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ABSTRACT

This study investigated the expression and functions of ferritin, which is involved in osteoblastogenesis,
in the periodontal ligament (PDL). The PDL is one of the most important tissues for maintaining the
homeostasis of teeth and tooth-supporting tissues. Real-time PCR analyses of the human PDL revealed
abundant expression of ferritin light polypeptide (FTL) and ferritin heavy polypeptide (FTH), which encode
the highly-conserved iron storage protein, ferritin. Immunohistochemical staining demonstrated pre-
dominant expression of FTL and FTH in mouse PDL tissues in vivo. In in vitro-maintained mouse PDL cells,
FTL and FTH expressions were upregulated at both the mRNA and protein levels during the course of
cytodifferentiation and mineralization. Interestingly, stimulation of PDL cells with exogenous apoferritin
(iron-free ferritin) increased calcified nodule formation and alkaline phosphatase activity as well as the
mRNA expressions of mineralization-related genes during the course of cytodifferentiation. On the other
hand, RNA interference of FTH inhibited the mineralized nodule formation of PDL cells. This is the first
report to demonstrate that ferritin is predominantly expressed in PDL tissues and positively regulates

the cytodifferentiation and mineralization of PDL cells.

© 2012 Elsevier Inc, All rights reserved.

1. Introduction

The periodontal ligament (PDL) is a specialized connective tis-
sue interposed between the roots of teeth and the inner wall of
tooth-supporting bone (alveolar bone). The PDL links the teeth to
the alveolar bone proper, thereby providing support, protection
and sensory input for the masticatory system [1]. It has also been
demonstrated that PDL tissues contain multipotent mesenchymal
stem cells that can differentiate into mineralized tissue-forming
cells, such as osteoblasts and cementoblasts [2,3]. Thus, the PDL
is thought to play crucial roles for not only homeostasis of peri-
odontal tissues but also bone remodeling, wound healing and tis-
sue regeneration [1]. Recent reports have demonstrated that
ferritin, a key molecule for controlling the iron concentration, reg-
ulates osteoblast differentiation [4,5]. Cytosolic ferritin is a ubiqui-
tous and highly conserved iron storage molecule that is composed
of ferritin light polypeptide (FTL) and ferritin heavy polypeptide
(FTH) [6]. Twenty-four ferritin subunits assemble to form the
apoferritin (iron-free ferritin) shell. The FTL and FTH subunits are

Abbreviations: PDL, periodontal ligament; FTL, ferritin light polypeptide; FTH,
ferritin heavy polypeptide; ALPase, alkaline phosphatase.
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encoded by separate genes and their functions are nonexchange-
able [7,8].

In the present study, we investigated the expression of ferritin
in the PDL to clarify the molecular characteristics of PDL cells.
Interestingly, we found that FTL and FTH were highly expressed
in PDL tissues in vivo and elucidated the function of ferritin for
the cytodifferentiation of PDL cells in vitro.

2. Materials and methods
2.1. RNA extraction and real-time PCR analysis

The clinical study was performed with appropriate approval
from the Institutional Ethics Committee, and informed consent
was obtained from all patients. Total RNA was extracted from cul-
tured cells and human PDL tissues freshly isolated from an ex-
tracted first premolar of patients undergoing tooth extraction
using RNA Bee (Tel-Test, Friendswood, TX) according to the manu-
facturer's protocol. Human tissue total RNAs (heart, skin, kidney,
bone marrow, spleen, testis, lung, liver, skeletal muscle, brain and
thymus) were purchased from Bio Chain (Hayward, CA). cDNA
was synthesized from the purified total RNA using a High Capacity
cDNA Reverse Transcription Kit (Applied Biosystems, Carlsbad, CA)
according to the manufacturer’s instructions. The obtained cDNA
was mixed with Power PCR SYBR Master Mix (Applied Biosystems)
and gene-specific primers (Takara Bio, Shiga, Japan). The nucleotide
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sequences of the primers are shown in Table 1. Real-time PCR was
performed using a 7300 Fast Real-time RT-PCR System (Applied
Biosystems) according to the manufacturer’s instructions. The
amplification conditions consisted of an initial 15 min denaturation
step at 95 °C, followed by 40 cycles of denaturation at 94 °C for 15 s,
annealing at 60 °C for 30 s and elongation at 72 °C for 30 s. The dis-
sociation curves were analyzed to ensure the amplification of a sin-
gle PCR product in each case. The relative expression levels were
calculated by normalization for the gene expression of hypoxanthine
phosphoribosyl transferase (HPRT) for human genes and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) for mouse genes.

