetal tissues. Human mesenchymal Although embryonic stem cells seem to exhibit
stem cells (MSCs) have the capacity to unlimited differentiation potential both in vitro
differentiate into a variety of tissues including and in vivo, they are subject to significant
bone, cartilage, stroma, fat, muscle, and ethical, legal and political concerns and are not
tendon. The major properties of MSCs are generally available in current medical practice
based on their plasticity, self-renewal and or research. Stem cells from adult tissue, on the
differentiation capacity. These characteristic other hand, suffer from few such restrictions.
features define MSCs as a very promising Multipotent stem cells can be isolated from
means for the purposes of regenerative various mesenchymal tissue sources in adults,
medicine.!  Mesenchymal stem cells are most commonly bone marrow. The harvest of
morphologically symmetrical fibroblastoid bone marrow stem cells (BMSCs) has practical
type cells. They express CD44, CD29, CD105, constraints. These include pain at the harvest
CD73, and CD166 and lack markers that are site, and harvest of only a small volume of
consistent with  hematopoietic cells, in bone marrow (and therefore a small number of
particular CD45 and CD34."? stem cells),® Umbilical cord blood (UCB)
Adult mesenchymal stem cells have been from the placenta of infants also contains
isolated from various adult tissues or peripheral mesenchymal stem cells. The use of UCB has
blood. It has been reported that significant been limited by the practical difficulties in
obtaining and isolating the mesenchymal stem
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cells at the time of birth and ensuring adequate
long-term storage for autologous use, and the
fact that their differentiation potential seems to
be lower than that of BMSC. ¥

Adipose tissue represents an alternative source
of stem cells. Subcutaneous adipose depots are
accessible, abundant, and replenishable,
thereby providing a potential adult stem cell
reservoir for each individual. Many groups
working independently have shown that adult
stem cells derived from white adipose tissues
can differentiate along multiple pathways
invitro including the adipocyte, chondrocyte,
endothelial, epithelial, hematopoietic support,
hepatocyte, neuronal, myogenic, and osteoblast
lineages."

Recently extensive research efforts have been
concentrated on the ability of the MSCs to
modulate the immune response. It has been
reported that MSCs can suppress the
proliferation of T cells in vitro. The
mechanisms underlying the suppressive effects
seem to be quite various including induction of
cell division arrest causing anergy.

One of the mechanisms of the
immunosuppression exerted by the MSCs has
been shown to be the influence on the
differentiation and maturation of the dendritic
cells (mDCs) from monocyte origin. "

The dendritic cells are the most potent antigen-
presenting cells and parallel to that possess
quite powerful immunoregulatory activities.
These  mDCs originate from the blood
monocytes then differentiate passing through
the stage of immature dendritic cells and their
later maturation to functional maturation stage.
Every differentiation and/or maturation stage
can be strictly identified by the expression of
surface markers (CD14, CD80, CD86, CD83,
HLA-DR) analyzed through
immunophenotyping. ©0

The present work aims in one hand to isolate
the mesenchymal stem cells from human
adipose tissue and studied their differentiation
ability to osteocytes and on the other hand to
study in vitro some immunological properties
of human adipose-derived mesenchymal stem
cells (HAMSCs) to assess their suitability for
allogeneic transplantation.

Materials and Methods

Isolation and expansion of HAMSCs
Samples of human adipose tissue were
collected during surgery from 3 donors (40-60
years old) after an informed signed consent and
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according to the requirements of the Mansoura
University Hospital, Mansoura, Egypt. Wither
of 2 h the samples were delivered in the
laboratory and processed.

