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Abstract Objective This study aimed to determine the effect of carbonate apatite (CHA)
hydrogel-aPRF on osteoblastogenesis during relapse in rabbits.
Materials and Methods Forty-five rabbits were divided into three groups (n = 15):
the control, CHA, and CHA-autologous platelet-rich fibrin (aPRF) groups. An open-coil
spring was compressed between brackets to distalize the lower incisors of the rabbits
by delivering a force of 50 cN for 1 week. The new position of the teeth was retained for
14 days, and CHA hydrogel-aPRF was injected every 7 days. The appliances were then
debonded to allow relapse. On days 0, 3, 7, 14, and 21 after debonding, transform-
ing growth factor (TGF)-B1 and bone morphogenetic protein (BMP)-2 expression was
examined using immunohistochemistry staining and Runx-2 levels were analyzed by
enzyme-linked immunosorbent assay. The data collected were analyzed using analysis
of variance and a post hoc Tukey’s test (p < 0.05).
Results Histomorphometric analysis revealed that TGF-B1 expression in the CHA-aPRF
group is statistically higher than that in other groups on days 0, 3, and 7 after debonding
(p <0.05). BMP-2 expression in the CHA-aPRF group was also statistically higher than that

Keywords in the other groups on days 3, 14, and 21 after debonding (p < 0.05). ELISA showed that
= orthodontic relapse Runx-2 levels are slightly higher in the CHA-aPRF group than in the other groups (p > 0.05).
= carbonate apatite Conclusion Although injection of CHA-aPRF aids in osteoblastogenesis associated
= platelet-rich fibrin with enhancing TGF-B1 and BMP-2 expressions, it does not significantly upregulate
= osteoblastogenesis Runx-2 levels.

Introduction the complexity of relapse movement, its etiology remains

unclear. An animal study revealed that osteoclastogenesis
performs an important role in relapse.®> Osteoblastogenesis is
believed to counteract the osteoclastogenesis.* Osteoblasts,
the principal mononucleated cells of bone tissue, are responsi-
ble for alveolar bone formation and the stability of the moved
tooth.! Transforming growth factor-1 (TGF-B1) and bone mor-
phogenic protein-2 (BMP-2) expression plays fundamental roles
in osteoblastogenesis. Mitogen-activated protein kinase signal
activates by TGF-1 and BMP-2 positively regulate Runt-related

Orthodontic relapse, which can be defined as a tendency of the
teeth to return to their former positions after tooth movement,
is an undesirable outcome of orthodontic treatment.! A previ-
ous study reported relapse postorthodontic treatment rates
of approximately 70 to 90%.? Relapse recognized as a major
challenging orthodontic clinical issue. A more comprehensive
understanding of the relapse process is needed to determine
ways to alleviate relapse or reinforce retention. Considering
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transcription factor-2 (Runx-2) expression and promotes mes-
enchymal stem cell (MSC) differentiation.” Runx-2, also known
as core-binding factor subunit a-1, is a transcription factor that
is essential for differentiating MSCs into osteoblasts.®

In general, the prevention of orthodontic relapse is
attempted mechanically using a retainer. Fixed retainers are
most regularly used in the orthodontic retention phase as they
have several benefits, such as low patient cooperation require-
ments, good effectiveness, pleasing aesthetics, and suitability
for lifelong retention. However, their need for precise bonding
techniques and their tendency to induce negative effects on
periodontal health limit their uses.” Besides, relapse could may
still occur even after 10 years of retainer usage.® Orthodontic
relapse prevention is also ameliorated pharmacologically by
drugs such as bisphosphonates. Unfortunately, bisphospho-
nates induce unwanted effects on patients, including an oral
intolerance, and jaw bone osteonecrosis.’

Up to now, tissue engineering approaches are also advo-
cated to manipulate alveolar bone remodeling, blocking
orthodontic relapse, and enhancing the stability of tooth posi-
tions as well.»'° Carbonate apatite (CHA) exhibits good poten-
tial for bone tissue engineering because of its well-controlled
calcium release and bone formation ability.!! CHA is consid-
ered an excellent biomaterial for improving alveolar bone
remodeling on account of the similarity of its structure to
the interconnected porous structure of bone.'? CHA has also
received increased attention for its ability to act as a drug
delivery system for protein delivery into living cells.'?