2.2. Tissue preparation and immunohistochemical staining

The animal experiments were approved by the Institutional
Animal Care and Use Committee. Eight-week-old C57BL/6 mice
were anesthetized by intraperitoneal injection of Nembutal
(50 mg/kg body weight). Next, intracardial perfusion was per-
formed with physiological saline containing 5 U/ml heparin (Aven-
tis Pharma, Tokyo, Japan) for 2-3 min, followed by perfusion with
5% paraformaldehyde in 0.1 M sodium phosphate buffer (pH 7.4) at
4 °C for 15 min. Upper jaw samples containing teeth were excised,
and most of the soft tissue was removed. All of the samples were
further fixed by immersion in the above fixative overnight at 4 °C
and then demineralized in buffered 10% EDTA at 4 °C under agita-
tion for 7 days. The EDTA solution was changed daily. The samples
were then embedded in OCT compound (Sakura Finetek USA, Tor-
rance, CA) on dry ice. Serial 14 pm sections of the second molars
were cut and mounted on aminopropylsilane-coated slides. Endog-
enous peroxidase activity was inactivated by incubation with 0.3%
H,0, in PBS containing 0.3% FBS (Nichirei Bioscience, Tokyo, Japan)
for 30 min at room temperature. After blocking with 3% BSA (Kirk-
egaard & Perry Laboratories, Gaithersburg, MD) in PBS overnight at
4 °C, immunochistochemical staining was carried out following
standard procedures. A goat anti-FTL polyclonal antibody
(1:1000) and a rabbit anti-FTH polyclonal antibody (1:1000) were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA) and
used as the primary antibodies. Normal goat IgG and rabbit 1gG
(Vector Laboratories, Burlingame, CA) served as controls for the
primary antibodies. The incubations were carried out overnight
at 4 °C. After washing, the sections were reacted with biotinylated
anti-goat 1gG and biotinylated anti-rabbit IgG secondary antibodies
(Vector Laboratories) for 90 min at room temperature. A Vectastain
Avidin-Biotin Complex Kit (Vector Laboratories) and DAB solution
(20 mg DAB, 50 ml PBS, 4.5 pl H,0,) were used for signal detection.
Counterstaining was performed with Mayer’'s Hematoxylin (Muto
Pure Chemicals Ltd., Tokyo, Japan).

2.3. Cell culture and induction of PDL cell cytodifferentiation and
mineralization

We established a mouse PDL cell line, MPDL22, and a mouse
gingival fibroblast cell line, MG/B6. We maintained these cells as

Table 1
Nucleotide sequences of the primers used for real-time PCR analysis.
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previously described [9]. A preosteoblastic cell line, KUSA-AL1,
was obtained from Riken Cell Bank (Tsukuba, Japan) [10]. For dif-
ferentiation of these cells into hard tissue-forming cells in vitro,
we cultured the cells in 12-well plates until they reached conflu-
ence. At this point, we replaced the standard medium with o-
MEM supplemented with 10% FCS, 10 mM B-glycerophosphate
and 50 pg/ml ascorbic acid (mineralization-inducing medium).
Apoferritin (Sigma-Aldrich, St. Louis, MO) was added to the miner-
alization-inducing medium at various concentrations.

