
Nozaki T et al., AATEX 11(1), 79-85, 2005 

79 

Introduction 
Periodontal diseases are initiated by microbial 
plaque, which can accumulate in the gingival 
crevice region and induce an inflammatory re-
sponse. This inflammation, known as chronic gin-
givitis, may progress to a chronic destructive in-
flammatory condition, known as periodontitis, in 
susceptible individuals. Morbidity associated with 
periodontal disease is high. However, several is-
sues related to its pathogenic mechanism remain 
unclear. One difficulty in elucidating the patho-
genic mechanism of human periodontal disease is 
the heterogeneity of the causal and contributory 
factors, including the genetic background, history 
of illness and variation in lifestyles. For example, 
periodontal disease is a multifactorial disease that 
may be affected by the host’s lifestyle, physical 
activity (Nicolau et al., 2003; Merchant et al., 

2003) and genetic factors (Kinane et al., 2003; 
Diehl et al., 2003). Therefore, powerful tools are 
necessary for studying this disease.  

At Osaka Dental University, Osaka-Dental 
-University-Susceptible rats (ODUS/Odu), which 
exhibit a high frequency of dental plaque forma-
tion and gingivitis, were developed in 1972 by se-
lective breeding of Wistar-Kyoto rats (Ito et al., 
1975; Ito et al., 1981; Ohura et al., 1984). Thereaf-
ter, ODUS/Odu has been maintained as an inbred 
line. A resistant strain, designated Osaka-Dental- 
University-Resistant rats (ODUR), has been used 
as a control animal.  

In this study, we investigated embryonic fi-
broblasts obtained from 13.5-day-old embryos of 
ODUS/Odu in order to evaluate the use of ODUS/ 
Odu-derived cells as an alternative to animal mod-
els for biomedical research. Since ODUS/Odu 
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Abstract 
Osaka-Dental-University-Susceptible rats (ODUS/Odu) are a useful animal model for human perio-
dontal disease. Through comprehensive gene expression profiling, we aimed to evaluate the utility of
ODUS/Odu-derived cells as an alternative to animal models for biomedical research into human
periodontal disease. Using a GeneChip Rat Expression Array containing 15923 probes, the gene ex-
pression profiles of embryonic fibroblasts obtained from 13.5-day-old embryos of ODUS/Odu or con-
trol rats were comprehensively analyzed. This profiling revealed alterations in some genes that are
likely to be related to periodontal disease in ODUS/Odu, based on a comparison with genes found in
databases. Osteopontin (OPN), which is involved in immune defense reactions, bone metabolism and
chronic inflammation, was among the genes whose expressions were significantly altered. Real-time
RT-PCR analysis showed that the OPN mRNA level was increased by more than 5.8-fold in
ODUS/Odu. Moreover, the expression of CD44, a receptor for OPN, was also increased by more than
2.2-fold in ODUS/Odu. These findings support the view that OPN expression is associated with the
progression of human periodontal disease. Therefore, these ODUS/Odu-derived cells may be a useful
tool for studying the molecular mechanisms that underlie periodontal disease in humans.  
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represents a powerful animal model of human 
periodontal disease, we aimed to provide opportu-
nities for examining the molecular mechanisms 
underlying this disease in humans by elucidating 
the gene expression profiles of ODUS/Odu-derived 
cells. 
 
Materials and Methods 
Cell Culture 
The primary cells used were rat embryonic fibro-
blasts (REFs) derived from 13.5-day-old embryos. 
The cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) with high glucose 
(Sigma-Aldrich, St. Louis, MO, USA) supple-
mented with 10% fetal bovine serum (Invitrogen, 
Carlsbad, CA, USA) at 37°C in a humidified 5% 
CO2 atmosphere. S1 and S2 REFs were derived 
from ODUS/Odu littermates. Co REFs were pre-
pared from an ODUR embryo as a control. After 5 
passages, S1, S2 and Co were subjected to Ge-
neChip analyses. 
 