The development of autologous platelet-rich fibrin (PRF),
which can be produced via a minimally invasive procedure,
could fulfill the demand for clinically applicable cell-based tis-
sue engineering strategies in the context of bone cells prevas-
cularization. PRF possesses excellent biological capability as a
source of proteins vital to bone regeneration, including TGF-f,
insulin-like growth factor (IGF), and platelet-derived growth
factor (PDGF).* Chang et al'> proved that PRF can stimulate sig-
nificant osteoprotegerin (OPG) expression in vitro. Increases in
OPG expression level indicate the enhancement of differentiated
osteoblasts and is related to lower relapse rates.> Advanced-PRF
(aPRF) is a novel PRF modification form prepared by reducing
the centrifugation speed and extending the centrifugation time
of the original fibrin. This adjustment yields higher platelet con-
centrations, which is the result of fewer cells moving to the bot-
tom of the tubes during centrifugation, and a greater amount of
proteins, including platelets, left in the higher part of the tubes
where the clot is isolated.!® The present study was designed to
examine the potential of intrasulcular injection of CHA-aPRF
to induce osteoblastogenesis during experimental orthodontic
relapse movement in rabbits. The hypothesis of this study was
that CHA-aPRF induce osteoblastogenesis by enhancing TGF-
1, BMP-2 expressions, and Runx-2 levels during orthodontic
relapse in rabbits.

Materials and Methods

Experimental Animals
All animal experimental methods were conducted in accor-
dance with the guidelines of the National Institutes of Health

Guide for the Care and Use of Laboratory Animals, and ethical
clearance was obtained from the Research Ethics Committee
of the Faculty of Dentistry. We obtained 10- to 12-week-old
rabbits (Oryctolagus cuniculus) weighing approximately 2.5 to
3 kg from a commercial supplier. Male rabbits were selected
because they are unaffected by fluctuations in estrogen. The
rabbits were anesthetized in each experiment. The experi-
ments began with a 1-week acclimatization to adapt the
rabbits to their new environment and laboratory food. All
of the rabbits were maintained individually in polycarbon-
ate cages (0.90 x 0.60 x 0.60 m?) with an alternating light/
dark (12 hours/12 hours) cycle and standard temperature
(23 £ 2°C) and humidity (55 + 5%). A pellet diet (expanded
pellets; Stepfield, United Kingdom) and tap water were fed to
the rabbits ad libitum to minimize the possibility of bracket
detachment and prevent eating difficulty during orthodontic
tooth movement (OTM). A total of 45 rabbits were randomly
divided into three groups (n = 15): G1 group (i.e., those did
not receive any injection), G2 group (i.e., those received intra-
sulcular injection of CHA hydrogel), and G3 group (i.e., those
that received intrasulcular injection of CHA hydrogel-aPRF).
Each group was randomly divided into five subgroups (n =3)
according to the observation day.

Material Preparation

CHA hydrogel was prepared by mixing type-f gelatin, sodium
citrate, and distilled water. This mixture was then added with
calcium hydroxide and stirred using a magnetic stirrer for
1 hour. Phosphoric acid was dissolved in 50 mL of distilled
water and then gently dropped into the gelatin mixture. The
specimen was subsequently pulverized and filtered through
a 32-um mesh. Preparation of aPRF began with the anestheti-
zation of the rabbits in the G3 group by intramuscular injec-
tion of 35 mg/kg body weight (BW) ketamine and 5 mg/kg BW
xylazine. Approximately 10 mL of the rabbits’ blood was col-
lected using a hematocrit syringe through the marginal vein
in the ear. The fresh blood was immediately transferred to
a tube without anticoagulants and centrifuged at 1,500 rpm
for 14 minutes. The middle layer of aPRF (0.6-0.8 mL) was
separated from the two layers using tweezers and sterile
scissors or punch biopsy and then compressed using a PRF
box for 30 minutes to release the releasate.

Immediately after preparation, 200 uL of the aPRF releas-
ate was dripped onto 10 mg of CHA that had been sterilized
in an autoclave at 105°C for 60 minutes and incubated for
1 hour at 37°C to allow electrostatic binding between the
releasate and hydrogel.

