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Stem cells are known to have the ability to renew themselves and differentiate into a diverse range of
specialized cell types. Currently, the differentiation potential of human peripheral blood mononucleated
cells in suspension as stem cells is not well-understood. The aim of this study was to investigate the
differentiation potential of suspension mononucleated cells from human peripheral blood to
differentiate. The osteoblast and osteoclast differentiation potential of suspension peripheral blood
mononucleated cells were examined by molecular, biochemical and cell morphology analyses. The
expression of osteoblast marker (osteonectin, SPARC) and osteoclast marker (tartrate resistant acid
phosphatase, TRAP) as well as high alkaline phosphate (ALP) and TRAP enzyme activity were observed
at days 14 and 10 of osteoblast and osteoclast differentiation, respectively. Morphology analyses
showed that mononucleated cells successfully differentiated into osteoblasts and osteoclasts. The
existence of stem cells in mononucleated cells was evaluated by the expression of a stem cell factor
(KIT) and a haematopoietic stem cell marker (signalling lymphocytic activation molecule family member
1, SLAMF1). This study has shown that these suspension mononucleated cells possess differentiation
potential through in vitro study. Human peripheral blood suspension mononucleated cells that have
multi-lineage differentiation potential may provide a new source of stem cells that may be used for bone
regeneration and tissue engineering applications.

Key words: Peripheral blood, osteoblast cells, osteoclast cells, osteoblast differentiation, osteoclast
differentiation.

INTRODUCTION

Stem cells are unspecialized cells that have two defining
properties: The ability to differentiate into other cells and
the ability to self-regenerate. Consequently, they are the
most versatile and promising cell source for the
regeneration of aged, injured and diseased tissues (Lutolf
et al., 2009; Shahrul Hisham et al., 2005 a,b). There are
two types of mammalian stem cells: embryonic stem cells
that are isolated from the inner cell mass of blastocysts
and adult stem cells that are found in adult tissues.

*Corresponding  author.  E-mail:  hisham@ukm.my  or
shahroy8@gmail.com. Tel: 603-89214361. Fax: 603-89252698.

Embryonic stem cells can develop into virtually all cell
types of the body because they are pluripotent. Adult
stem cells are thought to be limited to differentiate into
different cell types of their tissue of origin (multipotent).
However, stem cell research has been highly
controversial due to the ethical issues concerned with the
culture and use of stem cells derived from human
embryos. Nowadays, adult stem cells become the focus
of stem cells research as they offer hope for cell therapy
to treat diseases in the future and ethical issues do not
impede their use.

In this study, mononucleated cells from peripheral
blood as the source of adult stem cells were subjected to
differentiate into osteoblast and osteoclast instead of the



more common source, bone marrow. Peripheral blood is
well known as one of the main hematopoetic stem cell
(HSC) sources other than bone marrow (Arslan and
Moog, 2007). Peripheral blood can be widely used as a
source of stem cells because these cells offer several
advantages, such as being easier and commonly
collected than bone marrow, which must be extracted
from within the bone.

Previous work done by Wang et al. (2006) had only
analysed adherent cells as peripheral blood stem cells.
Therefore, in this study, we investigated differentiation
potential of human mononucleated cells in suspension
instead of adherent cells as source of stem cells. Adult
stem cells are multipotent stem cells. To determine
multipotency of suspension mononucleated cells, osteo-
blast and osteoclast differentiation were done as
osteoblast originated from mesenchymal stem cells
lineage and osteoclasts were originated from haemato-
poietic stem cells lineage. Our results demonstrated that
mononucleated cells in suspension have potential to
differentiate into multilineage bone cells (osteoblast and
osteoclast). Thus, can be used as a source of cell-based
therapy.

MATERIALS AND METHODS

Isolation and proliferation of suspension mononucleated cells
from human peripheral blood

Peripheral blood mononucleated cells were isolated using the
Ficoll-Pague density-gradient separation method. Human peripheral
blood samples were obtained from 18 to 25-year-old healthy donors
following the collection of consent from the donors and approval
from the ethical committee of Faculty of Science and Technology,
UKM. The blood samples were diluted three times with Hanks’
balanced salt solution (Sigma, USA). The dlluted blood samples
were carefully layered 1:1.5 on Ficoll-Paque™ PLUS (GE
Healthcare, Sweden) and centrifuged at 400 g for 20 min at room
temperature. The mononucleated cells layer at the plasma-Ficoll
interface were washed three times with phosphate buffer saline
(PBS) and cultured in 6-well plates with complete medium
containing alpha medium essential medium (AMEM), 2% (v/v)
penicillin-streptomycin and 10% (v/v) new-born calf serum (NBCS)
at 37°C in a humidified atmosphere containing 5% CO- for 4 days.
After 4 days culture, non-adherent (suspension) mononucleated
cells were ftransferred into new plates and maintained in the
complete medium with twice weekly medium exchange for another
3 days to give a total of 7 days in vitro culture selection before
being further used.

