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Abstract: Cell therapy presents a promising alternative for the treatment of degenerative diseases. The main sourc-
es of adult stem cells are bone marrow, adipose tissue and peripheral blood. Within those tissues, there are cell
subpopulations that share pluripotential characteristics. Nevertheless, there is insufficient data to determine which
of these stem cell subtypes would have a better possibility to differentiate to a specific tissue. The objective of this
research was to analyze and compare the stemness genes expression from peripheral blood and adipose tissue
of plastic adherent cells, and those immune-selected by the CD133* and CD271* membrane markers. On all cell
subpopulation groups, self-renew capacity, the membranes markers CD73, CD90 and CD105, as well as the stem-
ness genes NANOG, OCT4, SOX2, REX1, NOTCH1 and, NESTIN expression were analyzed. Results showed that all
samples presented the minimal criteria to define them as human stem cells. All cell subpopulation were capable
of self-renewal. Nevertheless, the subpopulation cell types showed differences on the time needed to reach conflu-
ence. The slowest doubling times were for those cells bearing the CD133 marker from both sources. Surface mark-
ers determined by flow cytometry were positive for CD73, CD90 and, CD105, and negative for CD45. The stemness
gene expression was positive in all subpopulation. However, there were significant differences in the amount and
pattern of expression among them. Those differences could be advantageous in finding the best option for their
application on cell therapy. Cells with high expression of OCT4 gene could be a better opportunity for neuron dif-
ferentiation like CD133* blood cells. On the other hand, lowest expression of NOTCH1 on CD271* cells from the
same source could be a better possibility for myoblast differentiation. The observed differences could be used as an
advantage to find which cell type and from the different source; this represents the best option for its application on
cell therapy. Experiments focused on the best response to specific differentiation, are conducted in order to confirm
those possibilities.
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Introduction entiation capacities in vitro [1]. These events
could be explained as a consequence of the
presence of different cell subtypes within the

initial isolated cell mass, independent of the

Mesenchymal stem cells (MSCs) comprise mul-
tiple cell types and are generally defined as

undifferentiated, capable of self-renewal, and
with a high proliferative capacity. These cells
express the membrane markers CD73, CD9O,
and CD105. Of great interest is the fact that a
comparative analysis of MSCs obtained from
different sources such as bone marrow, umbili-
cal cord, blood, and adipose tissue demon-
strated a wide range of proliferation and differ-

source. In fact, there are reports indicating that
the primary culprit causing the differences in
proliferation and differentiation capacities
toward the production of neural tissue from
MSCs incubated in neuro-induction medium is
this heterogeneity in cell populations [2-5].
Therefore, these findings justify a careful search
for defining which stem cell subtypes are the
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most suitable for defined cell therapy protocols.
In general, MSCs used in cell therapy have
been selected based on the effects related
to their capacity of trans-differentiation into
specific cell lineages, neovascularization, and
immune modulation, which apparently are com-
mon to all stem cells. Today, there is no consen-
sus of which specific stem cells are better for
cell therapy applications, nor about which cell
sub-type should be selected for the restoration
of a specific tissue. For example, in the case of
a damaged heart, van der Bogt et al. [6] report-
ed comparisons of relative efficacies defined
as the recovery of cardiac ischemic insults
obtained by transplantations of different cell
types, and concluded that bone marrow mono-
nuclear cells were more effective than bone
marrow MSCs. Similarly, Ma et al. [7] reported
that adult human stem cells were better than
umbilical cord blood stem cells for treatment of
myocardial ischemia. Studies on the in vivo
behavior of adipose derived stem cells (ADSCs)
and MSCs in the infarcted heart have demon-
strated that both populations of stem cells are
not prone for survival within the cardiac envi-
ronment, resulting in acute donor cell death
and a subsequent loss of cardiac function simi-
lar to that in control groups. However, from
these bad scenarios, there was a better sur-
vival rate of MSCs [8]. Based on the reports of
Davy (2013) [9], enrichment of autologous
bone marrow stem cells bearing the CD34*
membrane marker could increase the efficacy
of treatments in the clinical setting for this con-
dition. Furthermore, the associated presence
of CD133* marker in these enriched subsets
when used in clinical trials showed improve-
ment in myocardial viability and local perfusion
of the infarcted zone [10-15].

