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Osteogenic Ability of Combined Hematopoetic Stem Cell, Hydroxyapatite Graft
and Platelet Rich Fibrin on Rats (Rattus Novergicus)
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Abstract:
Background: In Indonesia, the incidence rate of tooth
extraction as the main form of dental treatment reached
as high as 79.6% in 2014. Teeth extraction leads to
periodontal tissue defect whose treatment,
incorporating the use of graft material Hydroxyapatite
(HA) and Platelet Rich Fibrin (PRF) with stem cells,
has become increasingly widespread. The stem cell
potentially put to therapeutic use is the Hematopoetic
Stem Cell (HSC). Aim and Objectives: to examine the
effect of hematopoetic stem cell addition to HA graft
and PRF post-tooth extraction on the number of
osteoblasts and amount of Osteoprotegerin (OPG) in
periodontal defect treatment. Material and Methods:
This study constituted laboratory-based experimental
research with a post test-only control group. Twenty
four rats (Rattus novergicus) represented the animal
study model in this research. Alveolar bone defect in
the animal study model was induced by extracting the
first molar of the mandible using sterile needle holder
clamps. The sample population was divided into four
groups: K0: the untreated control group; K1: socket
filled with HA Graft and PRF. K2: socket filled with
HSC 105 cells. K3: the socket filled with HA Graft and
6
PRF with HSC 10 cells. Results: The K3 group had
both the highest number of osteoblasts when compared
with the control group (350.17 ± 33.42; P <0.001) and
the strongest OPG expression of all treatment groups
(11,36 ± 0,54; P <0.01). Conclusion: A combination of
HA graft, PRF and HSC significantly increases the

expression of OPG and the number of osteoblasts
rendering it a potential treatment for tissue
engineering-based periodontal defect.
Keywords: Osteoprotegerin, Osteoblast, Bone
regeneration, Bone graft, Tissue Engineering

Introduction:
Tooth extraction is one of the most common dental
treatments carried out in Indonesia and can lead to
bone defects. According to health-related statistics,
2014 witnessed the percentage of dental treatment
culminating in tooth extraction reaching as high as
79.6% [1]. Previous research highlighted the
prevalence of tooth extraction-related complications such as fractures - 31.82%, bleeding 4.54%, and swelling - 2.27% [2]. Tooth extraction
can lead to alveolar bone resorption and the
destruction of alveolar bone components.
Moreover, it may lead to resorption of the jawbone
[3].
The most up-to-date treatment performed for
periodontal defects is the use of Hydroxyapatite
(HA) graft materials and Platelet Rich Fibrin
(PRF). A combination of HA and PRF materials
produces encouraging bone regeneration therapy
results. According to a previous study, HA and
PRF significantly improved the clinical outcomes
resulting from the treatment of infrabony defects.
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The use of HA may enhance the effect of PRF
through the maintaining of space for tissue
regeneration by inducing an osteoconductive
effect in the infrabony defect region [4].
The formation of osteoblasts is preceded by preosteoblasts which subsequently undergo a process
of maturation which also differentiates osteocytes.
Osteocytes are bone cells found in canaliculi which
form a bone matrix. Bone formation is associated
with increased expression of Osteoprotegerin
(OPG) or reduced expression of the activator
Nuclear Factor kappa ß ligand recceptor
(RANKL). Pathological bone resorption is also
known to involve increased expression of RANKL
ratio and diminished expression of OPG. During
the inflammatory response, proinflammatory
cytokines, such as Interleukin (IL-1b), IL-6, IL-11
and IL-17 and Tumor Nuclear Factor (TNF-α)
osteoclastogenesis, can be induced by increasing
RANKL expression, while simultaneously
reducing OPG production in osteoblasts / Stroma
cells [5].
Periodontal defect treatment involving graft
material HA and PRF with stem cells has become
increasingly popular. The stem cell potentially
used as a form of therapy is the Hematopoetic
Stem Cell (HSC) used in the treatment of
leukemia and other blood and immune system
diseases [6]. However, HSC concepts have been
evolved to the extent that reports exist of their
ability to also induce non-hematopoietic cell
lineage, such as muscle cells, blood vessel cells
and osteoblasts [7].
At the time of writing, bone regeneration therapy
is usually restricted to a combination of HA graft
and PRF with no research into the effects of
Hematopoetic Stem Cell addition having been
conducted. Therefore, further investigation is
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needed to elucidate the benefits of HSC with HA
and PRF graft on the post-extraction tooth socket
with regard to the degree of osteoblasts and OPG
expression within periodontal defect treatment.
Material and Methods:
This study received approval through an ethical
clearance letter from the Faculty of Dental
Medicine, Universitas Airlangga number
042/HRECC.FODM/IV/2017. This study was a
laboratory-based experimental research with a
post test-only control group. Twenty four rats
(Rattus novergicus) were used as the animal study
model in this research. The sample was divided
into four groups; K0: control group without
treatment; K1: sockets filled with HA graft and
PRF. K2: sockets filled with HSC 105 cells. K3:
sockets filled with HA graft and PRF with HSC
5
10 cells. The study of alveolar bone defect in the
animal model was affected by extracting the first
molar of the mandible using sterile needle holder
clamps. Before tooth extraction was performed,
the animal models were injected with 0.050.1ml/10g body Intra-muscular (IM) rodent
anesthesia (ketamine, xylazine, acepromazine and
sterile isotonic saline).
Following tooth extraction, all wounds were
stitched with silk 3.0 and a period of 21 days
elapsed before the animal study models were
sacrificed. An osteoblast and OPG marker kit
(Sigma Aldrich™, Germany) was then used to
conduct Hematoxylin Eosin (HE) and Immunohistochemistry (IHC) examinations.
Statistical analysis was performed using
Statistical Package for the Social Sciences (SPSS)
20.0 software for windows 8.1 (SPSS™, Chicago,
United State). Data obtained from the OPG
expression and osteoblast cell count was then
subjected to ANOVA analysis and, in cases of any