Reverse-transcriptase polymerase chain reaction (RT-PCR)
amplification

Total RNA was extracted using TRI Reagent™ (Sigma, USA)
following the manufacturer’'s instructions. Mononucleated cells
cultured in complete, osteoblast differentiation or osteoclast
differentiation medium were harvested at day 7, 10 or 14,
respectively. One microgram of total RNA was subjected to RT-
PCR amplification using an Access RT-PCR system kit provided by
Promega, USA. First-strand complementary DNA (cDNA) was
synthesised by reverse transcription at 45°C for 45 min and

Ab Kadir et al. 10757

followed by Avian myeloblastosis virus reverse transcriptase

inactivation at 94°C for 2 min. Second-strand cDNA synthesis and
PCR amplification consisted of 40 cycles of denaturation at 94 °C for
30 s, primer annealing at 55°C (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH), 54°C (signalling lymphocytic activation
molecule family member 1, SLAMF1), 53°C (stem cell factor, KIT),
55°C (osteonection; SPARC) or 58°C (tartrate resistant acid
phosphatase, TRAP) for 1 min and extension at 68°C for 2 min,
with a final cycle at 68°C for 7 min. The specific primer sequences
used were as follows: (GAPDH) [FCCATGGAGAAGGCTGG®
(sense) and SCAAAGTTGTCAGGATGACC?® (antisense)], SLAMF1
[PCTCTGCGTTCTGCTCCTAC® (sense) and 5’TTGGTCACTTCTG
GGTCTG® (antisense)],  KIT [PTCCTTGACCTTCGTGCTGT®
(sense) and *CCTTCCTGCTTTCCCGTAT?® (antisense)], SPARC
["GCAGAGGAAACCGAAGAGG® (sense) and °TTGTGGCAAA
GAAGTGGC® antlsense]s and TRAP [°GACCACCTTGGCAA
TGTCTCTG® (sense) and *TGG CTG AGG AAG TCA TCT GAG
TTG® (antisense)]. GAPDH was used as positive control. RT-PCR
amplifications were performed in Mastercycler Gradient
thermocycler (Eppendorf, Germany). The PCR products were
separated by 1% (w/v) agarose gel electrophoresis. The separated
DNA fragments were visualised by ethidium bromide (EtBr) staining
and photographed using the alpha imaging system (Alpha Innotech,
USA) under UV light.

The PCR products were gel-eluted using the Wizard SV gel and
purification clean-up system (Promega, USA) before being ligated
into the pGEM-T easy vector system (Promega, USA). The
plasmids containing specific genes were identified by DNA
sequencing using the BigDye terminator sequencing kit (Applied
Biosystems, USA) and confirmed by comparison of the cloned
human sequence to known sequences (GenBank/EML database)
using the BLAST server at NCBI.

Differentiation of mononucleated cells into osteoblasts and
osteoclasts

Suspension mononucleated cells were seeded at 1.0 x 10° cells mI
"in 24-well plates (BD Bioscience, USA) for differentiation. Cells
cultured in complete medium were supplemented with
differentiation factors; 50 ug/ml ascorbic acid (Sigma, USA) and 10
mM B-glycerophosphate (Sigma, USA) for 14 days to induce
differentiation into osteoblasts. For osteoclast differentiation,
complete medium were supplemented with growth factors; 50 ng/ml
recombinant soluble receptor activator of nuclear factor kappa B
(NF-kB) ligand (sRANKL) and 25 ng/ml macrophage-colony
stimulating factor (M-CSF) and then cultured for 10 days. Both
cultures were maintained at 37°C in a humidified atmosphere
containing 5% CO,. Cells cultured in complete medium without
differentiation/growth factors were used as control.