Therefore, the main objective of this manu-
script was to analyze, under the same in vitro
conditions, if the expression of genes associ-
ated with pluripotency was similar in all stem
cells subtypes obtained from different sources.
The results could provide some evidence to
support the researcher’s decision on the cell
subtype to be used in specific cell therapy pro-
tocols, looking for the best possible results.

Material and methods
Ethics statement

The study protocol was authorized by the
Research and Ethics Committee of the School
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of Medicine Tec de Monterrey and the Research
and Ethics Committee of the Hospital San Jose
Tec de Monterrey (Reg. 13CI19039138).

Stem cell isolation from adipose tissue

Abdominal adipose tissue was harvested from
healthy donors aged 30-40 years. Lipoaspirates
were obtained under written informed consent,
and the procedures were performed as previ-
ously described [6]. Briefly, the lipoaspirate
were digested with 0.1% collagenase type I-S
(Sigma-Aldrich) dissolved in Hank's buffer
(Gibco, Grand Island, NY). Digestion was per-
formed on a shaker at 37°C and 250 rpm for
60 min. The enzyme was inactivated by adding
an equal volume of Dulbecco’s Modified Eagle’s
medium (DMEM-F12, Gibco) supplemented
with 10% fetal bovine serum (FBS, Gibco).
Mature adipocytes and connective tissue were
separated from pellets of mononuclear cells by
centrifugation at 800 g for 10 min. The debris
and the dissociated tissue present in the pel-
lets were eliminated through filtration using a
100-pum cell strainer and washing with phos-
phate-buffered saline (PBS). All the pellets were
mixed and plated on a Ficoll-Paque gradient
(GE Healthcare BioSciences, Piscataway, NJ) to
reduce erythrocyte contamination. The collect-
ed mononuclear fraction was further washed
with PBS and filtered through a 40-um cell
strainer to remove debris and cell clumps. The
sample obtained was divided into three frac-
tions. One fraction was seeded directly into
25-cm? flasks containing DMEM-F12 supple-
mented with 10% FBS, 50 U/ml penicillin,
and 50 pg/ml streptomycin (ADSCs-MSCs).
When the culture of these flasks reached con-
fluence, one sample of this fraction was pro-
cessed for RNA isolation. The second fraction
was used for CD271" cell isolation by magnetic
labeling beads bearing an anti-CD271 antibody
(MicroBead kit, Miltenyi Biotec, Gladbach,
Germany). Cells retained on the column (posi-
tive fraction: AD-CD271") were obtained by elu-
tion and divided in two fraction, one was pro-
cessed for RNA isolation and the other one
seeded on into 25-cm? flasks containing
DMEM-F12 supplemented with 10% FBS, 50 U/
ml penicillin, and 50 yg/ml streptomycin. The
third fraction was used for CD133* cell isola-
tion by magnetic labeling beads bearing an
anti-CD133 antibody (MicroBead kit, Miltenyi
Biotec, Gladbach, Germany). Cells retained on
the column (positive fraction: AD-CD133*) were
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also obtained by elution and divided in two
fraction, one was processed for RNA isolation,
and the other one seeded into 25-cm? flasks
containing DMEM-F12 supplemented with
10% FBS, 50 U/ml penicillin, and 50 ug/ml
streptomycin.