2.4. Western blotting analysis of FTL and FTH in PDL cells

MPDL22 cells cultured in the mineralization-inducing medium
were lysed with RIPA lysis buffer (Millipore, Billerica, MA). The
protein concentrations of the cell lysates were measured using a
Bradford 595 assay (Bio-Rad, Hercules, CA) according to the manu-
facturer’s instructions. Aliquots of the cell lysates (30 pug protein)
were separated by 12% SDS-PAGE and transferred onto polyvinyl-
idene difluoride membranes. The membranes were blocked in
TBST (50 mM Tris-HCl pH 7.5, 150 mM Nacl, 0.1% (v/v) Tween-
20) containing 5% (w/v) nonfat dried milk at 4 °C overnight. The
above-described goat anti-FTL and rabbit anti-FTH polyclonal anti-
bodies were used as the primary antibodies at a dilution of 1:1000.
Briefly, after three washes in TBST, the membranes were incubated
with the primary antibodies in TBST containing 5% milk overnight
at 4 °C. After three further washes in TBST, the membranes were
incubated with horseradish peroxidase-linked donkey anti-goat
IgG and goat anti-rabbit IgG secondary antibodies (Research &
Diagnostics Systems Inc., Minneapolis, MN) for 60 min at room
temperature. The immunoreactive proteins were detected using
an ECL Plus Kit (GE Healthcare, Piscataway, NJ) according to the
manufacturer’s instructions.

2.5. Alizarin red staining, and determination of the alkaline
phosphatase (ALPase) activity and cellular DNA content

Histochemical staining of Ca®* was performed by a modification
of the method described by Dahl et al. [11]. ALPase activity was as-
sessed according to the procedure of Bessay et al. and DNA content
was measured using a modification of the method of Labarca and
Pagien as previously described [12].

2.6. RNA interference

Short hairpin RNA (shRNA) plasmids for the mouse FTH gene
(shFTH) and a negative control (shControl) were purchased from
Santa Cruz Biotechnology. For stable transfection, we plated
2 x 108 MPDL22 celisfwell in 6-well plates. After 12 h, the cells
were transfected with the shFTH and shControl plasmids, respec-
tively, using Nucleofector kit R reagent (Lonza, Basel, Switzerland)
in accordance with the manufacturer’s protocol. After 24 h, puro-
mycin (2 pg/ml) was added to the culture medium to initiate drug
selection. After the selection, FTH expression was evaluated by

Gene Forward primer Reverse primer

Human FTL 5'-ACCATGAGCTCCCAGATTCGTC-3' 5'-CACATCATCGCGGTCGAAATAG-3'
Human FTH 5'-CAGGTGCGCCAGAACTACCA-3' 5'-CCACATCATCGCGGTCAAAG-3'
Human HPRT 5'-GGCAGTATAATCCAAAGATGGTCAA-3' 5'-GTCAAGGGCATATCCTACAACAAAC-3'
Mouse FTL 5'-CCGTGCACTCTTCCAGGATGT-3’ 5'-CCTTATCCAGATAGTGGCTTTCCAG-3'
Mouse FTH 5'-TGCGCCAGAACTACCACCAG-3’ 5'-AGAGCCACATCATCTCGGTCAA-3’
Mouse Runx2 5'-CACTGGCGGTGCAACAAGA-3’ 5'-TTTCATAACAGCGGAGGCATTTC-3'

Mouse type 1 collagen
Mouse osteocalcin
Mouse GAPDH

5'-CAGGGTATTGCTGGACAACGTG-3’
5'-AGCAGCTTGGCCCAGACCTA-3
5'-TGTGTCCGTCGTGGATCTGA-3'

5'-GGACCTTGTTTGCCAGGTTCA-3'
5'-TAGCGCCGGAGTCTGTTCACTAC-3'
5'-TTGCTGTTGAAGTCGCAGGAG-3'
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Fig. 1. Expression of FTL and FTH in human and mouse PDL tissues. (A, B) Real-time PCR was performed for the gene expression of FTL (A) and FTH (B) in various human
tissues. The expressions of FTH and FTL were normalized by the expression of HPRT. The data represent the means + SD of triplicate assays. (C, D) Immunohistochemical
analyses of FTL (C) and FTH (D) in the maxilla of 8-week-old C57BL/6 mice. Scale bars, 200 pm. (E, F) Panels (E) and (F) show higher magnification images of the boxed areas in
panels (C) and (D), respectively. Scale bars, 100 pm. AB, alveolar bone; PDL, periodontal ligament; D, dentin.

real-time PCR. Stable transfectants with FTH knockdown were then
established.

2.7. Phosphate measurement

Cells were washed twice with PBS and solubilized with RIPA ly-
sis buffer (Millipore). The Pi contents of the cell lysates were mea-
sured using a QuantiChrome Phosphate Assay Kit (BioAssay
Systems, Hayward, CA). The phosphate contents of the cells were
normalized by the protein contents and expressed as pM/mg cell
protein.