Alkaline phosphatase (ALP) enzyme activity assay

For ALP enzyme activity assays, the cultures were washed with
PBS (Sigma, USA). The cells then were incubated in 0.1 M
NaHCO3-NaCOs buffer (pH 10), containing 0.1% (v/v) Triton X-100,
2 mM MgSO, and 6 mM p-nitrophenol phosphate (pNPP) (Sigma,
USA) for 30 min at 37°C. The reaction was stopped by adding 1 ml
1.5 M NaOH (Sigma, USA) and the absorbance was measured at
405 nm. The ALP activity is represented as specific activity. The
specific activity was determined by unit activity per total protein
content (mg). Protein content was assessed by using Bradford
method. One unit of ALP activity represents the hydrolysis of 1 yM
pNPP per minute at 37°C. The ALP specific activity was presented
in percentage value, which was compared with ALP specific activity
in control cells (cells culture in complete medium) that act as basal
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activity (100%).

Tartrate-resistant acid phosphatase (TRAP) enzyme activity
assay

The cultures were washed with PBS and sodium acetate buffer (50
mM, pH 5.5) containing Triton X-100 (0.1% v/v) was added. The
culture were then stored at -20°C. Cell extracts were collected and
centrifuged after thawing. Protein content and TRAP enzyme
activity were assayed in the supernatant of cell extracts. Protein
content was assessed by using Bradford method. TRAP enzyme
activity were assayed in cell extracts and in conditioned medium
using pNPP as a substrate in an incubation medium (1 ml)
containing the following components: 10 mM pNPP, 0.1 M Na-
acetate (pH 5.8), 0.15 M KCI, 0.1% (v/v) Triton X-100, 10 mM Na-
tartrate, 1 mM ascorbic acid and 0.1 mM FeCls. The mixture was
incubated for 1 h and the reaction was stopped by adding 0.3 M
NaOH. The absorbance was immediately read at a wavelength of
405 nm. One unit of TRAP activity hydrolyses 1 uM pNPP per
minute at 37°C. The TRAP specific activity was presented in
percentage value, which was compared with TRAP specific activity
in control cells (cells culture in standard growth medium) that act as
basal activity (100%).

Morphology analyses

Approximately 1 x 10° cells/well in 24-well plates (BD Labware,
England) were washed with PBS and centrifuged at 76 g for 5 min,
25°C. Von Kossa and May Grunwald-Giemsa staining was done for
observing osteoblast and osteoclast cells, respectively.

Von Kossa staining was carried out by fixing the cells with 10%
(v/v) formalin in PBS for 30 min and washed with deionised distilled
water (ddH20) three times. Then, the cells were stained with freshly
prepared 5% (v/v) silver nitrate (Sigma, USA) solution for 30 min
and washed well with ddH.O three times. Next, the cells were
developed with fresh 5% (v/v) sodium carbonate (Sigma, USA) in
25% (v/v) formalin more than 5 min for mineral and matrix staining.
After three washes with ddH»O, the cells were finally fixed with 5%
(v/v) sodium thiosulfate (Sigma, USA) for 2 min to remove un-
reacted silver nitrate. Finally, the cells were washed well with
ddH,0 three times and air-dried.

For May Grunwald-Giemsa staining, the slides were immersed in
100% (v/v) May-Grunwald for 2.5 min. The slides were then
transferred directly to 4% (v/v) Giemsa for 2.5 min and briefly rinsed
with distilled water. Excess dye was wiped and air-dried. The von-
Kossa and MayGrunwald-Giemsa stained areas were viewed by
light microscopy. The percentages of differentiated cells were
calculated based on approximately 100 cells counted randomly
from each slide. Each photomicrograph was representative of 3
independent experiments with actual magnifications of 400x.

RESULTS

Stemness of human peripheral blood mononucleated
cells

The stemness of isolated mononucleated cells was deter-
mined by expression of a stem cell factor (KIT gene) and
a haematopoietic stem cell marker (SLAMF1). As shown
in Figure 1b, the control mononucleated cells were
positive for the presence of KIT and SLAMF1 genes,
whereas these genes were not expressed in mono-
nucleated cells cultured in osteoblast and osteoclast

differentiation medium for 14 and 10 days, respectively.
The RT-PCR showed amplification of products of the
expected size for SLAMF1 (403 bp) and KIT (316 bp).
The GAPDH gene was expressed in both mononucleated
cells cultured in complete (undifferentiated mono-
nucleated cells) osteoblast and osteoclast differentiation
(differentiated mononucleated cells) mediums, as shown
by the RT-PCR product of 195 bp (Figure 1a).