Orthodontic Tooth Movement and Relapse Movement

The rabbits were anesthetized by intramuscular injection
with a concoction of ketamine (35 mg/kg BW) and xylazine
(5 mg/kg BW). An elastic separator was then placed between
their two incisors to facilitate bracket installation. The labial
surface of the lower incisors was cleaned with a brush, and
straight wire brackets were bonded on to the teeth with
a 0.016” x 0.016” stainless steel square wire inserted into
the bracket slots. A Ni-Ti 0.010” x 0.030” open-coil spring
(DynaFlex; Missouri, United States) was attached between
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the two brackets to deliver a distal orthodontic reciprocal
force of 50 cN. Installation of power O was performed to tie
the wire attached to the bracket. The length of the stainless
steel wire was 4 mm longer than the length of the open-
coil spring to provide tolerance if OTM occurred. The end of
the wire was bent to prevent mucosal wounding or injury
(~Fig. 1).

An interincisal distance of +3 mm (measured from the
mesial tips of the lower incisors) was obtained after the tooth
had moved for approximately 7 days, and the open-coil spring
was no longer active. At the end of active tooth movement, a
rectangular stainless steel wire with a diameter of 0.016” x
0.022” was installed to replace the previous wire. The open-
coil spring was not removed from the bracket slot to serve as a
retainer. A distance of 3 mm was maintained for 14 days as a
stabilization (retention) period. The wire, bracket, and open-
coil spring were removed after the stabilization period, and
the lower incisors were allowed to start relapse movement.
The timeline in =Fig. 2 shows the experimental design for
the establishment of orthodontic retention in a rabbit model,
including the time of active OTM, space retainment using a
passive open-coil spring, and orthodontic relapse movement.

Fig. 1 Schematic of the experimental rabbit OTM model. (1)
Straight-wire lower-incisor bracket slot, 0.022.” (2) Stainless steel
square wire, 0.016” x 0.016.” (3) nickel-titanium open-coil spring,
0.0710” x 0.030.” (4) Elastic power O. The length of the wire was 4 mm
longer than the length of the open-coil spring to provide tolerance
if OTM occurred. The end of the wire was bent to prevent mucosal
wounding or injury. OTM, orthodontic tooth movement.

| ; |
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| tooth movement
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etention period
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Fig. 2 Experimental timeline for the establishment of the rabbit
relapse movement model. Rabbits were randomly divided into three
groups: control (G1), CHA hydrogel injection (G2), and CHA hydro-
gel-aPRF injection (G3). Each group included 15 rabbits, and all rabbits
received an orthodontic force of 50 cN for 7 days, following 14 days of
retention period. Rabbits in G2 and G3 received CHA and CHA-aPRF
injection every 7 days during the retention period. The period of ortho-
dontic relapse began after appliance debonding for all groups. Three
rabbits were sacrificed on five subsequent time points (0, 3, 7, 14, and
21 days after debonding) in each group. aPRF, autologous platelet-rich
fibrin; CHA, carbonate apatite.
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Intrasulcular injection of 0.2 mL of CHA and CHA hydro-
gel-aPRF into the mesial side of the gingival sulcus of the inci-
sor was administered three times to the treatment groups on
days 0, 7, and 14 of the stabilization period under general
anesthesia. This protocol complied with the rule that blood
should be collected from experimental animals at 7-day
intervals to avoid anemia.

Histological Preparation and Analysis

Specimens of rabbit mandibular tissue were retrieved on
days 0, 3, 7, 14, and 21 postdebonding. The rabbits were
euthanized with an overdose of anesthesia (lethal dose:
250 mg/kg BW ketamine and 50 mg/kg BW xylazine) and
decapitated, and their lower alveolar bone was dissected. The
dissected tissue was fixed with 10% formalin buffer solution
for 24 hours in a tissue pot. The sample was subsequently
demineralized using 10% ethylene diamine tetraacetate
(pH 7.4) at room temperature for +8 weeks. Each specimen
was embedded in paraffin wax and vertically sectioned into
4 num-thick serial slices at 50 um intervals. Histological anal-
ysis was conducted using immunohistochemistry staining.