Stem cell isolation from peripheral blood
sample

Peripheral blood mononuclear cells from
healthy donors were obtained by venipuncture
and were initially enriched by Percoll density
gradient centrifugation. The collected mononu-
clear fraction was washed three times with
PBS. The sample obtained was divided into
three fractions; one fraction was seeded direct-
ly into 25-cm? flasks containing DMEM-F12
supplemented with 10% FBS, 50 U/ml penicil-
lin, and 50 pg/ml streptomycin (PB-MSCs). Wh-
en the culture reached confluence, one sample
of this fraction was processed for RNA isola-
tion. The second fraction was used for CD271*
cell isolation by magnetic labeling beads
bearing an anti-CD271 antibody (MicroBead
kit, Miltenyi Biotec, Gladbach, Germany) as
explained above. The elution obtained cells
(PB-CD271") were divided in two fractions. One
fraction was processed for RNA isolation, the
other one was seeded into 25-cm? flasks con-
taining DMEM-F12 supplemented with 10%
FBS, 50 U/ml penicillin, and 50 yg/ml strepto-
mycin. The third fraction was used for CD133*
cell isolation by magnetic labeling beads
bearing an anti-CD133 antibody (MicroBead
kit, Miltenyi Biotec, Gladbach, Germany). The
retained cells (PB-CD133") after release was
divided in two fractions, one fraction was pro-
cessed for RNA isolation, the other one was
seeded into 25-cm? flasks containing DMEM-
F12 supplemented with 10% FBS, 50 U/ml pen-
icillin, and 50 ug/ml streptomycin.

Surface marker analysis by flow cytometry
from PB and AD subpopulation cells

To analyze the expression of specific surface
proteins, 3 x 10° MSCs (passage 1), CD271"
and CD133 were incubated for 30 min with 20
ul of blocking reagent and 10 pl of the following
fluorochrome-conjugated monoclonal antibod-
ies in appropriate combinations: CD34-PE,
CD45-FITC, CD73-PE, CD9O-FITC, CD105-PE,
CD271-APC, and CD133-PE (BD Biosciences,
San Diego, CA, USA). After staining, the cells
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were washed with MACS-BSA stock solution
(Miltenyi Biotec, Teterow, Germany), centri-
fuged, and resuspended in MACS-BSA. The
samples were evaluated by the FACSCanto Il
Instrument, and the data were analyzed using
the FACSDiva software (BD Biosciences).

Gene expression by reverse transcription-poly-
merase chain reaction (RT-PCR) from PB and
AD subpopulation cells

RNA was isolated according to the manufactur-
er’'s instructions for the GenElude mammalian
total RNA miniPrep kit (Sigma), and RT-PCR was
performed according to the instruction manual
of the One-Step RT-PCR kit (Qiagen, Crawley,
UK). The selected pluripotential genes were:
SOX2, NOTCH1, REX1, OCT4, and NANOG. As
well as NESTIN gene to determine, proliferative
state. These genes were analyzed for adherent
plastic cells, or cells bearing either CD133 or
CD271 membrane markers. As an internal con-
trol gene, GAPDH was used. RT-PCR products
for each target gene were resolved by 2% aga-
rose gel electrophoresis and visualized with
SYBR Green (Qiagen) [diluted 1:10,000 in Tris-
borate-ethylenediaminetetraacetic acid (TBE)].
The bands were observed under UV light and
photographed in a UVP high-performance UV
transilluminator (DigiDoc-It; Cambridge, UK)
and analyzed with the GelAnalyzer program.

Statistical analysis

Statistical analyses were performed using
SPSS software (v. 17.0; SPSS Inc., Chicago, IL).
For each variable under study, the medians,
standard deviations, and ranges were calculat-
ed. The Pearson correlation between CD133*
and CD271" cell or MSC gene expression was
considered to be significant for values of P <
0.05. Otherwise, the nonparametric Kendall’s
tau b test was performed.

Results

Self-renewal

According to the protocol, cells obtained from
lipoaspirate samples and peripheral blood were
seeded under similar cell number and culture
conditions. Results showed that all stem cell
cultures obtained from AD have the capacity of
self-renewal under in vitro conditions. However,
the time to reach 80% confluence varied
between them, with AD-MSCs mononuclear
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Table 1. Surface markers determined by FACS on samples obtained from peripheral blood (PB) and

lipoaspirate (AD)