Human adipose-derived stem cells (HAMSCs)
were isolated according to method performed
by Kern et al. "2 The lipoaspirate (50-100 ml)
was washed intensely with phosphate buffer
saline (PBS). Thereafter the lipoaspirates were
digested with an equal volume of 0.075%
collagenase type | (Sigma-Aldrich, USA) for
30-60 minutes at 37°C with gentle agitation.
The activity of the collagenase was neutralized
with Dulbecco's Modified Eagle Medium-low
glucose (DMEM-Ig) containing 10% fetal calf
serum (FCS). To obtain the high-density
stromal vascular fraction (SVF) pellet, the
digested lipoaspirate was centrifuged at 1200 g
(gravitational acceleration) for 10 minutes. The
pellet was resuspended in DMEM-Ig
containing 10% mesenchymal stem cell growth
medium (MSCGM) and filtered through a 100
pum nylon cell strainer (Falcon). The filtered
cells were centrifuged at 1200 g for 10
minutes. The resuspended SVF cells were
plated at a density of 1 x 10%cm? into T75 or
T175 culture flasks. Nonadherent cells were
removed wither 12-18 hours after initial
plating by intensely washing the plates. The
resulting adipose tissue-derived fibroblastoid
adherent cells (AT-FACs) were cultivated at
37°C at a humidified atmosphere containing
5% CO2. The expansion medium consisted of
Dulbecco's modified Eagle's medium-low
glucose  (DMEM-lg)  containing  10%
mesenchymal stem cell growth supplements
(MSCGS) (Cambrex,
http://www.cambrex.com).  Adipose tissue-
derived fibroblastoid adherent cells were
maintained in DMEM-Ig + 10% MSCGS until
they reached 70% to 90% confluency. Cells
were harvested at subconfluence using Trypsin
(PromoCell, Heidelberg, Germany,
http://www.PromoCell.com). Cells at the
second passage and thereafter were replated at
a mean density of 3.1 x 10%cm® The cell
cultures were expanded for 2-8 passages, with
the medium being changed every 4days.

Flow cytometry

For  immunophenotypic  characterization
HAMSCs at 3rd passage, were trypsinized
(0.05% trypsin/1.0mM EDTA at 37°C for
3min), harvested, washed once with and
resuspended in PBS. Cells (1x10° per sample)
were treated at room temperature for 30min
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with the isotype control monoclonal antibodies
(mAbs) and with the following specific anti-
human antibodies: anti-CD90-PE, -CD29-PE, -
CD34-FITC, -CD105-PE, -CD14-PE, -CD13-
PE (Becton Dickinson, USA). After washing
twice in PBS, the cells were fixed in fix
solution  (Becton Dickinson, USA) as
recommended by the manufacturer. The
specific fluorescent labeling was analyzed by

FACS Calibur flow cytometer (Becton
Dickinson, USA) wusing the Cell Quest
software.

Osteogenic Differentiation

Human adipose tissue-derived MSCs from the
3" to 5™ passages were used at concentration
1x10* cells/well as a control. The cells were
cultured in 24-well flat-bottom plates (Orange
Scientific, Belgium) in a total volume of 1 ml
in complete culture medium (DMEM- LG)
supplemented with 10% FCS per well.

To promote osteogenic differentiation, cells
(4th passage) were replated at a density of
1x10* cells/cm? into 24-well plates in triplicate
and were cultured in DMEM- LG
supplemented with 10% FCS, 100 nM (40
ng/ml) dexamethasone (Sigma-Aldrich), 0.2
mM  ascorbic  acid-2-phosphate  (Sigma-
Aldrich) and 10 mM pB-glycerophosphate
(Sigma-Aldrich). The osteogenic induction
medium was replaced every 3 days for 3weeks.
At the end of the induction period, osteogenic
differentiation was determined by measuring
the staining for alkaline phosphatase (ALP)
activity, following the protocol of Leskeld et
al. ™ For mineralized deposits detection,
Alizarin red staining was performed as
described by Caplan. 4