Comprehensive Gene Expression Analysis using 
a GeneChip Array 
Total RNA was extracted from each of the three 
cell preparations using ISOGEN (Nippon Gene Co. 
Ltd., Tokyo, Japan) according to the manufac-
turer’s instructions, and used as a template for in 
vitro cRNA synthesis. The synthesized cRNA was 
hybridized to GeneChip Rat Expression Array 
230A (Affymetrix Inc., Santa Clara, CA, USA) 
containing 15923 probes, and the signals obtained 
were comprehensively compared. The gene ex-
pressions were quantified, and a comparison 
among the three arrays (two experimental samples 
and the control) was carried out (Takara Bio Inc., 
Ohtsu, Japan). Genes showing a significant change 
of more 2-fold among the probes detected by the 
transcripts were identified. Data and statistical 
analyses were performed using GeneSpring ver-
sion 6.1 bioinformatics algorithms (Silicon Genet-
ics, Redwood City, CA, USA). The biological sig-
nificance of each of the extracted genes was 
checked in the OMIM and PubMed databases 
(http://www.ncbi.nlm.nih.gov/). 
 
Quantitative Real-time RT-PCR Assay 
Real-time RT-PCR was performed using a 
Real-Time RT-PCR Core Kit (Takara Bio Inc.) to 
examine the expression levels of rat OPN (Spp1; 
GenBank Accession No. NM_012881) and rat 
CD44 (CD44; GenBank Accession No. 
NM_012924). The PCR primers (OPN: sense: 

5’-CCTGACCCATCTCAGAAGC A-3’, antisense: 
5’-GTCGTCGTCATCATCGTCCA -3’; CD44: 
sense: 5’-AAGTGGGAATCAAGA CAGTGGA-3’, 
antisense: 5’-ATGCAGACGGCAAGAATCAG 
-3’) were designed for positions that held the in-
tron. In order to avoid amplification of the genome 
derivation, PCR amplification was performed with 
an initial incubation at 95°C for 10 seconds, fol-
lowed by 45 cycles of 95°C for 5 seconds and 
60°C for 20 seconds. Rat β-actin (GenBank Acces-
sion No. NM_031144) was used as an internal 
control. The experimental values obtained in the 
quantitative analysis were corrected by the internal 
control values.  
 
Enzyme-linked Immunosorbent Assay (ELISA) 
Cells were inoculated at 3x105 cells/100-mm dish 
in DMEM with high glucose (Sigma) supple-
mented with 10% fetal bovine serum, and cultured 
for 3 days. The culture media were collected. The 
amounts of OPN in 100 l aliquots of the culture 
media were measured using a solid-phase sand-
wich ELISA kit (IBL Co. Ltd., Gumma, Japan) that 
utilized two types of high-specificity antibodies 
against rat OPN. Tetramethylbenzidine was used as 
the coloring agent and the absorbance of each 
sample was measured at 450 nm using a mi-
croplate spectrophotometer. The concentration of 
each biomarker was calculated from the standard 
curve included in each assay kit. The intensity of 
the colored product was directly proportional to the 
concentration of rat OPN present in the original 
specimen. The assays were independently per-
formed four times. Differences among values were 
evaluated statistically by Mann-Whitney U-tests 
using SPSS software version 12.0J (SPSS Inc., 
Chicago, IL, USA). To determine the concentra-
tions of OPN in the cell culture media, diluted 
standards of rat recombinant OPN were prepared 
to create a standard curve. 
 