Staining began with deparaffinization with xylol fol-
lowed by rehydration in a graded ethanol series. The spec-
imen was immersed in 3% H,0, in methanol for 30 minutes
in a staining jar. Antigen retrieval was performed enzy-
matically using 0.1% proteinase K in PBS (pH 7.4) for
20 minutes. The object-glass was placed inside a humid
chamber, dripped with sniper background solution (Starr
Trek, BioCare, United States), and then left to stand for
10 minutes. TGF-$1 and BMP-2 antibody solutions (Abcam,
Cambridge, United Kingdom) were diluted with 1% bovine
serum albumin in phosphate buffer saline solution (PBS)
(pH 7.4) at a ratio of 1:100 for overnight culture (16 hours)
at 4°C. The antibody solutions were then removed, and the
beaker was placed in a staining jar containing PBS (pH 7.4)
and shaken for 5 minutes. The filled glass-object was then
dropped with avidin-HRP label track and incubated for
10 minutes.

Next, the glass object was applied with a chromogen
diaminobenzidine solution, dried, and applied with Meyers
hematoxylin counterstain. Rehydration through a graded
alcohol series followed. Clearing with xylol was subsequently
performed to give a clear color to the tissues, and mounting
with DPX-Mountant was performed to improve the durabil-
ity and clarity of the samples.

Determination of TGF-f1 and BMP-2 expression was
performed by calculating the number of osteoblasts, which
was positively expressing TGF-f1 and BMP-2 in five levels
derived from the root area of incisors mesial aspect: 100,
140, 180, 220, and 260 um (region of interest [ROIs]), with
a x400 magnification light microscope and equipped with
Optilab connected to Image] (NIH, Maryland, United States).
Brown osteoblast’s cytoplasm or nuclei was considered as
positive cells. The number of TGF-f1 and BMP-2 expression
was obtained by calculating the average of positive cells
across the five ROIs. All measurements were performed by
two trained investigators who were blinded to the samples
under study.

© 2020. European Journal of Dentistry.
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Runx-2 Levels Analysis

Following gingival crevicular fluid (GCF) sample collection,
the gingival sulcus of each rabbit was gently air dried. GCF
samples were collected from all groups on days 0, 3, 7, 14,
and 21 alternately during relapse movement using a 20 paper
point. The paper point was gently inserted approximately
1 mm into the mesial side of the gingival sulcus of the incisor
and then left in situ for 60 seconds; collection was performed
twice. Two dipped paper points were then placed in a 1.5-mL
Eppendorf tube containing 350 uL of physiological saline
solution. Afterward, the tube was centrifuged at 2,000 rpm
and 4°C for 5 minutes.

Enzyme-linked immunosorbent assay (ELISA) was
conducted to assess Runx-2 levels during relapse move-
ment. Analysis was conducted using a quantitative anti-
Runx-2 antibody-specific ELISA kit (ab76956, Abcam). The
total amount of the transcription factor was compared with
its standard curve. The optical density of the solutions was
determined at 450 nm using a microplate reader, and the
total level of Runx-2 was represented as picograms per mil-
liliter (pg/mL).

Statistical Analysis

The data obtained in this study were statistically analyzed
using two-way analysis of variance to determine differences
and interactions between groups. Tukey’s honest significant
difference test was then performed to determine significant
differences between groups. A p-value <0.05 was considered

statistically significant. Analyses were performed using the
Statistical Package for the Social Sciences version 21 (IBM,
United States).

Results

The animals tolerated all experimental procedures well.
No observable effects on overall health and no visible side
effects of CHA and CHA-aPRF injection on the periodon-
tal tissue of the rabbits were noted. The means and stan-
dard deviations of the total TGF-B1 and BMP-2 expression
and Runx-2 levels of the three groups are summarized in
=Table 1. Shapiro-Wilk normality tests for TGF-f1 expres-
sion, BMP-2 expression, and Runx-2 level confirmed our
assumption of normality.

