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ABSTRACT

Research on adult stem cells has been a great deal of excitement. The candidate stem
cells present in the adult tissues are the hematopoietic and mesenchymal stem cells.
However, there exist other heterogenous cell such as side population (SP) and
endothelial progenitors (EP) that has the properties of repair and regeneration. Much
work pertaining to these subpopulations is at its infancy and more research in clinical
practice is of utmost important. Thus, the objective of this work is to find out whether
subpopulations exist in bone marrow in higher percentage and play a vital role in tissue
repair and regeneration. To test this hypothesis, we characterized stem cell populations
versus subpopulations including EP cells and SP cells from Bone Marrow samples (n =
5). Surprisingly, we found that the mean of Endoglin CD105+ CD34-, CD105+ CD90 -
for EP cells was found to be 41.68% and 35.88% respectively. The mean of ABCG2+
and CD117+ SP cells was found to be 3.58% and 4.34%. These results confirm the
hypothesis and emphasize on the fact that migration at the site of injury in vivo and
recovery not only depends on the candidate stem cells but also require the heterogenous
subpopulation cells to regulate the candidate stem cells because of the wide plasticity
and common precursor called hemangioblast. Thus, we conclude that the
subpopulations of especially ABCG2 + and CD105+ found to be a potent source of
repair mechanism and hence need to be more focused on research.

Key words: Hematopoietic Stem cells, consequently, an important scientific
Mesenchymal stem cells, ABCG2+ subject.” It has already been proved that
Side population cells, Endoglin, most promising stem cell source in
Fluorescent Activated Cell Sorter. clinical practice is represented by bone
marrow with more focus on candidate

INTRODUCTION stem cells especially HSC and MSC.*

The therapy through cell transplant has However, recent development in stem
been developed based on the adult cell biology has demonstrated the
multipotent stem cell that is becoming, presence of sub population cells,
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especially side population (SP) cells
and endothelial progenitor (EP) cells
along with stem cells which is said to
possess the properties of repair and
regeneration.” % *

Side population cells were first
identified as a subpopulation of very
primitive CD 34 negative
hematopoietic stem cells (HSCs) with
long term hematopoietic repopulation
activity, which was characterized by
their capacity to efflux Hoechst 33342
and was acquired by the expression of
the ATP-binding cassette transporters
such as Berp 1 / ABCG2.> ° This has
been identified to produce a
characteristic SP profile on basis of
FACS analysis, regardless of tissue
origin. Isolation of SP cells by the Ho-
dye and FACS technique has been
reported in Muscular tissue®, Liver’,
Lung®, Skin®, uterus'®,  Testis",
Cornea™ and Bone marrow?,

Apart from the side population cells,
important subpopulation cells found to
possess  repair  mechanism  and
neovascularization is  Endothelial
Progenitor cells that circulate in adult
tissues.” According to the initial
discoveries, EPC are defined as cell
positive for both hematopoietic stem
cell marker such as CD34+ and an
endothelial marker protein VEGFR2 as
this endothelial progenitor cells have
consequently been considered to device
from a common precursors putatively
termed a hemangioblast.® Asahara and
colleagues published that purified CD
34+ hematopoietic progenitor cells
from adults can differentiate ex vivo to
an endothelial phenotype.*® Much work
does not exist on cell surface

characterization and importance of EP
cells and SP cell in Bone Marrow.
Moreover, focus on homogenous
candidate stem cells by sorting of CD
34+ HSC by FACS", lineage depletion
by MACS™ * and expansion of MSC
in culture”® gained importance in cell
therapy.

Hence, we speculated that heterogenous
subpopulation cells play a vital role in
repair mechanism and faster
engraftment by regulating stem cell
population of Bone marrow and not
homogenous stem cells like HSC and
MSC alone possess cytotherapeutic
potential. To test this speculated
hypothesis we analyzed the percentage
of subpopulation cells especially CD
105+ Endothelial cells and
CD117+ABCG2+ side population from
Bone marrow ( n=5) mononuclear cells
in comparison with CD34+ HSC and
CD90+ MSC using FACS. The results
demonstrated in this study provide
evidence for our speculation. However,
further research is required to address
our speculations to make bone marrow
mononuclear cell therapy successful.