Membrane marker PB-MSCs PB-CD133"*

PB-CD271* AD-MSCs AD-CD133* AD-CD271*

cD73 +++ +++
CD90 ++ +++
CD105 ++ 4+
CD34 +H+ +
CD45 +++ -
CD133 + +
CD271 + -

+

+

+

++ +++ +++ +++
++ +++ +++ +++
++ +++ +++ +++
+ + + +
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Figure 1. Stemness genes expression on peripheral blood subpopulation (A). Upper: RT-PCR agarose gel imaging
obtained from peripheral blood stem cell subpopulation. Lower: Graphic representation of the band intensity after
electrophoresis of RT-PCR products for stemness gene expression. Significate difference (*P < 0.001) between
PB-MSCs and PB-CD133* or PB-CD271*. (B) Stem cell pluripotential gene expression on lipoaspirate sample Upper:
RT-PCR agarose gel imaging obtained from lipoaspirate stem cell subpopulations. Lower: Graphic representation of
the band intensity after electrophoresis of RT-PCR products for stemness gene expression. Significative difference
(*P £0.001) between AD-MSCs and AD-CD133* or AD-CD271".

fractions being the most efficient (10-12 days).
ADSCs bearing CD271" or CD133" antigens
reached confluence at 14-18 days.

Self-renewal capacity of stem cells isolated
from peripheral blood also showed differences
among their subpopulations. PB-MSCs reached
confluence at 10-12 days, cells bearing CD271*
reached confluence at 16-18 days, and cells
bearing CD133* reached confluence at 18-21
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days. All other cell subgroups were capable of
forming CFUs at the same time as the culture
reached confluence.

Surface marker analysis by flow cytometry

FACS analysis of MSC fractions recovered from
peripheral blood and lipoaspirate showed posi-
tive markers for CD90, CD105, CD73, CD271,
CD133, and CD34. Nevertheless, after specific
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Figure 2. Graphic representation of band intensity after electrophoresis of RT-PCR products for stemness gene ex-
pression on subpopulations of CD133* and CD271" cells obtained from peripheral blood compared with the expres-

sion on those obtained from lipoaspirate (*P < 0.001).

magnetic bead separation, samples obtained
by coupling with anti-CD133 antibodies were
negative to CD271 membrane marker. The
opposite was true, thus making cells CD133
and CD271 mutually exclusive. None of these
cells were positive for CD45 (Table 1). All the
obtained fractions that showed the membrane
markers were considered as multipotential
markers [7].

Pluripotential gene expression in samples from
peripheral blood

CD133* and CD271* cell samples from periph-
eral blood showed a positive expression for all
the pluripotential genes tested. Nevertheless
there were significant differences between sub-
populations: NANOG showed different expres-
sion levels between peripheral blood subpopu-
lations, among which PB-MSCs showed higher
expression than that observed on CD133* and
CD271" cells. CD133* cells showed the highest
OCT4 expression. However, on PB-MSCs, OCT4
was minimally expressed when compared with
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CD133* cells. The expression of REX1 on
CD133* and CD271" cells did not show any dif-
ference, and it was not detected on PB-MSCs.
NOCHT1 showed a significantly high expression
on CD133" cells and no difference between
CD271" cells and MSCs. PAX6 was detected on
CD271" cells only. Significant differences (*P <
0.001) between PB-MSCs and PB-CD133 or
PB-CD271 are shown on Figure 1A.

Pluripotential gene expression in samples from
lipoaspirate

MSCs as well as the subpopulations obtained
from lipoaspirates expressed all the stemness
genes (Figure 1B). Nevertheless, the expres-
sion of pluripotential genes was highest on
CD133* and CD271" cells when compared with
that observed on MSCs. Among those select
subpopulations, there was a notorious expres-
sion variability. CD271" cells highly express
NANOG and REX1 genes, and CD133* cells
showed high expression of NOCHT1 and SOX2
genes. The other genes were expressed but
without any significant difference.

Am J Stem Cells 2018;7(2):38-47
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Comparison stemness genes expression be-
tween CD133 and CD271 from PB and AD
samples

Different expression levels were also observed
in pluripotential genes on subpopulations ob-
tained from peripheral blood compared with
the expression observed from those subpo-
pulations from lipoaspirates samples. Due to
great variations for the same gene observed
between donor samples, we considered signifi-
cant only those with a P < 0.001. NANOG
expression was higher on PB-CD133"* cells and
it, was also high on AD-CD271* cells. Differential
expression of OCT4 was detected in all subpop-
ulations from both sources, being highest on
PB cells. REX1, although expressed on CD133*
and CD271" cells, showed higher levels on
PB-CD133"* cells. All the subpopulations tested
expressed NOTCH1 without any significant dif-
ference in its expression. No difference in the
expression of SOX2 was detected between
PB-CD133* and AD-CD133* or PB-CD271" cells
(Figure 2).