2.8. Statistical analysis

The results were presented as means * SD. Statistical analyses
were carried out using Student’s t-test for paired comparisons with
the software Excel Statistics (SSR], Tokyo, Japan). Values of P < 0.05
were considered statistically significant.

3. Results
3.1. FTL and FTH are highly expressed in human and mouse PDL tissues

First, we analyzed FTL and FTH expression in various human tis-
sues. Real-time PCR analyses revealed markedly higher expression
levels of FTL and FTH in the PDL than in the other human tissues
examined (Fig. 1A and B). These findings prompted us to investi-
gate the specific expression of FTL and FTH in periodontal tissues
in vivo. We carried out immunohistochemical analyses of FTL and
FTH expression in mouse maxilla specimens. FTL and FTH were

both predominantly expressed in the PDL tissues (Fig. 1C-F).
Expression of FTL and FTL was also observed in other soft tissues,
such as the dental pulp and gingiva, but at much lower levels than
in the PDL tissues.

3.2. FTL and FTH expressions are induced during PDL cell
cytodifferentiation in vitro

To clarify a more complete expression pattern of FTL and FTH,
we analyzed the FTL and FTH mRNA and protein expression levels
during cytodifferentiation of the mouse PDL cell line MPDL22.
Expression of FTL and FTH mRNAs and FTL and FTH proteins was
induced during the course of MPDL22 cytodifferentiation and
peaked at the early stage of the cytodifferentiation (Fig. 2). GAPDH
mRNA expression was stable during the course of the MPDL22
cytodifferentiation.

3.3. Apoferritin enhances MPDL22 cytodifferentiation and
mineralization

To examine the effects of ferritin on the cytodifferentiation and
mineralization of PDL cells, we cultured MPDL22 cells in the min-
eralization-inducing medium in the presence of apoferritin, a kind
of iron-free ferritin. First, we checked the effects of apoferritin on
the mineralization of the preosteoblastic cell line KUSA-A1. In
accordance with previous reports showing inhibitory effects of
apoferritin on osteogenesis [4,5], we confirmed that apoferritin
inhibited the mineralized nodule formation of KUSA-A1 cells in a
dose-dependent manner (Fig. 3A). We also confirmed that apofer-
ritin had no effects on the mouse gingival fibroblast cell line MG/
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Real-time PCR analyses for the gene expression of FIL (A) and FTH (B). The expression levels of FTL and FTH were normalized by the expression of GAPDH. The data represent
the means * SD of triplicate assays. (C, D) Western blotting analyses for FTL (C) and FTH (D) expression during the cytodifferentiation of MPDL22 cells.
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B6, which has no ability to undergo cytodifferentiation and miner-
alization (Fig. 3A). On the other hand, apoferritin clearly increased
the mineralized nodule formation during the course of MPDL22
cytodifferentiation in a time- and dose-dependent manner
(Fig. 3A). Moreover, apoferritin significantly increased the ALPase
activity in a dose-dependent manner (Fig. 3B). In addition, real-
time PCR analyses demonstrated that apoferritin significantly
upregulated the gene expressions of Runx2 and type I collagen dur-
ing MPDL22 cytodifferentiation (Fig. 3C). We confirmed that the
intracellular Pi concentrations of MPDL cells were not affected by
apoferritin during culture for 48 h (Fig. 3D).

3.4. RNA interference of FTH downregulates MDPL22
cytodifferentiation and mineralization

It has been reported that FTH, which has ferroxidase activity,
regulates osteoblast differentiation [4]. Thus, we established
MPDL22 cells transfected with a shRNA for the FTH gene to exam-
ine the effects of FTH knockdown on the cytodifferentiation and
mineralization of PDL cells. First, we confirmed that the transfec-
tants showed reduced FTH expression (Fig. 4A). We then cultured
the transfectants in the mineralization-inducing medium and ana-
lyzed the ALPase activity and mineralized nodule formation. The
FTH shRNA transfectants did not show significant decreases in
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the ALPase activity (Fig. 4B). However, the mineralized nodule for-
mation of the FTH shRNA transfectants was significantly inhibited
compared with the shControl transfectants (Fig. 4C). In addition,
the FTH shRNA transfectants showed strong downregulation of
Runx2, type I collagen and osteocalcin expression, compared with
the shControl transfectants (Fig. 4D). There was no difference in
the intracellular Pi concentrations between the FTH shRNA and
shControl transfectants (Fig. 4E).