Ó Journal of Krishna Institute of Medical Sciences University

89

JKIMSU, Vol. 6, No. 4, October-December 2017
difference between the treatment groups, a
subsequent Tukey test.
Results:
Characterization of Hematopoietic Stem Cell:
Characterization of Hematopoietic stem cells was
performed by means of immunohistochemical
examination using monoclonal antibodies CD105
(negative) and CD45 (positive). The hematopoietic
stem cell characteristics of the blood sample were
highlighted by use of a CD45 marker employing a
fluorescent green light (Fig. 1).
Number of Osteoblast Cell Count using HE
Staining:
The K3 group histopathologic features confirmed a
higher osteoblasts cell count compared with that of
the K0, K1 and K2 groups (Fig. 2).The use within
this study of a statistical Analysis of Variance
(ANOVA) test produced significant results 0.000
(p <0.05). Tukey test was subsequently employed
to analyze the relative significance of the number
of osteoblasts within each group. The K3 group
recorded the highest number of osteoblasts when
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compared with its K0, K1 and K2 counterparts
(Table 1.). The Tukey test results revealed a very
significant difference between the negative control
group and all treatment groups (p <0.05), as was
also the case with the positive control group (p
<0.05) (Table 2.).
Osteoprotegerin (OPG) expression with
Imunohistochemistry (IHC) Examination:
OPG expression is characterized by brown
coloration in osteoblasts due to antigenic binding
and the presence of OPG antibodies. The K3
group experienced high OPG expression
characterized by a stronger brown color than the
other three K groups. Group K0 contained fewer
OPG expressions than K1, K2, and K3 (Fig. 3).
The ANOVA test result confirmed significant
OPG expression in all groups (p<0.05), while that
of the subsequent Tukey test revealed strong
ANOVA Expression across them (p<0.05).
The mean results confirmed the K3 group as
having the highest average expression of OPG.
Based on statistical analysis, the K3 group

th

Fig. 1: Fluorescence Result of Blood Samples on 5 Day (A) Strongly Positive against CD45 Marker;
(B) Appeared Negative against CD105 Marker (200 x Magnification, Olympus Microscope
CKX53, Olympus Corporation™).
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Fig. 2: Histopathology Features using HE Staining. The Number of Osteoblast in Each
Group (K0, K1, K2, K3) with 1000x Magnification Using Microscope
achieved the most significant result compared to
the others (Table 3). Comparison of each
treatment group with the control group revealed a
marked difference (p <0.05). This finding
paralleled the outcome of a comparison between

the K1 element within the positive control group
and the K2 group (p <0.05). Similarly, the lastmentioned group posted significant results (p
<0.05) when compared to those of its K3
counterpart (Table 4).

Table 1: Mean Number of Osteoblasts in
Each Group

Table 2: Tukey's Test Result of the Number
of Osteoblast in Each Group with
HE Staining Examination

Group

Mean ± SD

K0

84.83a ± 50.38

K1

254.17 ± 83.08

K2

291.67bc ± 30.44

K3

350.17c ± 33.42

p Value

b

Group

Comparison Group

p Value

K0

K1*
K2*
K3*

0.000
0.000
0.000

K1

K2
K3*

0.627
0.026

K2

K3

0.263

0.00

*

Significant in value (p<0.05).