Discussion

All groups of cells studied in the present work
shared the characteristics of stem cells accord-
ing to Dominici et al. [16], such as self-renewal,
pluripotential capacity, and expression of mem-
brane markers such as CD73, CD9O, and
CD105 and, were negative for CD45. However,
the expression of CD133 or CD271 were mutu-
ally excluded, which implicate two different
stem cell subtypes.

Even though all cell subgroups were capable of
forming CFUs at the same time as the culture
reached confluence, there were important dif-
ferences in the time-response to self-renew.
Possibly, each group of cells has a different cell
cycle status, where the response of particular
cells depends on their quiescent condition. In
fact, it has been suggested that CD271" cells
are the most primitive cells; however, because
of the delayed self-renewed response of
CD133, they could be conceive as even more
primitive. The major response for achieving
confluence was observed in MSC cultures.
These observations suggest a possibility of a
paracrine effect between subpopulation in
order to stimulate its self-renewal capacity.
Despite the delay in self-renewal of cultures
from AD-MSCs as well as PB-MSCs, there was a
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significant increase in CFUs formation in rela-
tion to time. The differences in CFU formation
by cells bearing different membrane markers
have already been described. A previous report
comparing the capacity to form CFUs from bone
marrow isolated according to two markers,
MSC-CD105* and MSC-CD271*, showed that
CFU-F colonies were highest in CD271-positive
fractions when compared with those bearing
CD105* and five times more than those in bone
marrow MSCs [17]. Another report of CFU for-
mation from cells bearing the antigen CD34
showed the formation of CFUs. However, the
authors suggested that although this antigen
belong to the precursors of the hematopoietic
and stromal systems that share the expression
of CD34", it must be also expressed on non-
hematopoietic cell types [18]. Reports compar-
ing the proliferation potential of CD133* and
CD34* populations from bone marrow and
mobilized peripheral blood have demonstrated
the highest CFU potential from CD133* cells
when compared with those CD34 cells obtained
from peripheral blood [19]. Despite all these
reports, the major CFU potential from our work
was observed in MSCs from both sources,
which reached confluence in less time. This
could be a consequence of the paracrine rela-
tionship between the subpopulations.

All the cell subgroups studied here expressed
stemness genes associated with cell self-
renewal; nevertheless, there was a significant
difference in the magnitude of expression not
only between cell subpopulations but also
between donors. Even though the group of
donors were carefully selected in terms of age
and health, the results showed that there are
other unidentified intrinsic factors that could
be responsible for the great variation observed
in stemness gene expression. Furthermore,
results from both sources showed a significant-
ly high expression of REX1, NOTCH1, OCT4, and
SOX2 on cells bearing CD133 and CD271 mem-
brane markers, compared with that on MSCs.
Among this subgroup of cells, OCT4 expression
was highest on PB-CD133* cells. Tondreu et al.
[20] observed a similar expression of OCT4
when it was compared between MSCs and
CD133* cells obtained from umbilical cord
blood, as well as between MSCs and CD133*
cells obtained from mobilized peripheral blood.
This could represent an important advantage
for their application in cell therapy protocols.
Because OCT4 gene is well known to promote
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Figure 3. Graphic representation that suggest the use of the best Stem Cell choice as defined by cell surface mark-
ers and source to specific tissue differentiation. The figure demonstrates that CD133* cells obtained from blood
represent the best option for differentiation protocols aimed at neurodegenerative disorders, and CD271* cells from
either source (blood or fat tissue) to protocols for muscle regeneration.

the conversion of peripheral blood cells into
neural progenitor cells, as well as fibroblasts
into oligodendrocytes [21-23]. Also there is a
report that fibroblast can be induded to adipo-
genic, neurogenic and hepatogenic lineages by
direct reprogramming of Oct4 [24] (Figure 3).

