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. Background and Objectives: The mesenchymal stem cells derived from peripheral
Peripheral blood, . .. .
Mesenchymal stem cells blood (PB) have been recognized as a promising source for allogeneic cell therapy.
Differentiation ’ The aim of this study was to investigate the isolation, growth and differentiation abil-

Regenerative medicine ity of peripheral blood-isolated mesenchymal stem cells.

Methods: The mononuclear cells were purified from fresh peripheral blood using
density gradient centrifugation then cultured in a suitable medium, expanded and
characterized. In the following, these cells were cultured in specific adipogenic and
osteogenic differentiation media.
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adhered to the flasks and developed a rather homogeneous, spindle-shaped morphol-
ogy after consecutive passages. The cells were confirmed to have mesenchymal phe-
notype by expression of specific markers (CD90, CD105, and CD73) and absence of
CD45 marker, which is specific for hematopoietic stem cells. They could differentiate
into lineage-specific committed cells (osteoblasts and adipocytes).

According to the findings, the conventional, labour-intensive and time-consuming
approaches are not necessary to obtain an optimal number of cells from peripheral
blood. This relatively accessible and minimally invasive source of stem cells may
open a new era for practical exploitation in regenerative medicine.
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Introduction

Nowadays, isolation of stem cells having the capac-
ity to differentiate into numerous cell types is interest-
ingly noteworthy in regenerative medicine and tissue
engineering (1-3). In this context, identification of
new stem cell sources, minimally invasive isolation
procedures and optimized cell culture conditions are
needed for clinical applications. Due to the effective
clinical features of mesenchymal stem cells (MSCs),
numerous studies have focused on isolation and dif-
ferentiation of these multipotent cells (1, 2, 4). Ex-
traction from bone marrow (as a main source) is an
invasive and a high-risk approach that gives low
frequency and heterogeneous population (5). To cir-
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cumvent these problems, researchers have attempted
to isolate mesenchymal stem cells from alternative
accessible tissue sources (4, 6-8). Accessibility and
a high differentiation potential, introduce blood-de-
rived stem cells as a promising source for medicinal
applications (6, 9). However, there is controversy
about whether MSC can be detected in the blood cir-
culation in human. Some studies failed to detect MSC
in peripheral blood. To dominate this problem, some
alterations in isolation methods were done. Using
large amount of blood for isolation of these cells is
one of these alterations. Zvaifler et al. tried to isolate
stem cells from sterile blood packages obtained from
blood transfusion services (10). The next strategy was
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using mobilization protocols such as granulocyte-
colony stimulating factor (G-CSF) to stimulate stem
cells and release them from bone marrow to periph-
eral blood. For example, Tondreau et al. could suc-
cessfully isolate stem cells using G-CSF mobilization
(11). However, G-CSF mobilization protocol is time-
consuming and not affordable. It is also associated
with side effects such as nausea and vomiting (10,
12). Yet, it has been reported that cells with fibroblast
morphology which are derived from peripheral blood
mononuclear cells in culture, express a hematopoietic
immunophenotype. Therefore, they do not fulfill the
criteria for MSC set by International Society for Cel-
lular Therapy (ISCT). In this study, the researchers
tried to introduce a modified procedure for isolation
of peripheral blood-derived mesenchymal stem cells.
The novelty of this study was non-mobilization ap-
proach and also minimal quantity of blood usage. The
isolated cells were analyzed based on ISCT criteria

and the findings were compared with other studies.
Materials and Methods

Isolation and expansion of peripheral blood

mononuclear cells

Blood sample (10 ml) was taken from a healthy
young female after obtaining informed consent form.
The density gradient centrifugation was used for the
pre-enrichment of mononuclear cells to improve the
recovery of rare stem cells. For this purpose, acid-
citrate-dextrose (ACD)-treated blood was centrifuged
at 3500 rpm for 20 min. The obtained bufty coat was
diluted (1:1) with phosphate-buffered saline (PBS,
pH 7.4, Gibco, BRL) and layered on the Ficoll-Paque
solution (Biosera, France). After centrifugation at
1500 rpm for 15 min, the isolated mononuclear cells
were plated out in DMEM-F12 (Gibco, BRL), 15%
FBS (Gibco, BRL) and 1% penicillin-streptomycin
antibiotic (Gibco, BRL) at a seeding density of 20 x
10° cells per cell-culture dish. Culture medium was
changed every 2 days and suspended cells were dis-
carded by each medium exchange. Then the superna-
tant was aspirated and cells were harvested by centrif-
ugation. The final pellet was transferred into one dish
containing DMEM-F12, FBS (15%) and antibiotics.
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Serial passages were performed using trypsin enzyme
(Gibco, BRL).
Immunoprofiling

