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Abstract: To understand the usefulness of B-TCP for developmeni of biomaterials implants, B-TCP was implanted
into bone defects of dog mandibles, and gene expression profiles were examined using DNA microarray. An
implant drill was used to make bone defects in Beagle dog mandibles, and then B-TCP was filled into bone
defects. Total RNA was isolated from all specimens, and mRNA levels were analyzed using Affymetrix GeneChip.
Higher mRNA levels of insulin-like growth factors, IGF1 and IGF2, were observed in B-TCP-implanted samples
compared with controls. The enhancement of IGF1 and 1GF2 mRNA levels by B-TCP was confirmed by RT-
PCR and real-time RT-PCR. Immunohistochemical staining revealed increased IGF1 and IGF2 protein expression
in B-TCP-implanted bone. Taken together, the stimulation of IGF1 and IGF2 expression by B-TCP might be

a mechanism of accelerating bone formation.
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Introduction

Repair of bone fractures or defects is achieved by local new
bone formation. However, the regenerative repair of bone is often
impaired when the damage is severe as seen in comminuted open
fractures or large bone defects associated with bone tumor
resection. The osteogenic potential of autogenous bone graft is
due to the retention of osteogenic precursor cells with the ability
to proliferate and differentiate to osteoblasts. Additionally, the
grafted bone is resorbed and replaced by newly formed bone,
thereby reestablishing a level of structural integrity at the grafted
sited.

The number of clinicians performing endosseous dental
implants whether immediately following tooth extraction or after
a period of time is rapidly increasing. However, on many
occasions, clinicians encounter the lack of adequate amount of
bone due to a number of reasons including injury, eradicated tumor
masses, or progressive periodontal diseases. To overcome this
difficulty, many methods have been developed and introduced
using a variety of grafis such as autologous bone grafls, allografts,
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alloplasts, and xenografts®. Autologous bone is regarded as one
of the gold standard of praft materials®®, However, there are
several problems in autologous bone grafts including morbidity
of the donor site and limitation of amount of bone that can be
harvested®™. Tt is becoming a demand to identify different types
of bone substitutes. Caleium phosphates, such as tricalcium
phosphate {TCP), and hydroxyapatite (HA) are widely used as
substitutes for autologous bone®. These materials show high
biocompatibility and osteoconductivity®. HA is a biomaterial with
a lower degradation rate than new bone formation in vive'™, On
the other hand, the degradation rate of TCP is higher than HA in
vivo. It is important for a bone substitute material to have the
character of degradation rate equal to the process of bone
formation. .

The B -TCP scaffold contains interconnected pores which
facilitate the infiltration of osteogenic cells, and this material is
strong enough to maintain the implant’s shape during bone
formation', Moreover, B -TCP is resorbed and replaced by host
bone within 24 weeks with no apparent adverse effects'™. Horch
et al. described the favourable solubility and biocompatibility of
B -TCP, as evidenced by the almost complete bony regeneration
after 12 months without foreign body reactions. They also reported
that filling defects with 8 -TCP stabilized the blood clot within




J.Hard Tissue Biology Vol. 21(1):1-8, 2012

the defect, thereby facilitating bone regeneration'®. In addition,
histological and histomorphometric comparison in the same
patients revealed that there was no significant difference between
B-TCP and autogenous bone grafts in terms of the quantity and
rate of ossification'19,

The process of osteogenesis can be stimulated by applying
bene formation stimulating molecules'9,

We previously reported that B-TCP can stimulate bone
forination at an early stage after implamtation'®, Using microarray
and Ingenuity Pathway Analysis (IPA), we identified the potential
involvement of large numbers of genes, particularly IGF signaling,
perhaps identifying candidate genes for implant research. IGF1
and IGF2 are also the most abundant growth factors produced by
osteoblasts, and exert important effects on the proliferation,
differentiation, and apoptosis of osteoblasts™, IGF1 and IGF2
increase bone collagen synthesis and decrease collagen
degradation in cultures of intact calvariae, the effect on collagen
synthesis correlates with an increase in transcript levels in
osteoblast cells??,

However, very little is known about the IGF signaling
enhancing the bone formation by B-TCP. To understand the
usefilness of B-TCP for development of biomaterials implants,
ES-TC_P were implanted into bone defects after extracting teeth in
beagle dogs, and IGF gene expression profiles were examined
using Affymetrix GeneChip system. Altered mRNA levels in
GeneChip analysis were confirmed by reverse transcription
polymerase chain reaction {(RT-PCR), real-time RT-PCR and
immunofluorescence analysis.