Although cells obtained from peripheral blood
bearing CD133 membrane marker do not
express NESTIN, the protein can be induced by
cell incubation with neuro-induction medium,
given a prompt response that can be detected
as early as 2 h [25]. Nestin is an important cyto-
skeletal protein in the developing central ner-
vous system; it is present in neural stem cells
and in general is a requirement for the prolifer-
ative state [26]. Nestin is an intermediate fila-
ment protein expressed in dividing cells during
the early stages of development on several tis-
sues. Upon differentiation, nestin becomes
downregulated and is replaced by tissue-specif-
ic intermediate filament proteins [27].

For the above characteristic, it has been used
as a marker on cancer cells [28]. At the same
time, nestin expression In addition, NESTIN ex-
pression induces the inhibition of P53 expres-
sion, the factor controlling anti-proliferative
responses and cell death, this provides addi-
tional advantage by protecting them from death
by apoptosis during their proliferation phase
[29].
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Several reports have shown the capacity of
CD133* stem cells to differentiate into preneu-
rons [30, 31]. Reports of neural progenitor cells
isolated from the embryonic forebrain showed
that these cells co-express SSEA4 and CD133
[32]. Spatial distribution of prominin-1 (CD133)-
positive cells within germinative zones of the
vertebrate brain has been determined by Jaszai
et al. [33]. In addition, axon growth from the
cortex to the spinal cord was significantly pro-
moted in cultures after CD133* cell transplan-
tation [34]. According to Zangiacomi [35], only
CD34 cells from CD133* fraction from CB
possess neuronal potential by which human
cord blood (CB) CD133* cells lose their hemato-
poietic signature and are converted into CB-
induced neuronal-like cells (CB-iNCs) by the
ectopic expression of the transcription factor
SOX2 [36]. All about must be arguments to
applied CD133 cells for remplace those cells
lost during a neurodegenerative disease.

In vivo studies showed that CD271 mesenchy-
mal stromal cells promoted significantly greater
lymphoid engraftment than did plastic-adher-
ent mesenchymal stromal cells when co-trans-
planted with CD133* hematopoietic stem cells
at a ratio of 8:1 in immunodeficient NOD/SCID-
IL2Rgamma (null) mice [37]. Our results show
that the expression of CD133* or CD271" were
mutually exclusive, which implicate two differ-
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ent stem cell subtypes. It is also important to
consider whether a mixture of cells bearing
CD133 and CD271 markers could represent a
synergic relationship and as consequence, a
better option for engraftment and trans-differ-
entiate during its application on stem cell
protocols.

In skeletal muscle, satellite cells are residential
muscle tissue stem cells. These remain in the
tissue as a pool of quiescent cells responsible
for maintenance, repair, and regeneration [38,
39]. On those cells, the Notch-signaling path-
way is involved in the activation and prolifera-
tion by maintaining the stem-cell pool in the
quiescent state [40]. Then, if CD271" cells
express significate less NOCTH1, these cells
could be a better option to repair damage mus-
cle tissue (Figure 3).

REX1 was important to analyze because it is a
critical factor for pluripotentiality, and maintain
stem cells in an undifferentiated state [41]. On
the current research, the analyzed subpopula-
tion harvest from peripheral blood, showed
highest expression of REX1, compared with
those subpopulations harvest from adipose
tissue. These results could indicate an advan-
tage for their use, over cells obtained from
lipoaspirates.

Another important transcription factors for plu-
ripotentiality are NANOG and SOX2, on the sub-
population analyzed, AD-CD271" show the less
expression for SOX2. Nevertheless, NANOG
was similar in AD-CD271* to PB-CD133".

In conclusion, all the cell subpopulations have
the capacity of self-renewal, and express the
stemness genes. Being PB-CD133* apparently
the group of stem cells with high stemness
gene expression. Based on those differences,
it is important to find out if some of the
subpopulation of MSCs such as CD133* or
CD271" cells are more prone to respond to dif-
ferentiation to a specific tissue, and as conse-
quence provide a better option for cell therapy
protocols.
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