In general, the numbers of TGF-1 and BMP-2-positive cells
in the G3 group were greater than those in the other groups.
On day 0 after debonding, a large number of TGF-B1-positive
osteoblast cells were detected on the surfaces of the alveo-
lar bone. TGF-B1 expression peaked in the G3 group 7 days
after debonding, and the alterations were statistically signif-
icant. TGF-B1 expression began to decrease on day 14 during
relapse movement (=Table 1, =Fig. 3A). Compared with
the expression observed on day 0, the mean TGF-B1 expres-
sion in the G3 group was increased by 1.926 positive cells/
field, while those of the G1 and G2 groups was increased by
approximately 0.899 and 1.706 positive cells/field, respec-
tively, on day 7 during relapse movement. As shown in

Table 1 Descriptive values and analysis of variance comparisons of transforming growth factor-g1 and bone morphogenetic
protein-2 expression (osteoblast-positive cells/field) and Runx-2 level (pg/mL)

Parameter G1 G2 G3 p-Value Post hoc comparison
TGF-B1 expression
Day 0 9.177 £1.963 9.973+1.671 11.036 £2.023 | 0.002° G1<G3
Day 3 7.638 +2.674 10.234 +1.041 11.737 £1.662 | 0.004° G1<G2,G3
Day 7 10.076 + 1.681 11.679 £1.195 12.962 +2.368 | 0.004° G1<G2<G3
Day 14 8.433 £2.375 10.271 + 1.466 11.532+1.035 | 0.052 NS
Day 21 9.137 £ 1.813 10.173 £ 1.367 10.438+1.129 | 0.136 NS
BMP-2 expression
Day 0 8.737 £2.516 9.039+1.671 11.573+£2.235 | 0.282 NS
Day 3 6.733+£1.244 9.432+1.844 11.967 £1.062 | 0.017° G1<G2<G3
Day 7 8.276 £ 1.651 11.176 £ 2.054 12.632+1.638 | 0.091 NS
Day 14 11.033 £ 2.027 14.001 £1.314 16.774 £ 2.459 | 0.001° G1<G2<G3
Day 21 8.771+2.431 10.873 £2.296 14.173+£1.179 | 0.001° G1,G2<G3
Runx-2 level
Day 0 66.677 £ 8.321 65.267 £ 6.765 66.971 £5.237 | 0.585 NS
Day 3 69.133 £7.533 70.113 £6.126 72.364 £5.287 | 0.332 NS
Day 7 42.136 + 8.089 45.185 +7.498 45.989+8.211 | 0.673 NS
Day 14 29.159 £ 5.603 32.729 £7.082 33.076 £8.072 | 0.098 NS
Day 21 21.729 £4.043 20.983 £ 4.246 23.183+£5.239 | 0.058 NS

Abbreviations: ANOVA, analysis of variance; aPRF, autologous platelet-rich fibrin; BMP, bone morphogenetic protein; CHA, carbonate apatite; NS, not

significant; TGF, transforming growth factor.

Note: Tested by one-way ANOVA and post hoc Tukey’s HSD test; G1, the control group; G2, the CHA group; G3, the CHA-aPRF group. Values are pre-

sented as mean # standard deviation.

3p< 0.05, significant difference between groups.
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=Table 1, TGF-B1 expression in the G3 group was signifi-
cantly higher than that in the other groups on days 0, 3, and
7 after debonding (p < 0.05).

Immediately after the initiation of relapse movement,
a few BMP-2-positive osteoblast cells were detected on
the surface of the alveolar bone surface. BMP-2 expression
peaked in all groups on day 14, and the alterations were sta-
tistically significant (=Table 1, = Fig. 3B). Compared with the
expression observed on day 0, the mean BMP-2 expression
in the G3 group was increased by 5.201 positive cells/field,
while those in the G1 and G2 groups was increased by
approximately 2.296 and 4.962 positive cells/field, respec-
tively, on day 14 during relapse movement. Quantitative
evaluation revealed that the number of BMP-2-positive cells
in the G3 group significantly increased on days 3, 14, and
21 compared with those in the other groups (p < 0.05).

Injection of CHA hydrogel-aPRF did not affect
Runx-2 levels. ELISA indicated that although the Runx-2
level in the G3 group was slightly higher than those in the
other groups, the differences noted among groups were not
statistically significant (p > 0.05, =Table 1). As illustrated in
~Fig. 4, Runx-2 levels tended to decline after peaking on day
3 after appliance removal.