Materials and methods
Implantation of B-TCP

Beagle dogs (body weight 1342 kg; 10 dogs) were purchased
from Japan SLC (Shizuoka, Japan). The dogs were allowed access
to food and water ad libitum at all times and were maintained on
a 12 h light/dark cycle (lights on 8:00 to 20:00) at 23+1°C. All
beagle dogs were maintained and used in accordance with the
guidelines of the care and use of laboratory animals of Kanagawa
Dental College (Approval #: 08.12. TTH). There were two
experimental groups: the 8 -TCP scaffold implant group and the
no implant control. The left and right mandibles of beagle dogs
were divided randomly into three time groups according to the
expected time when they would be sacrificed.

All beagle dogs were injected with sodium pentobarbital
(Somnopentyl®, Kyoritsu Seiyaku, Tokyo, Japan) at a doss of 35
mg/kg. The dogs then had their premolar teeth extracted. After
three months’ healing, the sockets of mandible defects (4.5 mm
diameter, 8 mm length) were made in the mandible bone using an
implant drill with physiologic salire cooling under anaesthesia.
The 8 -TCP was purchased { 8 -TCP-100, >99% pure, Taihei
Chemicals Limited, Japan)} and crushed to 500-800 pm diameter

particles, and was filled into left or right mandible bone defects
(200 pg per one defect). After surgery, each beagle dog received
an intramuscular injection of sodivm ampicillin (Vieeillin®, Meiji,
‘Tokyo, Japan} at a dose of 100 mg per kg body weight, AH
specimens (4.5 mm diameter, 8 mm length) were taken out in a
cylinder at day 4 and day 7 after surgery, and immersed into RNA
stabilization solution (RNA later®, Applied Biosystems, Ambion,
USA).

RNA preparation

Total RNA was extracted from each bone biopsy using an
optimised RNA extraction protocol based on the RNeasy® Fibrous
Tissue Midi Kit Isolation System (Qiagen, CA, USA) according
to the manufacturer’s protocol. One piece of a biopsy (a maximum
of a 3 mm cube=25-35 mg of tissue) was placed into 350 mL of
lysis buffer (Buffer RLT, from the isolation kit) in a Lysing Matrix
A tube (FastPrep® System, MP Biomedicals, Tokyo, Japan) and
homogenised six times at 6.0 m/s for 45 s each. Samples were
processed using the RNeasy Isolation System following the
NanoDrop manufacturer’s instructions. RNA quality was

confirmed by calculating the OD ratio via a

2684280
spectrophotometer, and its integrity was verified using Agilent

RNA 6000 nano kits {Agilent, Santa Clara, CA, USA).

DNA microarray analysis

The protocol for DNA microarray processing was carried out
according to the GeneChip® 3° IVT express kit user manual
(Affymetrix, Santa Clara, CA, USA), Total RNA samples (100
ng} were subjected to two-cycle target labelling according to the
Affymetrix instructions. Antisense complimentary RNA (cRNA)
derived from double-strand complimentary DNA (cDNA) was
labelled in the presence of biotinylated deoxyribonucleotide
triphosphate (ANTP) derivatives to produce cRNA probes. The
probes were then fragmented and hybridized on the GeneChip®
Canine Genome 2.0 Array (Affymetrix; 38,000 genes). After
hybridization, the arrays were scanned using the GeneChip®
Scanner 3000 and the scanned images were analyzed using
GeneChip® operating software (Affymetrix), Flag analysis, to
demonstrate the presence (P) or absence (A) of signals, was
evaluated and intensity normalization was performed. Data
analysis was then performed using the GeneSpring (Silicone
Genetics, Redwood, CA, USA) software package.

RT-PCR and real-time RI-PCR analysis

RT-PCR and real-time RE-PCR reactions were carried ous
using a DNA thermal analyser (RCX43-Gene™ 6000; Corbett
Life Science, Sydney, Australia). Amplification by PCR was
started with an initial incubation at 95°C for 15 sec to activate the
Taq DNA polymerase, and then performed at 95°C for 5 s and
56°C for 15 s for the appropriate number of cycles, RT-PCR
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products were electrophorezed on a 1.5% agarose gel, followed
by staining with ethidium bromide to examine the intensity and
size of PCR products. Each assay was normalized to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA
levels.