Flow cytometry was used for immunoprofiling of
stem cells. The cells were harvested, pelleted and re-
suspended in PBS. They were stained for 30 min at
4°C with anti-human CD45 (BD-Biosciences, USA;
555482), CD73 (BD-Biosciences, USA; 561254),
CD105 (BD-Biosciences, USA; 561443) and CD90
(BD-Biosciences, USA; 555596) antibodies. An ap-
propriate isotype-matched control antibody was used
in all analyses. The incubated cells (n=10000) were
analyzed using FACSCalibur flow cytometer (BD-
Biosciences) and CellQuest Pro software (version
5.1).

Assessing differentiation potential

The obtained cells were assessed for osteogenic and
adipogenic differentiation potentials. The cells of
passage 3 were seeded in T-25 flasks (5%10°/cm?) and
grown in DMEM-F12 and FBS until reaching desired
confluency (90%). At this point, the cells were incu-
bated with an appropriate differentiation (osteogenic
or adipogenic) medium for 21 days (n=1). Besides
high glucose DMEM (Gibco, BRL), FBS (2%, ascor-
bic acid 2-Phosphate (50 pg) (Sigma, Germany) and
dexamethasone (10 nM and 100 nM for osteogenic
and adipogenic differentiation, respectively) (Sigma,
Germany) that are common compounds of various
differentiation media, -Glycerol Phosphate (10 mM)
(Sigma, Germany) and indomethacin (50 pg) (Sigma,
Germany) are another components of osteogenic and
adipogenic differentiation media, respectively. Con-
trols were grown in DMEM-F12 and FBS (2%). The
media was changed every 2 days. To evaluate the dif-
ferentiation process, cells were fixed (10 min, at room
temperature) with PBS-buffered formalin (10%) and
stained for 1 hr with oil-Red O (Sigma, Germany) and
Alizarin red (Merck, USA) to confirm adipogenesis
and osteogenesis, respectively.

Results & Discussion

MSCs were successfully isolated from peripheral
blood of donor. The number of 20 million PB-de-

rived mononuclear cells was isolated and grown in
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the appropriate medium. In order to reach the desired
confluency following the appearance of mesenchy-
mal-like adherent cells (7" day), some inducible and
growth factors were added to the medium. Approxi-
mately 0.5-1 million adherent cells were obtained at
the end of passage 0 on the 15" day, which were pas-
saged. Phase contrast microscope was used for regu-

larly monitoring cultured cells morphology. Figure 1
shows the phase contrast images of these elongated
and spindle-shaped cells in different passages. As
shown in Figure 1, PB-MSCs were initially mixed
up with small population of round cells which were
gradually omitted from medium by each passage
(Figure 1).

Figure 1. Morphology of isolated cells. (a): The adherent cells were observed 7 days after
primary culture and displayed spindle-shaped morphology; (b), (c): Morphology of the cells
at the first and second passages. The pictures were taken using phase contrast microscope at

%200 magnification.

Immunoprofiling

The obtained cells were further characterized by
their immunophenotypic antigen profile via flow
cytometry (Figure 2). The antigen profiling data re-
vealed that these cells were negative for differentiated
cell marker, i.e., CD45 but positive for mesenchymal
stem cell markers; CD90 (99.72%), CD73 (99.97%),
and CD105 (92.74%).
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In Vitro differentiation into adipocyte and osteo-
cyte

Isolated cells were further evaluated by their differ-
entiation potential, a hallmark of MSCs. To investi-
gate the osteogenic and adipogenic differentiation
potential, cells were cultured in the specific induction
medium and characterized by Alizarin Red and Oil
Red O stainings, respectively (Figure 3). These find-
ings indicated that obtained cells were able to differ-
entiate into osteogenic (display calcium deposits) and
adipogenic (display small fat vacuoles) cells.
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Figure 2. Immunophenotypic profile of stem cells. The cells were labeled with conjugated
antibodies against the indicated antigens (CD45 as a hematopoietic cell marker and CD105,
CD90, and CD73 as mesenchymal stem cell markers), then analyzed by flow cytometry.

Figure 3. Osteogenic and adipogenic differentiation potential of peripheral blood-derived
MSCs. The cells were induced to form osteoblasts and adipocytes by culturing in the specific
induction media. Differentiation was confirmed by staining with Alizarin red (a) and Oil-red

O (b). Images were taken using phase contrast microscope at X200 magnification.