Discussion

This study confirms our hypothesis that CHA-aPRF injec-
tion could enhance osteoblastogenesis during orthodontic
relapse. The result showed that CHA and CHA hydrogel-aPRF
injection may increase TGF-f1 and BMP-2 expression to
higher levels during orthodontic relapse compared with
those in the control group. The high microporosity of CHA
allows antibiotics, growth factors, and antimicrobial agents
to bind to its structure.'” CHA hydrogel is designed as a drug

delivery system on account of its ability to function as an
intracellular protein transporter; the hydrogel can maintain
the structure of proteins, such as the growth factors in aPRF,
during delivery, and prevent their degradation or denatur-
ation until they enters the intended area.’®

Our results demonstrated that CHA-aPRF injection is
effective in increasing TGF-f1 expression, as it is indicated by
the significant difference in number of TGF-B1-positive cells
between the CHA-aPRF injection, CHA injection, and con-
trol groups on days 0, 3, and 7 postdebonding. Concerning
the mechanism, CHA appears to improve bone remodeling
by enhancing the levels of phosphate and calcium, which
are needed during new bone formation, in the surround-
ing tissue.'® When phosphate and calcium are released
into the local environment, they stimulate osteoblastic
proliferation.’® Osteoblast differentiation and proliferation
is widely known to be regulated by TGF-B1. TGF-B1 plays
many roles in enhancing osteoblast proliferation, including
recruiting osteoblast precursors, or matrix-producing osteo-
blasts through chemotactic attraction and preventing osteo-
blast apoptosis.?’ The results showed that TGF-B1 expression
did not differ significantly among the three groups on days
14 and 21 postdebonding. TGF-31 expression is necessary to
regulate the production of extracellular bone matrix protein
in the early phase of osteoblast differentiation.?! In contrast to
TGF-B1, which inhibits the final stage of osteoblast differen-
tiation and proliferation, BMP-2 promotes these activities.?

TGF-B1 could reduce the ability of osteoblasts to secrete
receptor activator of nuclear factor kappa-f ligand (RANKL), an
osteoclast differentiation factor, which means it can indirectly
limit the formation and activation of osteoclasts and increase
bone mass.?? TGF-B1 is the strongest stimulator of bone for-
mation that increases fibroblasts proliferation and stimulates
the synthesis of collagen.* TGF-f1 signaling interruptions

Fig. 3 Histological sections of experimental mandibles stained with immunohistochemical. During orthodontic relapse, G3 showed a greater
number of transforming growth factor-B1-positive cells (A) and bone morphogenetic protein-2-positive cells (B) compared with G1 and G2
group on day 7 after debonding. Scale bars represent 100 mm at x400 magnification. Red arrows represent osteoblast-positive cells.
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Fig. 4 Comparison of Runx-2 levels in the control (G1), CHA (G2),
and CHA-aPRF (G3) groups from day 0 to 21 during relapse move-
ment. The total Runx-2 level in G3 was only slightly higher than those
in G1 and G2. The data are presented as mean * standard deviation.
aPRF, autologous platelet-rich fibrin; CHA, carbonate apatite.

are known to cause extracellular matrix degeneration and
decrease type 1 collagen expression in periodontal tissue,
thereby triggering orthodontic relapse.?> These condition is
expected in the process of orthodontic relapse prevention.

The results showed TGF-1 expression in the CHA-aPRF
group is significantly higher than that in the CHA and con-
trol groups on days 0, 3, and 7 postdebonding. A possible
mechanism behind the increase in TGF-B1 expression
involves the release of several growth factors, including
IGF, TGF, vascular endothelial growth factor, and PDGF,
from PRF. PRF performs a significant role in the enhanced
release of some crucial growth factors such as TGF-B1.26 The
aPRF contains higher concentrations of platelets and total
growth factors than standard PRFE. Modification of the aPRF
preparation protocol induces a smaller number of cells to
migrate to the bottom of the centrifuge tube so that the
platelet and growth factor concentrations are more con-
centrated.'® Growth factors are natural polypeptides that
can stimulate the synthesis of the extracellular matrix and
have the potential to induce osteoblastogenesis.?” Proper
incorporation of CHA hydrogels with the growth factors
contained in aPRF is expected to be able to stimulate bone
formation effectively. Growth factors are released grad-
ually via a controlled-release system as the hydrogel is
degraded and then induced osteogenesis through osteo-
conduction, osteoinduction, and angiogenesis.?