Real-time PCR was carried out with SYBR Premix Ex Taq™
(Perfect Real-Time PCR, Takara, Japan) and a green PCR kit
(Qiagen). To calculate gene expression fold changes, the initial
template concentration was derived from the cycle number at
which the fluorescent signal crossed the threshold in the
exponential phase of the real-time PCR reaction. The mRNA
copy unit was given by the cycle threshold value from the
fluorescent signal of all the samples, including the standard curve
and target genes, following the method provided by Corbett Life
Science using the RCX43-Gene™ 6000 software. Details were
described in an operation manual (version 1.7.40, 2006).

The DNA primer sequences were: for IGFI, 5°-
cctegeacctettetacetg-3” (forward); 5’-gectectcagatcacagete-3°
(reverse), predicted size=228 bp; for IGF2, 5°-
acccteeagtttgtetgtgg-3’ (forward); 5’-ggggtatetggggaagttgt-3°
(reverse), predicted size=213 bp; for GAPDH 5’-
atctccatcttccaggag-3’ (forward); and 5°-atggacggtggteatgag-3’
(reverse), predicted size=318 bp. Values were calculated as
means+standard deviation (SD), (#n=3). Comparisons were made
between the two groups using a Student’s ¢ test.

Immunafluorescence staining

Formalin-fixed, paraffin-embedded specimens were subjected
to antigen retrieval and endogeneous peroxidase blocking (30
min), and rinsed with phosphate-buffered saline (PBS). Rabbit
polyclonal primary antibodies (IGF-I, Millipore, Temecula, CA;
IGF-II, abcam, Cambridge, MA) were used. After overnight
incubation at 4C, the specimens were rinsed with PBS and
incubated at room temperature for 1 h with secondary antibody
conjugated to Alexa Flour 488 donkey anti-rabbit IgG (H+L)
(Molecular Probes, Inc., OR, USA). After rinsing with PBS, all
specimens were color-developed with ProLong Gold Antifade
Reagent with DAPI (Molecular Probes, Inc., OR, USA). The
immunostaining of all specimens was performed simultaneously
to ensure the same antibody reaction and DAPI exposure
conditions.

Statistical analyses

Significant differences were analyzed by Fisher’s exact test.
P<0.05 was considered to be statistically significant and P<0.01
highly significant.

Results
DNA microarray analysis
The scatter plot of gene expression between control and 3—
TCP implanted beagle dog mandibles on 4 and 7 days after B-
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Figurel. Scatter plot of gene expression profiles between control
and B—TCP implanted beagle dog mandibles

TCP implantation are shown in Fig.1. Beta-TCP altered many
genes expression. Among those genes, the elevated mRNA level
of IGF1 and IGF2 were found.

Validation of microarray data by RT-PCR

Since the expression of IGF1 and IGF2 was up-regulated in f-
TCP group by GeneChip analysis, we examined the expression
of these genes by RT-PCR and Real-time RT-PCR. The same RNA
samples used for GeneChip were examined. We have confirmed
increased mRNA levels of IGF1 and IGF2 in B-TCP samples (Fig. 2).

Real-time RT-PCR analysis of IGF1 and IGF2 gene expression
To determine the quantity of mRNA levels, real-time RT-PCR
was performed. The results were converted to relative mRNA copy
units, and the significant increase in IGF1 and IGF2 gene
expression was shown in B-TCP implanted samples (Fig. 3).
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Figure 2, RT-PCR analysis of IGF! and IGF2 mRNA levels. The
amplification of each DNA band intensity of IGFI and IGF2 were
greater in B-TCT implanted dog mandibles than in the control. Each
GAPDH was used as an internal control.

Expression of IGFI and IGF2 in B-TCP implanted tissues

To examine the phenotypic expression of IGF1 and IGF2,
we performed immunofluorescene staining in dog mandible
tissues. The experimental group with B-TCP implants showed
more IGF1 and IGF2-positive cells than the control group.
Staining for EGFI and IGF2 was found in granulation tissue-
forming processes in the mandibles, which showed markedly
positive immunostaining in the §-T'CP implanted samples, whereas
weak staining was observed in the control group (Fig. 4).