Expression of osteoblast and osteoclast molecular
marker in differentiated mononucleated cells

Mature osteoblasts and osteoclast cells are characterised
by the expression of specific gene markers. SPARC and
TRAP has been considered an important marker in
osteoblastic (Ishigaki et al., 2002) and osteoclastic
differentiation (Shi et al., 2004) respectively. RT-PCR
was performed to confirm the expression profiles of these
genes before and after differentiation. By RT-PCR
analysis, we observed that mononucleated cells cultured
in osteoblast differentiation medium for 14 days were
positive for SPARC activation with a size of 211 bp, in
contrast to mononucleated cells cultured in complete
medium (Figure 1c). For the osteoclast differentiated
cells, the expression of TRAP (176 bp) was detected only
in mononucleated cells after being cultured in osteoclast
differentiation medium (Figure 1d). All experiments were
controlled by GAPDH expression.

Biochemical analysis of differentiated

mononucleated cells

ALP enzyme activity assay was carried out to measure
osteoblast differentiation while for osteoclast differen-
tiation; TRAP enzyme activity assay was done. All
biochemical assays were conducted simultaneously on
days 0, 3, 5, 7, 10 and 14 for osteoblast differentiation
and 0, 3, 5, 7 and 10 for osteoclast differentiation. Figure
2 shows the percentage of ALP activity during osteoblast
differentiation. Mononucleated cells cultured in osteoblast
differentiation medium were positive for ALP enzyme as
the enzyme activity gradually increased from day 3 to day
14 of osteoblast differentiation. A significant (p < 0.05)
increase were observed at day 7, 10 and 14 when com-
pared with control cells at the same day which indicate
that mononucleated cells were successfully differentiated
to osteoblasts. However, ALP and TRAP activities were
observed in osteoblast differentiation. TRAP enzyme
activity shows an increment from day 3 to 10 of during
osteoclast differentiation (Figure 3). There was a
significant increased of TRAP activity at days 7 and 10 of
osteoclast differentiation, indicating that the mono-
nucleated cells differentiated into osteoclasts. In contrast,
control cells proved to lack detectable of TRAP activity.
Control cells were mononucleated cells cultured in
complete medium without differentiation factors or growth
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Figure 1. RT-PCR analysis on undifferentiated mononucleated and differentiated mononucleated cells. Total RNA was
isolated from mononucleated cells cultured in complete (undifferentiated mononucleated cells), osteoblast and osteoclast
differentiation medium (differentiated mononucleated cells). (A) The expression of GAPDH (195 bp), the housekeeping
gene, was used as positive control for RT-PCR analyses; (B) the experssion of KIT (316 bp) and SLAMF1 (403 bp) of
undifferentiated cells indicate the stemness of the cells; (C) the expression of SPARC (211 bp) and TRAP (176) as
osteoblast and osteoclast marker respectively; (D) the labelled 100 bp DNA ladder to identify the approximate size of RT-

PCR products.
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Figure 2. Percentage of ALP specific enzyme activities during osteoblast differentiation. ALP specific enzyme
activitiy was assayed during 0, 3, 5, 7, 10 and 14 days of osteoblast differentiation. (*) indicates a significant (p <
0.05) increase of ALP enzyme activity when compared with control cells using a paired t-test. Results are presented

as mean £ SD (n = 3).

factors. Each experiment was done on triplicate measure-
ments.

Morphology analysis of differentiated cells

An osteoblastic morphology was acquired by the depo-
sition of mineralized extracellular matrix as demonstrated
with Von Kossa staining (Figure 4a). The bone nodules
containing mineralized extracellular matrix will be stained
black or dark brown from the von Kossa staining
procedure. When fewer developed nodules are present,

the matrix will be stained yellow to brown in colour. As
shown in Figure 4a, cells that were stained dark brown or
black were increased upon time of differentiation. No
mineralized matrix could be detected in the un-
differentiated mononucleated cells at day 0 of osteoblast
differentiation. The osteoblastic morphology was further
assessed by calculating the percentage of mono-
nucleated cells that successfully differentiate into
osteoblast cells. Figure 5 shows the percentage of
mineralized cells. At day 7, ~35% of the mononucleated
cells were differentiated into osteoblasts, while at day 14
of differentiation, the percentage increased to ~78%.
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Figure 3. Percentage of TRAP specific enzyme activities during osteoclast differentiation. TRAP specific
enzyme activity was assayed during 0, 3, 5, 7 and 10 days of osteoclast differentiation. (*) indicates a
significant (p < 0.05) increase of TRAP enzyme activity when compared with control cells using a paired t-

test. Results are presented as mean £ SD (n = 3).