Results 
Gene Expression Profiling of Approximately 
15923 Probes in ODUS/Odu-derived REFs 
Analyses were performed on S1 (ODUS/Odu), S2 
(ODUS/Odu) and Co (ODUR) samples. The genes 
in the array that demonstrated a significant in-
crease or decrease in their expression level by 
two-fold or more were extracted (n=194). Data and 
statistical analyses were performed using 
GeneSpring version 6.1 bioinformatics algorithms 
(Silicon Genetics). After exclusion of 120 ESTs, 
the remaining 74 genes that showed two-fold or  
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greater changes in their expression are listed in 
Table 1. As shown in Fig. 1, scatter plots for the 
mRNA levels based on the positive signal values in  
S1 versus Co and S2 versus Co exhibited dispersed 
distribution patterns. The dots were linearly scat-
tered, and S1 and S2 showed the same features 
(Fig. 1). The numbers of dots that deviated from 
the hatched diagonal lines were calculated using 
the GeneSpring software. The total number of dots 
that showed two-fold or greater changes in their 
gene expression was 194. Compared to the control 
(Co), the genes showing up-regulated expression 
(dots above the upper hatched diagonal line) in 
ODUS/Odu comprised 8.6% (S1) and 12.7% (S2) 
of all genes, while those showing down-regulation 

(dots below the lower hatched diagonal line) com-
prised 5.8% (S1) and 19.4% (S2) of all genes (Ta-
ble 2). 
 
Quantitative Expression Analyses of OPN and 
CD44 mRNA Levels in ODUS/Odu- derived 
REFs 
Quantitative analyses were performed by real-time 
RT-PCR. After correction for the internal control 
values, the relative expression levels were com-
pared between ODUS/Odu and ODUR. The OPN 
and CD44 mRNA levels were increased by more 
than 5.8- and 2.2-fold, respectively, in both S1 and 
S2 REFs derived from ODUS/Odu (Fig. 2A, 2B). 
 

 

Fig. 1 
Scatter plots of the 15923 gene expression levels in ODUS/Odu-derived REFs (S1 and S2) versus
control REFs (Co). Left panel: S1; right panel: S2. The solid diagonal lines indicate equivalent ex-
pression in ODUS/Odu and control REFs, while the hatched diagonal lines delineate two-fold
changes in the gene expression. 
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Detection of Osteopontin Secreted into the Cell 
Culture Media by ODUS/Odu-derived REFs  
The levels of OPN secreted into the cell culture 
media were measured, and found to be 193.2, 
338.2 and 2.2 ng/mL for S1, S2 and Co, respec-
tively. Therefore, the amounts of OPN secreted 
into the cell culture media by the ODUS/Odu 
REFs were approximately 8.7-fold higher in S1 
and 15.2-fold higher in S2 compared to Co REFs 
(Fig. 3). The values represent the mean ± SE of 

four independent experiments in each group. A 
statistically significant difference in the amount of 
secreted OPN in the cell culture media was 
detected between each of the ODUS/Odu-derived 
REFs and the control REFs (p<0.05).  
 
Discussion 
Our results represent the first reported gene ex-
pression profile for ODUS/Odu. Among the 74 
genes up- or down-regulated in ODUS/Odu, sev-

eral are likely to be related to 
periodontal disease based on com-
parisons to known genes in data-
bases. We selected some of these 
genes based on their biological sig-
nificance, particularly those re-
ported to be involved in immu-
nological reactions, inflammation 
or bone metabolism, which are 
associated with human periodontal 
disease. For example, we selected 
Spp1, Anx3, Tgfb2 and Igfbp5 
among the up-regulated genes, and 
Fbn2, Agc1, Col18a1 and MMP3 
among the down-regulated genes. 
Among these up-regulated genes, 
TGFb2 (transforming growth factor 
beta 2) has been detected in the 
lining epithelia of inflamed gingiva 
(Ye et al., 2003). TGFb2 activates 
NF-kappaB, blocks apoptosis and 
is essential for cell survival (Lu et 
al., 2004). However, when turnover 
of damaged tissues is inhibited, cell 

Fig. 3 
Secreted osteopontin was measured in 100 l aliquots of the cell
culture media using an ELISA. The values represent the mean ±
SE of four independent experiments in each group. *: p<0.05 vs.
the control REFs (Co). 