MATERIALS AND METHODS

Reagents used:

The following antibodies conjugated
with  corresponding  flurochromes
(CD34-PE; Cat No: 348057, CD117-
PE-Cy7; Cat No: 339195, CD-90-PER-
CP-Cy5; Cat No: 555597, Cell viability
dye 7-AAD; Cat No: 555816) were
purchased from BD Biosciences,
(http://www.bd.com/).  CD105-APC;
Cat No: 17-1057 and ABCG2-PE; Cat
No: 12-8888 were purchased from
eBioscience, (www.ebioscience.com).
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Ficoll Pague Plus; Cat No: 07917 were
purchased from stem cell technologies,
(www.stemcell.com). Phosphate Buffer
Saline (PBS); Cat No: TL1032 were
purchased from Himedia.

Bone marrow collection:

Human Bone marrow samples were
obtained from the iliac crest of 5
patients with spinal cord injury —
paraplegia who was aged between 25 —
40 years and who had applied for a stem
cell transplantation procedure after the
approval  of Institutional ethics
committee. Formal written consent
from the donors was obtained before
collection. About 10 ml of BM aspirate
were collected in a syringe containing
heparin to prevent coagulation.

Isolation procedure:

The bone marrow sample was diluted
1:2 with 1 X Phosphate Buffer Saline
(PBS) and carefully layered on to Ficoll
Paque (1.077g/mL) slowly along the
sides of the tube at 45° angle to isolate
Bone marrow Mononuclear cells
(MNCs). The MNCs were isolated by
density gradient centrifugation (400g,
30 minutes, room temperature). Further,
cells were washed twice with PBS
(4509, 10 minutes, room temperature)
to remove residual Ficoll and other
contaminants.  The  pellet  was
resuspended with RBC lysis buffer
solution for 10 minutes and
immediately treated with 0.9% cold
NaCl to stop the lysis reaction and
centrifuged (300g, 5 minutes, 4° C).
Cell viability was determined using the
Trypan blue dye exclusion method
using hemocytometry. The

mononuclear cells were characterized
for various hematopoietic,
mesenchymal and subpopulation cells
with its surface markers using
flowcytometry.

Flowcytometric protocol for
characterization:

Flow cytometry was performed on a
Becton, Dickinson FACS  Aria
(http://www.bd.com/) using a 488-nm
argon-ion LASER and 632nm red
LASER for excitation; fluorescence
emission was collected using its
corresponding detectors. 1X10° cells
were stained with appropriate amount
of conjugated antibodies in each of
12X75 mm falcon polystyrene FACS
tube, BD Bioscience; Cat No: 352054.
The quantity of each antibody
conjugated with fluorochromes added
to the cells in each tube were 20ul of
CD34-PE, 5ul of CD90- PER CP CY5,
20ul of CD 105-APC, 5ul of CD117-PE
CY7, 20ul of ABCG2-PE, 20ul of 7-
AAD (BD Via probe), respectively. All
tubes were incubated for 20 minutes in
dark. After incubation, cells were
washed in phosphate buffer saline to
remove the unbound antibodies. The
pellet was further resuspended to 500pl.
Data analysis and acquisition was then
performed using DIVA Software,
Becton Dickinson. Flow cytometer
instruments were set using unstained
cells. Cells were gated by forward
versus side scatter to eliminate debris.
The number of cells staining positive
for a given marker was determined by
the percentage of cells present within a
gate established. A minimum of 10 000
events was characterized and recorde
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RESULTS
Figure 1: Differential count analysis before and after Mononuclearcell (MNC)
isolation
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Table 1: Comparison of differential count analysis before and after MNC isolation
from bone marrow

BEFORE AFTER
POPULATION PROCESSING PROCESSING
Lymphocytes 32.90% 65.20%
Monocytes 3.70% 7.30%
Granulocytes 40.50% 0.20%

* Granulocytes reduced much after processing

It is clear from the flowcytometric differential count analysis that the isolated
mononuclear cell from bone marrow is devoid of contaminants especially granulocytes
and other debris after processing (Figure 1& Table 1).
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Figure 2: Flowcytometric analysis of stem cell versus endothelial progenitor
Cells
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Bar Diagram 1: Flowcytometric results of stem cell vs. endothelial progenitor cells
for all samples (n=15)
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Percentage of CD 105+ CD 90- and CD 105+ CD 34- population was found to be 52.7
and 43.4% (figure 2) and the mean value of 105+ CD 90- and CD 105+ CD 34- (n = 5)
was found to be 41.68% and 35.88% (Bar diag 1)
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Figure 3: Flowcytometric analysis of Side population cells
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*Evidence of high SP cells in Bone marrow from all 5 samples