These results showed that the percentages of differen-
tiated osteoblasts cells that were stained dark brown or
black were increased upon differentiation.

Osteoclastic morphology was illustrated by the
presence of multinucleus cells. May Grunwald-Giemsa
staining will revealed the large cells containing many
nuclei in their cytoplasm which is characteristic of bone-
resorbing cells or osteoclast. The nucleus will stained as
dark purple while the cytoplasm will stained as light
purple with Grunwald-Giemsa staining. From Figure 4b,
the morphology of multinucleated osteoclast cells were
observed at day 10 of mononucleated cells cultured in
osteoclast differentiation medium. The percentage of fully
differentiated osteoclasts increased with time (Figure 6).
Approximately 19 and 50% fully differentiated osteoclasts
were observed at day 5 and 10 of osteoclast differen-
tiation, respectively.

DISCUSSION

In many different adult tissues, stem cells generate new
cells either continuously or in response to injury (Clarke
and Frisen, 2001). Adult stem cells are multipotent stem
cells that can give rise to different types of cells. To fulfil
the criteria of multipotency, stem cells should be capable
of self-regenerate and differentiate into several lineages
in vitro (Hows, 2005). Throughout this study, the differen-
tiation potential of mononucleated in suspension has
been demonstrated.

The existence of stem cells in isolated mononucleated
cells were determined by activation of KIT and SLAMF1.

GAPDH, a well-known housekeeping gene was used as
positive control for RT-PCR analysis because it is
constitutively expressed at the same level in mammalian
cells and tissues (Barber et al., 2005). As shown in
Figure 1b, KIT and SLAM F1 genes only activate in
primitive undifferentiated mononucleated cells. KIT was
previously reported to be expressed in both human and
mouse undifferentiated embryonic stem cells, with a
rolein maintaining their undifferentiated state and
correlated with functional measures of their pluripotency
(Basahmboo et al., 2006) and with the self-renewal
function of foetal and adult stem cells (Hassan, 2009;
Abdulrazak et al., 2010). In addition, the activation of the
SLAMF1 gene that we observed from RT-PCR
amplification demonstrated that the mononucleated cells
were HSC. SLAMF1 (CD150) is the founding member of
the SLAM family of cell surface receptors (Engel et al.,
2003) and SLAM family receptors are differentially
expressed among haematopoietic pro-genitors in a way
that correlates with progenitor primitiveness. The
expression of SLAMF1 is unique because it is only
expressed by HSC, not by non-self-renewing
haematopoietic progenitors or restricted haematopoietic
progenitors (Mark et al., 2005). Thus, the suspension
mononucleated cells we obtained from peripheral blood
were demonstrated to exhibit the existence of stem cells,
specifically HSC.

The potentiality of mononucleated cells to differentiate
into other specialized cells was examined by in vitro
differentiation of mononucleated cells towards osteoblast
and osteoclast cells using specific induction mediums.
Mononucleated cells were subjected to differentiate into
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Day 14 Day 10

Figure 4. Morphology of differentiated osteoblast by Von Kossa staining and osteoclast cells stained by May-Gruwald-
Giemsa. (A) and (B) were morphology of mononucleated cells cultured in osteoblast and osteoclast differentiation
medium respectively. For osteoblast cells, arrows represent the cell nodules containing calcium mineral stained
brown( --# or black ( —); while for osteoclast cells arrows represent the multinucleated cells ( --='» ). Each
photomicrograph above was representative of independent experiments with actual magnifications of 400x.
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Figure 5. Percentage of mineralized cells. Mineralized cells indicate osteoblast cells that were stained as brown or
black by Von Kossa staining after 0, 7 and 14 days of osteoblast differentiation.
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Figure 6. Percentage of multinucleated cells stained by May-Gruwald-Giemsa. Percentages of multinucleated
osteoclast cells were calculated after 0, 5 and 10 days of osteoclast differentiation

