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Introduction

Beta-tricalcium phosphate (8-TCP) has been
used for bone regeneration with satisfactory
results in both animal models and human
trials?. S-TCP particles in the tooth extracted
sockets are clinically osteoconductive®. Since
-TCP is a suitable bone substitute that will
biodegrade and be replaced by newly mineraliz-
ing bone tissue without fibrous tissue prolifera-
tion®, B-TCP has received increasing attention
in oral implant therapy and used as alloplastic
bone graft material for maxilla sinus bone
graft”. It was demonstrated that the early
healing of an extraction socket had been grafted
with S-TCP%». However, very little is known
about the molecular basis for mechanisms en-
hancing the bone formation and wound healing
by B-TCP. In the present study, to understand
the usefulness of #-TCP in bone tissue regener-
ation through wound healing and bone forma-
tion, S-TCP was implanted into bone defects in
beagle dog mandibles, and gene expression
profiles in bone tissues were examined.
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Materials and Methods
1. Implantation of g-TCP

Beagle dogs (body weight 13+2 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 S-TCP scaffold implant group (n=
3) and the no implant control (n=3). The left
and right mandibles of beagle dogs were divided
randomly into three time groups according to
the expected time when they would be sa-
crificed.

All beagle dogs were injected with sodium
pentobarbital (Somnopentyl®, Kyoritsu Seiya-
ku, Tokyo, Japan) at a dose 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
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an implant drill with physiologic saline cooling
under anaesthesia. The S-TCP was purchased
(B-TCP-100, >99 % pure, Taihei Chemicals
Limited, Japan) and crushed to 500-800 ym
diameter particles, and was filled into left or
right mandible bone defects (200 xg per one
defect). After surgery, each beagle dog received
an intramuscular injection of sodium ampicillin
(Viccillin®, Meiji, Tokyo, Japan) at a dose of
100 mg per kg body weight. All specimens (4.5
mm diameter, 8 mm length) were taken out in
a cylinder at 4 and 7 days after surgery, and
immersed into RNA stabilization solution (RNA
later®, Applied Biosystems, Ambion, USA).

2. RNA preparation

Implantation of B-TCP in to dog mandible
and RNA preparation were described in previ-
ous report. was extracted from each bone biopsy
using an optimized RNA extraction protocol
based on the RNeasy® Fibrous Tissue Midi Kit
Isolation System (Qiagen Ltd.) according to the
manufacturer’s protocol. One piece of a biopsy
(a maximum of a 3mm cube=25-35mg of
tissue) was placed into 350 ml of lysis buffer
(Buffer RLT, from isolation Kit) in a Lysing
Matrix A tube (FastPrep® System, MP
Biomedicals, Japan) and homogenized at 6.0 m/
s, 45s, for 6 times. Samples were processed
using the RNeasy Isolation System following
the NanoDrop manufacturer’s instructions. The
RNA quality was conformed by calculating the
OD360/250 ratio by Agilent RNA 6000 Nano kits
(Agilent, Santa Clara, CA, USA).

3. Gene chip analysis

The protocol for microarray processing was
carried out according to the GeneChip® 3’ IVT
express Kit user manual (Affymetrix, Santa
Clara, CA). Total RNA samples (100 ng) were
subjected to two-cycle target labeling according
to the Affymetrix instructions. Antisense com-
plimentary RNA (cRNA) derived from double
strand complimentary DNA (cDNA) was
labeled in the presence of biotinylated deoxyr-
ibonucleotide triphosphate (ANTP) derivatives
to produce cRNA probes. The probes were then
fragmented and hybridized on the DNA mi-
croarray (GeneChip® Canine Genome 2.0
Array, 38,000 genes ; Affymetrix). Details of
the probe set can be obtained at http://www.
affymetrix.com/products services/arrays/
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index.affx. After hybridization, the arrays were
scanned using the GeneChip® Scanner 3000 and
the scanned images were analyzed using Gene-
Chip Operating Software (Affymetrix, Santa
Clara, CA). The data was imported into GeneS-
pring GX software (Agilent Technologies, Inc
Santa Clara, CA) for selection of induced and
repressed genes in each experiment. Values
below 0.01 were set to 0.01. Each time point of
result was normalized against the median of the
corresponding standard genes (Affymetrix
manual). The presence (P) or absence (A) of
signals was re-evaluated and intensity normali-
zation was performed across the arrays. Data
analysis was performed using the GeneChip
Expression Analysis (Affymetrix, Santa Clara,
CA) and GeneSpring (Silicone Genetics, Red-
wood, CA) software packages.

4. RT-PCR and Real time PCR Analysis

RT-PCR and real-time PCR reactions were
carried out using a DNA thermal analyzer (RFN
-Gene™ 6000 ; Corbett Life Science, Sidney,
Australia). Amplification by PCR was started
with an initial incubation at 95°C for 15s to
activate the Tag DNA polymerase, and then
performed at 95 °C for 5 s and 56 °C for 15 s by
adequate cycles. RT-PCR products were
electrophoresed on 1.5 % agarose gel, followed
by staining with ethidium bromide to examine
the size of PCR products. Each assay was nor-
malized to GAPDH (glyceraldehyde-3-phos-
phate dehydrogenase) 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
GmbH, Dusseldorf, Germany). To calculate
gene expression fold changes, the initial tem-
plate 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
Company using RFN-Gene™ 6000 software.
Details were described in an operation manual,
version 1.7.40, 2006.