Isolation and culturing of PBMCs

Peripheral blood mononuclear cells (PBMCs)
were isolated from leukocyte concentrates from
healthy donors kindly supplied by the
Experiemental Research Center, Mansoura
University. The leukocyte concentrate (50ml)
was centrifuged at 1200 rpm for 10min and the
supernatant blood plasma was discarded. The
pelleted cells were resuspended in 60ml
DMEM-LG and over layered on Ficoll-
Hypaque (Pharmacia-LKB, Sweden). After
centrifugation at 1750 rpm for 30min, the
mononuclear layer was collected, cells were
washed twice in PBS, counted using a
hemocytometer and resuspended in culture
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medium. All cell cultures were performed in
DMEM-LG supplemented with 10% FCS.
PBMCs at a concentration 1x10° cells/ml were
cultured (control culture) in 6-well flat-bottom
plates (Orange Scientific, Belgium) in the
presence of GM-CSF (Granulocyte-
macrophage colony-stimulating factor; 100
ng/ml) and IL-4 (Interleukin-4; 50ng/ml) in a
total volume of 5 ml DMEM-LG containing
10% FCS per well. Each sample was repeated
in 6 wells. After 7days, LPS
(Lipopolysaccharide; 50 ng/ml) was added in
fresh media then after 3 other days,
supernatants were collected and studied by
enzyme-linked immunosorbent assay (ELISA).
Monocytes Purification using
immunomagnetic beads

After isolation of the PBMCs by the density
centrifugation, the CD214+ population was
separated using magnetic beads (MACS,
Miltenyi Biotec, Germany) as recommended by
the producer. Briefly: 5x10° PBMCs were
centrifuged (250 g for 10 min) and then
resuspended carefully in 400 pl sterile MACS
buffer (PBS, pH 7.2; 2mM EDTA; 0.5%
bovine serum albumin). Microbeads (100 pl)
for direct separation (CD14 MicroBeads;
Miltenyi Biotec, Germany) were added to the
sample and incubated for 15 min at 4 'C. After
the incubation cells were washed in 10 ml
MACS buffer and again centrifuged at 250 ¢
for 10 min. The cellular pellet was resuspended
in 500u cooled MACS buffer and loaded onto
a separation column (MS MACS Column;
Miltenyi Biotec, Germany) in a magnetic field .
The flow through cell fraction was preserved
and the column was washed 3 times with 500
pul of MACS buffer. The separation column
was removed from the magnetic stand and the
CD14+ positive cell fraction was eluted with
Iml MACS buffer. The eluted cells were
analyzed by flow cytometry and used in further
experiments.

The isolated CD14+ cells (1x10%ml) were
distributed at 1ml volume in triplication in 24-
well flat-bottom plates (Orange Scientific,
Belgium) and cultured for 6 days in Roswell
Park Memorial Institute media (RPMI 1640;
PAA Laboratories GmbH, Pashing, Austria)
with 10% fetal bovine serum (A 15-151, PAA
Laboratories GmbH, Pashing, Austria) and
antibiotics in the presence of 100 ng/ml GM-
CSF (Immunex Corp., USA) and 50 ng/ml IL-4
(14269-5UG, Sigma—Aldrich, USA).
Maturation of DCs was induced on day 6th by
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stimulation with 50 ng/ml of LPS (L-43-91,
Sigma—Aldrich, St. Louis, MO 63103, USA) in
fresh complete medium for 3 days then the
cells were analyzed by flow cytometry and the
supernatants were harvested and immediately
stored at —20 "C until tested.

Co-culture of HAMSCs with monocytes and
flow cytometry analysis of monocytes (CD
14, HLA-DR class 1)

CD14+ monocytes at a concentration 1x10°
cells/ml were cocultured in 24-well flat-bottom
plates (Orange Scientific, Belgium) with
allogeneic HAMSCs (1x10* cells/well) both in
a total volume of 1 ml in complete culture
medium per well. Each sample was repeated in
3 wells. On day 6™ day LPS (50 ng/ml) was
added in fresh medium for 3 days.

On the 9" day dendritic cells from each well
were collected and their numbers were counted
in a hemocytometer. The cells were washed by
PBS (pH 7.4), centrifuged at 1200 rpm for 10
min and adjusted at 1x10° cells. Monoclonal
anti-CD14 FITC and anti-HLA-DR-FITC
antibodies (Becton Dickenson, USA) were
added and incubated for 30 min, in the dark.
After double washing in a CellWash solution
the cells were fixed in FIX solution as
recommended by the producer company. The
specific fluorescent labeling was analyzed at
FACSCalibur flow cytometer and 10 000
events were counted and analyzed using
flowing software version 2.5.0 program by
Pertu Terho, Turku centre for biotechnology ,
university of Turku, Finland.