*

Significant in value (p<0.05)
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Fig. 3: OPG Expression in Each Group (K0, K1, K2, K3) with 1000x Magnification
Using Microscope (IHC Staining)

Table 3: Mean OPG Expression in Each
Group

Table 4: Tukey's Test Result of OPG
Expression

Group OPG

Mean ± SD
1,36 ± 0,46

a

Comparison
Group

p Value

K0

OPG
Expression

K1

5,03 ± 0,61

b

K0

K2

8,70c ± 0,73

K1*
K2*
K3*

0.000
0.000
0.000

K3

11,36 ± 0,54

K1

K2*
K3*

0.000
0.000

Significant in value (p<0.05).

K2

K3*

0.000

p Value

d

0.00

*

*

Significant in value (p<0.05).
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Fig. 4: Osteoblasts Mean in Each Group

Fig. 5: Osteoprotegerin Mean in Each Group

Discussion:
Hematopoietic Stem Cells (HSCs) can differentiate into specific cells which allows them to move
from bone marrow into the bloodstream. HSCs
and have been the subject of extensive study with
particular regard to their potential to differentiate
into non-hematopoietic cells. Based on in vitro
and in vivo, previous research asserted that HSCs
change into blood cells when in vivo. It has also
been demonstrated that an increase in smooth
muscle cells, neuron cells, and bone cells in the
Endothelial Progenitor Cell (EPC) occurs. The
application of HSCs for the purposes of this study
incorporated a characterization stage employing a
CD45 monoclonal antibody observed through a
fluorescent microscope [8].
IHC examination results indicated that the K3
group expressed OPG at the highest rate,
producing an OPG expression characterized by
stronger brown color, compared to groups K0, K1
and K2. In group K0, there was lower OPG
expression than in the K1, K2, and K3 groups. The
addition of HSCs produces the effect of increasing
osteoblasts which, in turn, results in rapid bone
regeneration. According to Calvi (2006), HSCs

possess self-renewal properties, the various lanes
identified being Sonic Hedgehog, Wnt, and
Notch. All of these pathways manifest the
interaction of HSC surface receptors with cellbound ligands resulting in physiological pathway
activation and self-renewal occurrence [9].
Wnt proteins stimulate endurance and proliferation by working directly on hematopoietic
progenitors. Pathway Signaling Notch plays a role
in ligand and membrane bonding, in addition to
HSC self-renewal. Jagged1 expression is detected
in self-renewal murine osteoblasts and osteoblast
cells during bone regeneration. Nobta et al., (2005)
showed that Jagged is capable of improving bone
mineral deposition. The other previous studies
suggested that signaling notch activation can
facilitate osteoblastic cell differentiation [10].
OPG expression, according to ANOVA test results,
demonstrated a notable contrast (p <0.05) across
all treatment groups. Meanwhile, the Tukey test
revealed a significant difference in K0 as a
negative control compared to the other groups.
One treatment for large bone defect applies the
principle of tissue engineering in the form of
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graft/scaffold, growth factor and cell [11]. The
PRF combined with HA graft stimulated
significant bone growth and clinical level
attachment gain. PRF enhances phosphorylated
Extracellular Signal-Regulated Protein Kinase (pERK) expression and stimulates OPG production.
Furthermore, it will lead to osteoblast proliferation
and the stimulating of osteogenic differentiation
[4].
OPG expression in the K1 group as compared to
that of the K2 and K3 groups was markedly
different (p <0.05). This suggests that the addition
of HSCs to the HA and PRF graft can accelerate
tissue repair owing to the fact that the HA and PRF
graft execute immune functions, for example;
leukocyte chemotaxis with degranulation
activation of PRF. PRF and HA graft release
cytokines such as IL-1, IL-4, IL-6 and TNF-a.
Consequently, the increased OPG expression and
osteoblasts secretion modulated by various
metabolic regulators such as IL-1, TNFa and
TGFß inhibit the bone resorption process by
various stimulators, for example, PTH, PGE2 and
1,25D3. A previous investigation found that OPG
may inhibit the release of osteoclasts on the bone
surface to compensate for such resorption [12].
The K2 and K3 groups produced significant
results (p < 0.05) and the average OPG expression
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figure in the K3 group represented the highest
mean. Therefore, OPG expression in the K3 group
increased compared with that of the other group.
This suggests that the addition of HSCs to HA and
PRF supports hematopoietic cells with regard to
self-renewal and produces adult cells. The
differentiation of osteoprogenitor cells, initiated
through BMP and Wnt signaling molecules, binds
them to osteoprogenitor cell receptor membranes.
These signals will mediate the decrease of
transcription factors such as Lef1 and major
regulator enhancements, for instance, Runx2 /
cbfa1, Osx and Dlx. These factors induce preostoblastic differentiation and mediate maturation
and differentiation in osteocytes [7].
Conclusion:
A combination of HA graft, PRF and HSC
significantly increases the expression of OPG and
the number of osteoblasts, thereby enhancing its
potential for periodontal defect treatment based
on tissue engineering.
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