Similarly the percentage of side
population CD117+ABCG2-,
ABCG2+CD117- and

CD117+ABCG2+ cells was found to be
5.8 %, 3.9% and 2.7% respectively (
Figure 3) and the mean value was

18

represented by 4.34 %, 3.58% and
2.48% respectively (Bar diagram 2).
This emphasizes on the fact that Bone
marrow MNC characterization showed
more percentage of EP cells and SP
cells compared to candidate stem cells.
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DISCUSSION

It has already been proved that Bone
marrow is the promising source of stem
cell therapy with presence of HSC and
MSC?. The Efficiency of the processed
mononuclear cell from Bone marrow is
of utmost importance before cellular
characterization or cellular transplant.
Thus in our study to confirm whether
processed Bone marrow MNC (n=5)
are devoid of contaminants and is
highly efficient for further research and
therapy, we performed a differential
count analysis before and after MNC
processing (Figure 1, Table 1). Though
granulocytes live only ~10hrs in
circulation, there  exist  many
complications of granulocyte interface
with MNC. It might even disrupt the
stem cells from further engraftment.
Hence, we emphasize on the fact that
this must be an essential step for any
researcher working on MNC isolation
for cell transplant or research to yield
better and efficient result.

Recently, focus on homogenous
candidate stem cells by sorting of CD
34+ HSC by FACSY 8 lineage
depletion by MACS® and expansion of
MSC in culture® # has gained
importance in research for cellular
transplant than mononuclear cell
(MNC) therapy. However, homogenous
HSC population or MSC from Bone
marrow has a vast disadvantage. MSC
decreases as age increases” and
phenotypic variations exist in each
MSC  population  from  various
sources.”®  Likewise, pure HSC
population exhibit less percentage and
are not plastic as well compared to
heterogenous MNC.?* Moreover, by

isolating or sorting pure HSC/MSC
population  for transplant, faster
engraftment and recovery might not be
fully satisfied.

Existing evidence suggests that EP cells
of CD34+CD133+Flk+ pOSsess
efficient  repair ~ mechanism  of
neovascularization in Ischemia.* ** *
Much work on EP cell plasticity is not
widely studied and CD 105+ Endoglin
which is said to be putative EP cell
population is also not much focused in
research. Likewise, Presence of side
population cells has been shown in
many adult tissues and the SP
phenotype might be represented as a
common molecular regulatory feature
for a wide variety of stem cells.
However, importance of
CD117+ABCG2+ SP cell research
exists much only on tumor cell not in
bone marrow cells.?> %

Thus we speculated that Bone marrow,
being heterogenous, not only contain
HSC/MSC but also subpopulation
especially EP & SP cells which serves
to be an effective repair mechanism. To
confirm our speculated hypothesis, in
our experiment, we analyzed the
percentage of subpopulation cells
especially CD 105+ EP cells and
CD117+ABCG2+ SP cells from Bone
marrow ( n= 5) mononuclear cells in
comparison with CD34+ HSC and
CD90+ MSC using FACS. The results
demonstrated in this study provide
evidence for our speculation. We found
that Bone marrow MNC contain more
percentage of CD 105+ EP cells
compared to CD105+ cells obtained
from other research works of Takayuki
Asahara et al'®. We also found that
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CD105+ EP cell percentage is found to
be much higher compared to
CD34+CD133+ EP cells obtained from
Carmen Urbich et al, 2006 and Mihali
Hristov et al, 2003* . Similarly,
several researchers have demonstrated
that the percentage of SP cells from
bone marrow ranges between 0.01- 3.0
%.>° In contrast to the existing data, the
percentage of ABCG2+CD117+ SP
cells in our results from all 5 samples
was found to be much higher (Figure
3& Bar diagram 2).

Moreover, the percentage of CD105+
and CD117+ABCG2+ from bone
marrow is found to be higher than the
percentage obtained from stromal
vascular fraction of subcutaneous and
omentum fat tissue from our previous
research work.?” This confirms that the
Subpopulation cells are exhibited in
higher percentage in bone marrow
compared to adipose tissue.

Finally it is evident from our research
work that the migration at the site of
injury and recovery in vivo not only
depends on the candidate stem cells (
HSC and MSC) but also require the
heterogenous subpopulation (EP and
SP) cells to regulate the candidate stem
cells. Thus, we emphasize that Bone
marrow mononuclear cells are the best
source of clinical transplants unlike
homogenous HSC and MSC population
because of the vast heterogeneity and
plasticity. However, further research on
these subpopulation cells will bring this
work closer to clinical applications.
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