Fig. 1: hAMSCs at passage three (P3) were
morphologically defined by the fibroblast— like
appearance ( x 100).
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Cytokine quantification (I1L-10) in cell
culture supernatants using Enzyme Linked
Immuno-Sorbent Assay (ELISA)
Interleukin-10 in cell culture supernatants from
mDCs, HAMSCs and co-cultured DCs and
MSC from both types were tested using the
Quantikine Human ELISA kit (Bender
MedSystems, Burlingame, CA94010, USA).
Tests were performed according to the
manufacture’s instructions.

Quantitative data of each parameter of all
experimental groups were expressed as means
+ standard deviation (SD). Statistical
significance of difference between diverse data
sets was assessed by one-way analysis of
variance (ANOVA) with significant difference
test and by Student's t-test, where appropriate.
A level of P<0.05 was considered significant.

Results

Assay of osteogenic differentiation

To evaluate mineral deposition, osteogenic
differentiation was performed in monolayer
culture for 3 weeks. The growing HAMSCs for
at least 2 passages in culture were
morphologically defined by their fibroblast-like
appearance Fig.(1). After reaching confluency,
HAMSCs were induced towards osteogenesis
with the induction medium. The induced
HAMSCs changed from a fibroblastic

appearance to a more polygonal appearance
with nodules (Fig. 2).

Fig. 2: hAMSCs differentiation to osteoblasts ( x
100).
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To characterize the cell-surface antigen profile of HAMSCs, the expression of surface markers was
analyzed by flow cytometry at passage four to eight (Fig. 3).

Results of the flow cytometry analysis showed that cells positively expressed CD29 (94%) , CD 90
(92%), , CD 105 (92%) and CD13 (89%) and negatively expressed CD14 (4%) and CD34 (6%).
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Fig. 3: Flow cytometry analysis of human adipose tissue mesenchymal stem cells revealed expression
of surface antigens such as CD29 (94%), CD 90 (92%), CD 105 (92%) and CD13 (89%). (Passage
4:8) was strongly positive; while CD14 (4%) and CD34 (6%) was showed a negative results.
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Effect of HAMSCs on monocytes differentiation:

CD14+ monocytes at a concentration 1x10° cells/ml were co-cultured in 24-well flat-bottom plates
with allogeneic HAMSCs (1x10° cells/well). Both were in a total volume of 1 ml in complete culture
medium per well containing 100 ng/ml GM-CSF and 50 ng/ml IL-4.

Each sample was repeated in 3 wells. On the 6" day LPS (50 ng/ml) was added in fresh medium for 3
days, the cells shows much lower proliferation rate than the control monocyte cultures reflecting the
inhibition effect of HAMSCs (Fig. 4).

Fig 4a:Monocytes showed at the 7" day in complete culture media containing LPS (10x).b
:Monocytes and HAMSCs co-culture at the 10" day in complete culture media containing GM-CSF
and 1L-4(10x).

At the 9th day dendritic cells from each well were collected and analyzed at FACSCalibur flow
cytometer. In control cultures monocytes expressed 6.9 % CD14 positive (Fig.5), a much higher
percentage (40.44 %) of monocytes HLA-DR class Il positive (Fig.6 ).

Monocytes co-cultures with HAMSCs only recorded 6.44% HLA-DR class I positive (Fig. 7).

When comparing flow cytometry analysis in control and mixed cultures, we found that there is a
highly significant difference in the means of monocytes (CD14+ cells) numbers (P<0.003) in control
culture and in HAMSCs co-culture (Fig. 8), also when comparing percent of monocytes cells positive
for HLA-DR class Il in control culture and in HAMSCs coculture, it showed a highly significant
difference in the percent of positive cells (P<0.001) (Fig. 9); this explains the inhibition effect of
HAMSCs on the maturation of monocytes to differentiate in to dentritic cells.
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Fig.5 ; a: Dot plot of monocyte cells (control culture) showing fluorescence of CD14 positive
monocyte cultured cells. b: Histogram showing number of cells in region 1 from the above analysis.
c: Dot plot with quadrant showing positive cells (6.29%) for CD14 (right bottom is the positive