Peripheral blood has been used as one of the sources
for MSCs due to its ease of access and having suit-
able stem cells. It seems that bone marrow is a main
origin of these cells (6, 10, 13); however, additional
evaluations are required to substantiate this possibil-
ity. The isolation and culture of MSCs from peripher-
al blood has been reported by some research groups.
However, some of these studies have used bone mar-
row stimulators such as granulocyte-colony stimulat-
ing factor (G-CSF) and large amounts of peripheral
blood (14-16). Although encouraging initial results
have been observed in the application of growth fac-
tors for blood-derived MSCs isolation, advances in
therapeutic efficacy have been hampered by the vari-
ous side effects of these agents (6, 17). In some stud-
ies, like those conducted by Trivanovic et al. (14) and
PP-Chong et al. (7), neither large amount of blood
nor any stimulator was used. In the first study, MSCs
were successfully isolated from 2 out of 6 specimens.
To characterize the isolated cells, and to detect special
stem cells related genes and multilineage differentia-
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tion, they used flow cytometry analysis and RT-PCR,
respectively. However, the researchers did not men-
tion the amount of blood they obtained from donors.
According to the results, the isolation method they
used was not suitable to isolate MSCs from all donors.
They suggested further research about extraction and
ex-vivo expansion for their safe and effective use.
In the second study, the MSCs were extracted from
bone marrow and peripheral blood of 20 donors. The
researchers mentioned that donors were all patients
as some studies have proved that patients with organ
injury have increased levels of circulating mesen-
chymal stem cells. However, consistent with the first
study, the researchers did not mention the amount of
blood they obtained from donors. According to their
results, they could isolate MSCs from all 20 donors.
They used only flow cytometry and evaluated the
differentiation ability for characterizing the isolated
cells. The main aim of their study was to show that
peripheral blood MSCs can differentiate into chon-
drocyte and these cells can be used for some defects.
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In the present study, characterization of MSCs iso-
lated from the low amounts of peripheral blood with-
out any growth factor administration was described.
In addition, the osteogenic and adipogenic differen-
tiation potential of these cells was evaluated. Con-
sistent with few previous studies (8, 12, 16), the iso-
lated cells in this study met commonly used criteria
for defining MSCs (14, 15, 17) that were described
by International Society for Cellular Therapy (ISCT).
These spindle-shaped cells being adhered to the flask
were negative for the expression of differentiated
hematopoietic cell marker (CD45), but positive for
MSC markers (CD90, CD105, and CD73). Isolated
cells exhibited osteogenic and adipogenic differentia-
tion potential as shown by Alizarin Red and Oil-red
O stainings, respectively (Figure 3). This study, us-
ing standardized procedures for isolation, culture and
differentiation of blood-derived MSCs, aimed to de-
termine the non-invasive and most efficient approach

to extract and expand blood-derived MSCs that can

References

1. Egusa H, Sonoyama W, Nishimura M, At-
suta I, Akiyama K. Stem cells in dentistry-
part I: stem cell sources. J Prosthodont Res.

2012; 56 (3):151-65. https://doi.org/10.1016/].
jpor.2012.06.001 PMID:_ 22796367

2. Lin TC, Lee OK. Stem cells: a primer.
Chin J Physiol. 2008 ; 51 (4):197-207.
PMID: 19112877

3. Kadir RA, Ariffin SHZ, Wahab RMA, Senafi

S. Molecular characterisation of human pe-
ripheral blood stem cells. S Afr J Sci. 2012;

108 (5-6):67-73. https://doi.org/10.4102/sajs.
v108i5/6.939

4. Maleki M, Ghanbarvand F, Mohammad Reza
Behvarz ME, Ghadirkhomi E. Comparison
of mesenchymal stem cell markers in multi-
ple human adult stem cells. Int J Stem Cells:
2014; 7 (2):118-26. https://doi.org/10.15283/
ijsc.2014.7.2.118 PMID: 25473449

s, Wagner W, Wein F, Seckinger A, Frankhauser
M, Wirkner U, Krause U, et al. Comparative

characteristics of mesenchymal stem cells
from human bone marrow, adipose tissue, and

Vol.13 No.4 Fall 2018

be used as an allogeneic source for regenerative

medicine.
Conclusion

Mesenchymal stem cells are widely used in cell
therapy, thus, choosing the best and safest source is
important. Peripheral blood is a safe, available and
non-invasive source for isolation of MSCs. In this
study, it was tried to isolate MSCs from peripheral
blood without using G-CSF and other mobilizing fac-
tors. Therefore, this method can be used as a safe pro-
cedure for isolation of MSCs from peripheral blood.
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