4. Discussion

Our present data demonstrate for the first time that ferritin is
predominantly expressed in the PDL and enhances the
cytodifferentiation and mineralization of PDL cells. Considering
the fact that the PDL plays crucial roles in the homeostasis,
remodeling and regeneration of periodontal tissues, including the
alveolar bone and cementum, we speculate that ferritin may be
one of the key molecules involved in regulating the specific
functions of the PDL.

Iron is essential for many important cellular functions and pro-
cesses, including the cell cycle, reductive conversion of ribonucleo-
tides to deoxyribonucleotides and electron transport. Ferritin plays
a key role in maintaining iron homeostasis by binding and regulat-
ing excess intracellular iron. Cytosolic ferritin is a highly conserved



648

three-dimensional iron storage molecule that can capture up to
4500 Fe?* jons. Each hollow apoferritin (iron-free ferritin) shell is
made up of 24 FTL and FTH polypeptide chains [13,14]. Ferritin
possesses two well-studied properties as follows: iron incorpora-
tion to maintain the balance of cellular iron and ferroxidase activ-
ity, an inherent feature of FTH, to promote iron incorporation and
oxidize Fe?* into the safer Fe** form. FIL is associated with iron
nucleation, mineralization and long-term iron storage [14,15].
The expression of ferritin is under delicate control at both the tran-
scriptional and posttranscriptional levels [16,17]. Both FTL and FTH
are critical for maintaining iron homeostasis. It is well known that
tight regulation of iron homeostasis is crucial for not only main-
taining normal cellular functions but also preventing iron-medi-
ated oxidative stress [18]. Reactive oxygen species induced by
oxidative stress tightly regulate ferritin expression [19]. Hypoxia
is also involved in the translational regulation of ferritin [18].
The PDL constitutively receives mechanical stress, such as occlusal
pressure, that reduces the blood flow and leads to local hypoxia
and reoxygenation [20]. This in vivo situation may regulate the
expression and function of FTL and FTH, especially in the PDL.

It is well known that iron overload leads to both osteoporosis
and osteopenia via direct effects on osteoblast activity. Recently,
ferritin, especially FTH with ferroxidase activity, has been reported
to negatively modulate Pi-mediated calcification and osteoblastic
differentiation of human smooth muscle cells and osteosarcoma
cells mainly via the ferroxidase activity of ferritin [4,5]. The oppos-
ing effects of ferritin on PDL cells and other cell lines may arise
through different mineralization-inducing environments as well
as different cell properties in nature. PDL cells have been reported
to differentiate into either osteoblasts or cementoblasts depending
on the need and the environment. In vitro-maintained PDL cells
from rats were found to form mineralized nodules that differed
from those formed by osteoblasts [21].

To clarify the role of FTH in PDL cells during the course of their
cytodifferentiation and mineralization, we established MPDL22
transfectants with FTH knockdown. Downregulation of the cytodif-
ferentiation and mineralization-related genes Runx2, type I collagen
and osteocalcin were observed in the FTH shRNA transfectants. The
FTH shRNA also inhibited mineralized nodule formation. We fur-
ther found that ceruloplasmin, which possesses ferroxidase activ-
ity, enhanced the mineralized nodule formation of PDL cells (data
not shown). These findings clearly suggest that ferritin, probably
through the ferroxidase activity of FTH, regulates the cytodifferen-
tiation and mineralization of PDL cells.