region)
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Fig. 6; a: Dot plot of monocyte cells (control culture) showing fluorescence of HLA-DR. b:
Histogram showing number of cells in region 1 from the above analysis. c: Dot plot with quadrant
showing positive cells (40.44%) for HLA-DR (right bottom is the positive region.
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Fig.7 ; a: Dot plot of monocytes from HAMSCs- monocytes coculture, showing fluorescence of
HLA-DR. b: Histogram showing number of cells in region 1 from the above analysis. ¢: Dot plot

with quadrant showing positive cells (6.44%) for HLA-DR from monocyte culture (right bottom is
the positive region)
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Fig. 8: Histogram comparing mean of monocytes cell numbers positive for CD14 in control culture
and in HAMSCs co-culture (P<0.003).
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Fig. 9: Histogram comparing percentage of monocytes cells positive for HLA-DR class Il in control
culture and in HAMSCs coculture (P<0.001).
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Cytokine quantification in cell culture
supernatants :

Interleukin-10  (IL-10) was detected in
measurable concentrations in supernatants of
DCs control cultures and DCs co-cultures with
HAMSCs. It should be pointed out that IL-10
could not be detected in supernatants from
HAMSCs. The concentrations of 1L-10 in

supernatants from DCs co-cultured with
human adipose tissue derived MSCs were
significantly higher than the control cultures
DCs (Table 1, Fig. 10). The mean values of
three independent experiments were analyzed
and the differences were found to be
statistically significant (p < 0.05).

Table 1:Concentrations of 1L-10 measured by ELISA in supernatants of DCs control cultures

and DCs co-cultures with HAMSCs

Culture supernatant N Mean Std. Deviation | Std. Error Mean | One-Sample Test (0.05)
DCs 3 243.4333 5.45355 3.14861 0.05°*
DCs+ HAMSCs 3 273.2967 1.12429 .64911 0.05°*

* significant difference (P<0.001).

300,00

200,005

Mean

100.007

0,00
Control monocytes culture

AR s- monocwies coculture

Fig. 10: Concentrations (Pg/ml) of IL-10 measured by ELISA in supernatants, of control culture and

in HAMSCs co-culture.

Discussion

The major properties of the mesenchymal
stem cells (MSCs) are based on their
plasticity, self-renewal and differentiation
capacity and these characteristic features
define the MSCs as a very promising means
for the purposes of the regenerative medicine.
[14,15,16]

In this work, mesenchymal stem cells
(MSCs) were harvested from human adipose
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tissue, purified, and grown in culture. They
were morphologically defined by a fibroblast-
like appearance.

Abundant numbers of HAMSCs can be
derived from lipoaspirate, the waste product of
liposuction surgery. Processing 300 mL of
lipoaspirate routinely yields between 1 x 10’
and 6 x 10° HAMSCs with >90% cell
viability. ¥ Y The vyield compares
favourably with a bone marrow aspirate, !
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when Comparing with BMSC it was proved
that HAMSCs are more easily cultured and
grow more rapidly. @ They can also be
cultured for longer than BMSC before
becoming senescent. % All of these qualities
make HAMSCs a useful source of
mesenchymal stem cells.