osteoblast by adding differentiation factors: ascorbic acid
and B-glycerophosphate. Osteoblast differentiation was
assessed by ALP activity, an early marker of osteoblastic
cell differentiation (Shen et al., 2009). As observed, ALP
activity and abundance of mineralised deposits were
significantly higher on day 14 of osteoblast differentiation
in the presence of these two differentiation factors.
Ascorbic acid enhances osteoblastic differentiation by
increasing collagen accumulation, which results in
increased ALP expression in some osteogenic cells
(Shiga et al., 2003), while B-glycerophosphate is routinely
added to bone cell cultures to induce osteo-genesis and
promote calcium phosphate deposition (Coelho and
Fernandes, 2000). The mechanism by which B-glycero-
phosphate induces mineralisation is closely linked to the
high ALP activity of bone cell cultures; this compound is
rapidly hydrolysed by ALP to produce high levels of local
phosphate ions providing the chemical conditions for
mineral deposition (Coelho and Fernandes, 2000).
Following the period of matrix maturation, nodule cells
begin to mineralize the extracellular matrix (Porter et al.,
2003, Ariffin et al., 2010) and these nodules will stain
dark brown or black with Von Kossa staining (Wang et
al., 2006; Yazid et al.,, 2010). Osteonectin, also called
secreted protein acidic and rich in cysteine (SPARC) or
BM-40, is a matricellular glycoprotein expressed in a
variety of mammalian tissues including muscle, brain,
adipose, testes, kidney, skin, bone and cartilage (Kapinas
et al., 2009). Its expression is increased in areas of extra-
cellular matrix remodeling such as wound healing,
angiogenesis, tumor growth and metastasis (Bradshaw
and Sage, 2001). The membrane-bound enzyme alkaline
phosphatase, together with other glycoproteins (oste-

onectin, trombospondins, fibronectin, osteopontin, bone
sialoprotein) and proteoglycans (decorin, biglycan,
fiboromodulin), are proportionally the most abundant
noncollagenous proteins of the bone extracellular matrix
and are considered as pertinent markers of osteoblastic
differentiation (Garcia et al., 2002). Thus, the presence of
calcium nodules (Figure 4) related with the increase of
ALP activity (Figure 2) and the activation of the SPARC
(Figure 1) gene showed that the respective cells had
differentiated into osteoblasts.

Mononuclear monocytic precursor cells become
committed to osteoclast lineage under the influence of M-
CSF and RANKL (Tanaka et al., 2005). These stimulated
precursors express the TRAP, which acts as a biological
marker for osteoclasts activity during all stages of
development and maturation. A number of genes such as
TRAP and CTSK are activated during osteoclastogenesis
(Shi et al., 2004). All of these genes have been
functionally implicated in osteoclastic bone resorption
(Feng et al., 2001). TRAP is important during osteoclast
differentiation as it is required for bone matrix resorption
and collagen turnover (Matsuo and Irie, 2008; Siti
Afeefah et al., 2011). Expression of TRAP gene as well
as significant increased of TRAP enzyme activity were
observed in mono-nucleated cells cultured in osteoclast
differentiation medium which contain M-CSF and
recombinant sRANKL. Present results also show that
undifferentiated mono-nucleated cell culture was negative
for the presence of TRAP gene and TRAP enzyme
activity. This finding is in agreement with previous
findings that TRAP is specific osteoclast markers that are
highly expressed during osteoclast differentiation (Intan
Zarina et al., 2008, 2010). Osteoclast cell is a large multi-



nucleated cell. RANKL stimulates the development and
fusion of mononuclear monocytic precursor cells to
become large multinuclear cells. When these
differentiated cells reach a critical size they become
activated mature osteoclasts and adhere to bone
surfaces, forming a lacuna underneath in which to resorb
the bone (Gardner, 2007). The morphological analysis in
this study proved that upon time of osteoclast
differentiation, percentage of multinucleated cells was
highly increased. This shows that the morphology of the
osteoclast induced cells exhibit the characteristics of
osteoclasts.

CONCLUSION

In conclusion, this study has provided biochemical;
molecular biology and morphological evidence that
suspension mononucleated cells from human peripheral
blood have fulfil the criteria of multipotency stem cells as
these cells are capable of self-regenerate and underwent
multi-lineage differentiation. With the increasing demand
of peripheral blood samples for stem cell research, we
have demonstrated that suspension mononucleated adult
peripheral blood can provide additional source of stem
cells for cell-based therapy.
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