Discussion

The rate of bone formation versus particle degradation is an
important factor. Therefore, the ideal bene substitute material can
be defined as the one that degrades in synchronous manner with
the bone formation. It has been reported that the ideal graft
substitute should reabsorb with time to atlow and encourage new
bone formation whilst maintaining its properties as an
osteoconductive scaffold untit it is no longer required®.

Although autologous graft is the golden standard for the graft
materials®™??, jt is not always possible to harvest sufficient amount
of bone due to factors such as the limitation of donor sites??*7,
Therefore, many researchers have investigated calcium phosphate
as bone graft material because of its good biocompatibility™.

B -TCP is widely used in clinical orthopedic surgery due to
its high biodegradability, osteoconductivity, easy manipulation
and lack of histotoxicity. It has also been used for bone
regeneration, including dental implant therapy. When 8 -TCP is
mixed with the blood clot and surrounded by the bony walls of
the alveolar socket, osteogenic cells, incleding undifferentiated
mesenclymal cells, start migrating from the bone surface between
and over the surface of 8 -TCP. The TCP particles attracted
osteoprogenitor cells that migrated into the interconnecting
micropores of the bone substitute material by 6 months™. 8§ -
TCP particles in the extraction sockets are clinically
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Figure 3 The quantified levels of gene expression relative to the
level of GAPDH mRNA expression were performed. The data was
converted to mRNA copy unit. Differences between ceontrol and
B -TCP group were determined using Student’s t-test, ¥, p<0.05;
** p<0.01, n=3.

osteoconductive. In our previous study, the B -TCP group showed
a higher bone formation rate at 4 and 7 days, although this
difference between the 8 -TCP and conirol groups seemed to
disappear by day 14", These findings suggest that tissue healing
and bone formation occurred at a relatively early stage, The gene
expression of COL1A1, ALP, OPN and TGF- 8 , was increased
and RANKL and IFN expression decreased in 8 -TCP-implanted

group'?,

In this study, the expression level of IGF-1 and 1GF2 was
increased in 8 -TCP-implanted group compared to the control,
as determined by GeneChip analysis. IGF1 and IGF2 are important
regulators of bone formation and promotes both osteoblast
precursor proliferation and differentiation. Body weight was
decreased by 67%, and 40%, respectively, in mice deficient in
1GF1 and IGF2 . Peak bone mineral density (BMD) was decreased
by 56%, and 18%, respectively, in mice deficient in IGF! and
IGF2 ¥, The patients with disruption of IG¥-! exhibit the peak
BMD of 4.78 SD below the mean value for ape-matched normal
subjects®™, Mice lacking the type I IGF receptor exhibited delayed
appearance of their ossification centers and delay in epiphyseal
maturation, and they usually died at birth due to generalized
hypoplasia of all muscles, including those responsible for
respiration®”. In vivo IGF-II increased the bone mineral density
in rats®, Gene knockout studies revealed that a primary function
of the IGF-II receptor is to regulate IGF-II levels, which can be
lethal if too high'®. These findings suggest that IGFs play
important roles in bone formation and remedeling. The complex
of IGF-I and its specific binding protein, IGFBP-3, may stimmlate
the osteoblastic activities via prolonged serum half life and
increased cellular association of EGF-1°?, The use of IGF-I/IGFBP-
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Figure 4. The immunostaining results for IGF1 and IGF2 at day 4 and day 7 after surgery. The nuclei were counter-stained with
ProLong® Gold antifade reagent with DAPI in accordance with the manufacturer’s instructions. The cells were visualized using
confocal laser scanning microscopy (BZ-8000, Keyence Corporation, Osaka, Japan). The merge image represents the localization
of IGF1 and IGF2 in cells. Original magnification = X20; Bar = 50 pm,

3 complex seems to be very useful and safe in older women with
recent hip fracture’®. Taking these reports together with our
findings, we propose that f-TCP may be involved in bone
remodeling and that the biodegradability of B-TCP is mediated
through IGF expression.

Conclusion

Gene therapy and tissue engineering both offer the potential
for treating clinical conditions that are now considered extremely
difficult to manage by conventional therapeutic measures and
increase our focus on the B-TCP coated with growth factors. This
work contributes to a better basic understanding of the IGF
signaling after implantation of B-TCP at an early stage, and the
characteristics of B-TCP in bone tissue.
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