The results showed CHA-aPRF injection effectively
increases BMP-2 expression. Autefage et al?® determined that
CHA may increase BMP-2 expression, which is needed for
bone regeneration. The osteoinductive ability of BMP-2 has
been proven extensively in vitro and in vivo. BMP-2 is a
TGF superfamily member that can increase the expression
of osteocalcin, a noncollagen protein fraction present in
the bone matrix that plays a vital role in bone remodeling,
to induce new bone formation.?* Hassan et al* stated that
BMP-2 can induce new bone formation and improve peri-
odontal tissue remodeling during OTM to prevent orthodon-
tic relapse.

European Journal of Dentistry Vol. 15 No. 3/2021

Our results showed that the expression of BMP-2 in
the CHA-aPRF injection group is higher than that in the
other groups on days 3, 14, and 21 postdebonding. Kizildag
et al*® determined that PRF may increase BMP-2 expression.
PDGF in aPRF enhances osteoinduction by inducing osteo-
blastic cell differentiation and proliferation.?’ It also acts
as a master regulator of angiogenesis, which is necessary
in bone remodeling to distribute the oxygen and nutrients
needed by osteoprogenitor cells and provides a pathway for
bone-forming precursor cells to reach the target area.!

Increased expression of BMP-2 can stimulate osteoblast
maturation and induce alveolar bone formation to prevent
relapse effectively.>’ BMP-2 can reduce osteoclastogenesis
activity through the RANKL-OPG pathway to increase bone
mass.>? Osteoclastogenesis blocking has been shown to be
effective in reducing relapse percentages after OTM.** Our
results demonstrated that BMP-2 expression peaks on day
14 postdebonding in the CHA-aPRF group. BMP-2 expression
increases in the final stage of osteoblast differentiation.?

Runx-2, a DNA-binding transcription factor that belongs
to the Runt family, is essential for specifying osteogenic lin-
eage. Runx-2 and Osterix are transcription factors that play
a pivotal role in regulating early osteogenic differentiation
from MSCs into osteoblasts.®*4 Runx-2 inhibits the differenti-
ation of MSCs to several types of cells other than osteoblasts.
Runx-2 is significant in uncommitted MSCs, and its expres-
sion is upregulated in preosteoblasts, highest in immature
osteoblasts, and downregulated in mature osteoblasts.* This
phenomenon corresponds favorably with the results of our
study, which revealed that Runx-2 levels tend to decrease after
peaking on day 3. Our results also showed that Runx-2 levels
do not significantly differ among the three groups tested.
Levels of the activated Runx-2 protein in osteoblast precur-
sors and osteoblasts must be assessed carefully. A previous
study indicated that the continuous activation of Runx-2 in
osteoblasts prevents osteoblast maturation, which favors the
catabolic effect of parathyroid hormone.?* Runx-2 inhibits the
maturation and transition of mature osteoblasts into osteo-
cytes and maintains them in a resting state.?! Additionally,
Runx-2 controls RANKL and OPG expression by stimulating
osteoclast differentiation.?” Runx-2 is involved in osteoclas-
togenesis through the induction of Tnfsf11 expression and
inhibition of Tnfrsf11b expression.?®¢ However, the molecular
mechanisms through which Runx-2 interferes with improve-
ments in osteoclastogenesis must be further investigated.

Taken together, the results of this preclinical study suggest
that the induction of osteoblastogenesis mediated by CHA
hydrogel-aPRF is a potential target to minimize orthodontic
relapse. The combination of CHA hydrogel and aPRF resulted
in synergistic effects that may stimulate complex molecular
events and interactions leading to osteoblastogenesis. However,
due to the limitations of this study, including the lack of aPRF
stock, which should be used immediately after preparation, the
translation of these results to the clinical setting requires fur-
ther study. Our future work will focus on developing a suitable
formulation material for orthodontic clinical use. For example,
the freeze-dried form of aPRF for material long-term stability.
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In addition, the dose of materials used in animal studies must
be modified when applied to humans, and additional random-

ized,

controlled clinical trials are needed to test the ultimate

outcomes associated with the materials.

Conclusion

Although intrasulcular injection of hydrogel-CHA incor-
porated aPRF can positively upregulate TGF-B1 and
BMP-2 expression, it cannot enhance Runx-2 levels during
orthodontic relapse in rabbits.
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