The stromal vascular fraction (SVF) pellet
found in the lipoaspirate contains an
unpurified population of stromal cells, which
includes the HAMSCs. The other cell types
that may be present in SVF, namely
endothelial cells, smooth muscle cells,
pericytes, fibroblasts, and circulating cell
types such as leucocytes, haematopoietic stem
cells or endothelial progenitor cells. ! Many
authors use the entire unpurified SVF in their
experiments, on the basis that the HAMSCs
are adherent to the plastic tissue cultureware,
so they are self-selected out of the SVF during
subsequent tissue culture passages. ! As few
as one in 30 of the SVF cells adhere to the
plastic, there is progressive loss of
haematopoietic lineage cell markers (such as
CD11, CD14 and CD45) with successive
cultures of HAMSCs. % Adherence to plastic
tissue cultureware, however, is not a feature
that is specific to HAMSCs, fibroblast cells
also behave in this manner. Some critics have
suggested that even a low fraction of
contaminating cells such as haematopoietic
stem cells could be the source of
gis}"ferentiation seen in HAMSCs experiments.
Our data revealed that cultured HAMSCs in
osteogenic medium for two weeks, cells
changed from a fibroblastic appearance to a
more polygonal appearance and formed
nodules. After 3 weeks culture time, the
induced cells were stained positive with
Alizarin Red S stain for mineral deposition in
their newly formed matrix and most of cells
became alkaline  phosphatase  positive.
Undifferentiated mesenchymal stem cells have
no extracellular calcium deposits, whereas
differentiated osteoblasts have extracellular
calcium deposits. Calcium deposits are
therefore an indication of successful
differentiation of MSC into osteoblasts and in
vitro bone-formation. Calcium deposits can
specifically be stained bright orange-red using
Alizarin Red staining. Undifferentiated
HAMSCs (without extracellular calcium
deposits) were slightly reddish, whereas
hAMSC-derived osteoblasts (with
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extracellular calcium deposits) were bright
orange-red.Most studies agree that
dexamethasone is a requirement for
stimulation of osteogenesis in vitro, [26-27]
although its exact mechanism of action is yet
unknown, and one study replaces this factor
with 1,25-dihydroxyvitamin D3. [28] In vitro,
osteogenic differentiation takes at least 28
days, after which time calcified extracellular
matrix can be seen after staining with 2%
Alizarin red stain.

Definitive cell surface markers of HAMSCs
would help not only distinguish them from
other cell populations in cell culture, but
would also enable purification of HAMSCs
from SVF. To characterize the cell-surface
antigen profile of HAMSCs in this study, the
expression of surface markers were analyzed
by flow cytometry at passage four to eight.
Results of the flow analysis showed that cells
positively expressed CD29 (94%) , CD 90
(92%), , CD 105 (92%) and CD13 (89%) and
negatively expressed CD14 (4%) and CD34
(6%).

Extensive research efforts have been
concentrated on the ability of the MSCs to
modulate the immune response. 3 |t has
been reported that MSCs can suppress the
proliferation of T cells in vitro induced by
cellular and non-specific mitogenic stimuli
(32331 and it can prolong significantly the
survival time of skin transplant in mouse
model in vivo. B¥ The mechanisms underlying
the suppressive effects seem to be quite
various including induction of cell division
arrest causing anergy 3¢

Similar mechanisms have been reported to be
involved in the suppression of B cell
functions. Corcione et al. ¥ have reported
that B cell proliferation was suppressed by
human MCS’s through an arrest in the G0/G2
phase of the cycle.

Natural killer (NK) cells are also targets of the
suppressive effect of MSCs as it has been
reported that co-culture of MSCs and NK cells
caused a change in the NK cell phenotype and
inhibit proliferation, cytokine secretion and
cytotoxicity. Most of these effects require
direct cellular interactions but some of the
effects are mediated through secreted factors.
(8- One of the mechanisms of the
immunosuppression exerted by the MSCs has
been shown to be the influence on the
differentiation and maturation of the dendritic
cells from monocyte origin (mDCs). *®
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The dendritic cells are the most potent
antigen-presenting cells and parallel to that
possess quite powerful immunoregulatory
activities. Monocyte-derived DCs originate
from the blood monocytes and differentiate
passing through the stage of the immature
dendritic cells and their later maturation.
Every differentiation and/or maturation stage
can be strictly identified by the expression of
surface markers (CD14, CD80, CD86, CD83,
HLA-DR) analyzed through
immunophenotyping. (- The
immunomodulatory activity of MSCs brings
forward the question for their possible
application in autoimmune diseases.