 

 

Fig. 2
Quantitative expression analysis
by real-time RT-PCR. The Y-axis
shows the relative expression
level, while the X-axis indicates
the names of the REFs. A: The
osteopontin mRNA levels are up-
regulated by more than 5.8-fold in
the two ODUS/Odu- derived REFs
(S1 and S2) compared with con-
trol REFs (Co). B: The CD44
mRNA level is up-regulated by
more than 2.2-fold in the two
ODUS/Odu-derived REFs (S1 and
S2) compared with control REFs
(Co). 
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survival may enhance chronic inflammation. 
Moreover, the up-regulated genes included 
chemokines such as macrophage inflammatory 
protein-1 beta (MIP-1b), which is known to be 
expressed in inflamed human gingival tissues 
(Kabashima et al., 2002; Garlet, 2003), although its 
expression was only slightly increased (approxi-
mately 1.5-fold) in our profile. On the other hand, 
Fbn2, Agc1 and Col18a1 were among the 
down-regulated genes. Mutations of fibrillin-1 and 
the highly homologous Fbn2 (fibrillin-2) have 
been reported to induce connective tissue disorders 
and cause a syndrome involving severe periodonti-
tis and microfibrillopathy (Robinson et al., 2000; 
Straub et al., 2002). In cartilage, Agc1 (aggrecan 1) 
forms aggregates with hyaluronan and links pro-
teins embedded in a collagen network. Therefore, 
Agc1 degradation may contribute significantly to 
the destruction of connective tissues. Agc1 is also a 
target of immune regulation in inflammatory dis-
eases of humans and mice (Buzas et al., 1996; 
Fraser et al., 2003; Glant et al., 2003). Col18a1 
(collagen type XVIII alpha 1) interacts with mole-
cules present in basement membranes or on the 
basal surface of epithelial cells (Muragaki et al., 
1995). Taken together, this genetic background 
may cooperatively induce periodontal disease in 
ODUS/Odu. 

Among the listed genes, we focused on OPN 
because it is abundant in bone, and plays roles in 
bone metabolism (Denhardt et al., 1998) as well as 
in immune defense reactions in chronic inflamma-
tion (Ashkar et al., 2000; Gravallese et al., 2003). 
Moreover, it is a candidate clinical marker of the 
progression of human periodontal disease. For 
example, a relationship between pocket depth and 
OPN quantity in the gingival crevicular fluid has 
been reported in human periodontal disease (Kido 
et al., 2001). We showed that the OPN mRNA 
level was increased by more than 5.8-fold in 
ODUS/Odu REFs compared to the control REFs. 
This observation is consistent with our finding that 
the amount of OPN secreted into the cell culture 
fluid was more than 8.7-fold higher in ODUS/Odu 
REFs than in the control REFs.  

To confirm that the regulation of the OPN 
signaling pathway was altered, the CD44 mRNA 
level was investigated and found to be more than 
2.2-fold higher in ODUS/Odu REFs than in the 
control REFs. OPN contains an argin-
ine-glycine-aspartate integrin-binding motif and 
interacts with a variety of cell surface receptors, 
including integrins vβ3, vβ5, vβ1, 4β, 8β1 

and α9v as well as CD44. Binding of OPN to 
these cell surface receptors stimulates cell adhe-
sion, migration and specific signaling functions. 
Thus, the functions of OPN in osteoclasts are con-
sidered to be promotion of cell adhesion and 
chemotaxis during bone resorption (Suzuki et al., 
2002; Weber et al., 1996). Moreover, OPN is a re-
quired osteoclast autocrine factor that mediates 
CD44 surface expression and regulates osteoclast 
motility and bone resorption (Chellaiah et al., 
2003). We demonstrated that the OPN/CD44 sig-
naling pathway was induced in ODUS/Odu, sug-
gesting that ODUS/Odu has a background that en-
hances OPN activity. This genetic profile may be 
the foundation of the periodontopathic phenomena 
observed in ODUS/Odu. 

We conclude by proposing that ODUS/ 
Odu-derived REFs represent a substitute for re-
search into human periodontal disease using ani-
mal models, since they are a useful tool for eluci-
dating the possible mechanisms that underlie hu-
man periodontal disease.  
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