The DNA primer sequences were 5’-tcggagta
gtegeacetttt-3’ (the forward primer for NID1
gene) ; 5’-accacactactgggetggaa-3’ ; (the
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reverse primer for NID1 gene), (predicted
size—=157 bp) ; 5’-cccaggagaagagagggttc-3’ (the
forward primer for NID2) ; and 5’-gatgcggtagg
atcgtgttt-3’ (the reverse primer for NID2
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Fig. 1 A scatter plot of the mRNA levels of NID1, NID2 and
GAPDH expressed in S-TCP implantation.

gene), (predicted size =238 bp) ; 5’-atcaccatctt
ccaggag-3’ (the forward primer for GAPDH) ;
and 5 -atcgactgtggtcatgag-3’ (the reverse
primer for GAPDH gene), (predicted size=318
bp). Values were calculated as means+ standard
deviation (SD). Comparisons were made
between two groups using a Student’s ¢-test.

Results

B-TCP altered many gene expressions as
shown in scatter plot analysis (Fig. 1). Among
those genes we found that NID1 and NID2
mRNA levels enhanced more than 2-fold. Table
1 shows the raw mRNA signals of NID1 and
NID2 in regenerated mandible bone tissues
with or without S-TCP by “Present” signals.

To further investigate the elevated mRNA
level of the NID1 and NID2 genes, RT-PCR was
performed. As shown in Fig. 2, the mRNA level
from dog mandible bone tissue implanted S-
TCP was significantly higher than that of non-
implantation as a control in 4-, 7-day samples.
In contrast, mRNA levels of GAPDH, the
housekeeping control, showed no differences
between each B-TCP implanted sample and
control sample.
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Fig.2 RT-PCR analysis of the mRNA levels of NID1 and NID2.
An ethidium bromide-staining pattern of the amplified PCR
products after agarose gel electrophoresis.

Table 1 Raw intensity signals shown in GeneChip

4-day 7-day
Gene Genebank ID B-TCP B-TCP
Fold* Fold*
o + T %5
NID1 XM_546076 20.12 (A) 29.48 (P) 1.3 718 (A)  20.47 (P) 22
NID2 XM_537445 76.03 (P)  200.49 (P) 23 102.24 (P) 168.00 (P) 1.3

Flag (P) or (A) indicate the reliability of the data according to present (P) or absent (A) of gene expression in
GeneChip. *Fold, fold change by normalization against the median of the corresponding to control.
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Fig. 3 Real-time analysis of NID1 and NID2 mRNA levels.
Results were expressed as mRNA copy units by normalisation to
a housekeeping gene GAPDH. Differences between g-TCP im-
plantation and controls were determined using a student’s t test.
*p<0.001, n=3.

To determine the exact rates of enhancement
of NID gene expression levels, another experi-
ment was also performed using real-time PCR.
The results were converted to mRNA copy units
and the increase in NID gene expressions were
shown to be significantly different between
each S-TCP implanted sample and control.

The quantities of mRNA levels of NID and
fold changes by S-TCP implantation in dog
mandibular bone normalized by GAPDH from
the GeneChip analysis and real-time RT-PCR
were summarized in Table 2. Total amounts of
NID1, NID2 mRNA in 4 and 7 days in g-TCP
implanted sample were higher than those of

Table 2 Summary of NID1, NID2 gene expression

control.

Discussion

B-TCP particles in the extraction sockets are
clinically osteoconductive®. When particles of 2
-TCP are mixed with a blood clot and surround-
ed by the bony walls of the alveolar socket,
osteogenic cells, including undifferentiated
mesenchymal stem cells, start migrating from
the existing bone surface over the surface of the
particles. However, the molecular basis mecha-
nism is not clear. In this study, we attempted to
search the candidate genes which play a role of
osteoinductive activity by B-TCP using dog
tooth extracted socket model using a gene chip
system, and found NID1 and NID2 gene expres-
sions were enhanced by B-TCP.

The NID1 and NID2 are protein families
found ubiquitously in basement membranes”.
Human NID2 has been molecular-cloned, and
been found to share 46 % sequence identity and
a similar domain arrangement with the previ-
ously characterized basement membrane pro-
tein NID1. Recombinant NID2 was purified as a
200 kDa protein from transfected cell, which
showed a high level of N and O-glycosylation,
and could be clearly distinguished from 150
kDa of NID1®. Basement membranes are
specialized extracellular matrices found under-
lying all epithelia and endothelia as well as
mesenchymal cell®. NIDs are known ubiquitous
basement membrane proteins produced by
mesenchymal cells and mediated interactions
with extracellular matrix proteins, and pro-
motes human embryo stem cell assembly and
differentiation'!®”. Interaction of NID with
laminin, collagen IV and perlecan have been

Real-time PCR

Gene Day B-TCP GeneGhip Total mRNA levels
(Fold) mRNA copy unit Fold
Control  B-TCP Fold
~ 1074.00+ 73.74
4 1.3 P 2.6
+ 2833.61+ 21.26*
NID : | :
1 " _ L - as 2390.67 7977.65 3.3
+ i 5144.04+£223.57* ’
22267+ 28.15
NID2 ) ki = vognn ABRet > 1106.00 2829.84 2.6
7 = 13 883.331+140.03 54 ’ ; ’
+ ' 2076.16+£223.48* ’

B-TCP vs Control, *p<0.01, n=3.
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considered important for basement membrane
formation. The wound healing requires base-
ment membrane reformation, and it has been
studied in NID1 deficient mice. Interestingly,
the impaired wound healing was found in mice
lacking NID1'V. NID1 and NID2 knockout mice
showed a reduced BMPs within the developing
limb. NIDs may interplay between growth fac-
tors and the extracellular matrix, and may
change bone formation'?. Taken together with
our finding, the enhancement of NID gene
expression by S-TCP might be one of molecular
mechanisms accelerating in wound healing and
bone formation.
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