The results obtained from this study
showed that HAMSCs were immune-
modulators of differentiation of human DCs.
The percentages of CD14+ cells were
increased in co-cultures of HAMSCs and DCs
and at the same time down regulation the
expression of HLA-DR. These results revealed
higher potential of the adipose tissue-derived
MSCs to inhibit the differentiation and
expression of functionally important co-
stimulatory molecules on the surface of
monocyte-derived dendritic cells.
Monocyte-derived DCs represent the final stage
of the differentiation of blood monocytes.
Immunomodulatory activities of monocyte-
derived DCs comprise the major characteristics
since these cells are capable of triggering the
differentiation of naive T helpers in Th2 cells,
(4041 inducing immune tolerance and controlling
the immune response. “2 The existence of very
sophisticated networks of regulations between
the cell populations presumes that the DCs
themselves are objects of regulations. The
results from this study showed that human
MSCs and particularly adipose tissue-derived
MSCs can influence the differentiation of
monocyte-derived DCs as well as the secretion
of cytokines by DCs. In our experiments the
culture of monocytes in the presence of factors
triggering their differentiation and maturation
(IL-4, GM-CSF, LPS) lead to development of
mature  dendritic cells demonstrated by
immunophenotyping. It is known that in the
course of differentiation the monocytes could
loose the expression of CD14 wunder the
influence of IL-4 ¥ and the same effect was
observed in our experiments. However, co-
culturing of differentiating DCs with HAMSCs
caused significant changes. These results
demonstrated that the MSC blocked effectively
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the differentiation of the greater part of the
monocytes and the cells remained at the level of
CD14-expressing monocytes. A similar effect
was observed with expression of HLA-DR
marker as in co-cultured DCs which were
significantly  diminished. = The  molecular
mechanisms of HAMSCs to inhibit the
differentiation of monocytes into dendritic cells
have not been clarified, so far, although some
data revealed that TGF is directly related to the
increased expression of CD14 and decreased
expression of HLA-DR. 14

It has been reported that one of the major ways
of the HAMSCs to control the development of
the DCs is secretion of cytokines such as TGF
and 1L-10 ! and IL-10 by monocyte-derived
DCs. It is known that IL-10 is the major anti-
inflammatory cytokine which deviates the
immune response to Th2 bias and induces
tolerance and apoptosis. ¥ “! It has been
reported that IL-10 influences various processes
related to monocytes and monocyte-derived DCs
by controlling the cytokine secretion, " their
maturation and function ¥ and up-regulates
their apoptosis. ! IL-10 can induce tolerance
by triggering anergy of the T lymphocytes by
simultaneous inhibition of the surface expression
of CD28 and surface expression of CD80/CD86
by the dendritic cells. %

These results demonstrated a significant up-
regulation of the IL- 10 secretion by monocyte-
derived DCs co-cultured with ASCs. IL-10
could be detected in the supernatants of
independently cultured DCs but was not found
neither in supernatants of activated HAMSCs
nor resting HAMSCs cultured alone. Based both
on literature data and the present results our
hypothesis is that the ASCs up-regulate the
secretion of IL-10 by DCs and the secreted
cytokine in an autocrine manner suppression of
the co-stimulatory molecules such as CD80 and
CD86, this inhibiting the capacity of the DCs to
stimulate effectively the T Iymphocytes could
lead to a lowing or absence of immune response
or even anergy of the T cells. The present results
are in agreement with the results Jiang et al. !
and Ivanova-Todorovaa et al. ™ who reported an
increase of CD14 and decrease of CD83, CD80
and CD86 by monocyte-derived DCs under the
influence of MSCs. The new findings in our
study refer to the data that adipose tissue-derived
MSC are more potent suppressors of the
expression of these molecules and better up-
regulators of the IL-10 secretion.



Effect of Human Adipose-derived Mesenchymal Stem C...

In Conclusion, the results from this study
clearly demonstrate that adipose tissue-derived
mesenchymal stem cells are effective
suppressors of  monocyte-derived dendritic
cells differentiation. These findings together
with the other characteristics of adipose tissue
MSCs are supposed an immunomodulatory
agents for clinical applications. Given the ease
of harvest, isolation and culture of HAMSCs,
as well as their relative abundance, it is likely
that HAMSCs will find widespread
application in clinical practice in the future.
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