In conclusion, we have demonstrated for the first time that FTL
and FTH are predominantly expressed in PDL tissues. Ferritin en-
hanced the cytodifferentiation and mineralization of PDL cells, at
least in part via FTH, which possesses ferroxidase activity. These
findings suggest that ferritin is involved in the homeostasis,
remodeling and regeneration of periodontal tissues. Further char-
acterization of the roles of ferritin in the cytodifferentiation of cells
may uncover novel functions for this highly conserved protein.
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ABSTRACT

Chronic periodontitis is a silent infectious disease prevalent worldwide
and affects lifestyle-related diseases. Therefore, efficient screening of
patients is essential for general health. This study was performed to evalu-
ate prospectively the diagnostic utility of a blood IgG antibody titer test
against periodontal pathogens. Oral examination was performed, and IgG
titers against periodontal pathogens were measured by ELISA in 1,387
individuals. The cut-off value of the IgG titer was determined in receiver
operating characteristic curve analysis, and changes in periodontal clinical
parameters and IgG titers by periodontal treatment were evaluated. The
relationships between IgG titers and severity of periodontitis were ana-
lyzed. The best cut-off value of IgG titer against Porphyromonas gingiva-
lis for screening periodontitis was 1.682. Both clinical parameters and IgG
titers decreased significantly under periodontal treatment. IgG titers of
periodontitis patients were significantly higher than those of healthy con-
trols, especially in those with sites of probing pocket depth over 4 mm.
Multiplied cut-off values were useful to select patients with severe peri-
odontitis. A blood 1gG antibody titer test for Porphyromonas gingivalis is
useful to screen hitherto chronic periodontitis patients (ClinicalTrials.gov
number NCT01658475).

KEY WORDS: periodontopathic bacteria, Porphyromonas gin-

givalis, fingertip blood, screening test, cut-off value, multicenter trials.
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Assessment of the Plasma/
Serum IgG Test to Screen for
Periodontitis

INTRODUCTION

Periodontitis is an infectious disease of the tissues surrounding the teeth and
is a well-known silent infectious disease worldwide. It was reported that
50% of the population has bleeding gums, and the incidence rate of periodon-
titis is 35% in the USA (Albandar, 2002). According to recent studies, chronic
periodontitis (persistent low-grade infection of periodontal pockets by Gram-
negative bacteria) is associated with increased atherosclerosis, heart disease,
diabetes mellitus, and other systemic diseases (Beck et al., 2005; Michalowicz
et al., 2006; Tonetti et al., 2007). Poor oral health may have a profound effect
on general health. Therefore, efficient screening of periodontitis patients is
essential for the maintenance of general health.

Generally, diagnosis of periodontitis is made by the examination of the
periodontal condition, such as the prevalence of periodontal pockets, mobility
of teeth, degree of tooth loss (Hefti, 1997), and behavioral factors such as
smoking (Ryder, 2007). Since periodontitis is a polymicrobial infectious dis-
ease (Walker and Sedlacek, 2007), it is recognized that infection with peri-
odontal bacteria leads to humoral immunological responses and elevates the
serum IgG antibody levels against pathogens (Murayama ef al, 1988).
Additionally, it has been reported that the serum IgG antibody titer against
Porphyromonas gingivalis (P. gingivalis) decreased corresponding to the
decrease in the bacterial count in periodontal pockets by periodontal treat-
ment (Horibe ef al., 1995). Although the usefulness of the IgG antibody test
for understanding periodontitis is recognized, this examination has not been
widely adopted worldwide.

In this study, we first analyzed data from individuals with or without peri-
odontitis, to evaluate the clinical usefulness of the blood IgG antibody titer
test against periodontal pathogens for periodontitis screening, by determining
the cut-off value of the titer using the receiver operating characteristic (ROC)
curve. Second, the clinical usefulness of the IgG antibody test was evaluated
in a nationwide clinical study on chronic periodontitis patients.

MATERIALS & METHODS
Study Design

An overview of the study is shown in Fig. 1. In cooperation with 11 university
hospitals in Japan, 618 chronic periodontitis patients without systemic disease
were registered between January 2007 and November 2009. From these, 536
patients (mean ages: 51.8 + 13.9 yrs) were diagnosed according to the Guidelines
of the American Academy of Periodentology (Krebs and Clem, 2006), and were
enrolled in this study. At a company facility in Japan, 769 employees were
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Figure 1. Flow chart of participant selection. Periodontal data were recorded by trained
dental examiners at 11 university hospitals in Japan. The average number of periodontal
lesions (PPD = 4 mm), the score of BOP, and the score for mobile teeth were calculated for
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Figure 2. Setting cut-off value of the blood IgG antibody titer test against P. gingivalis. ROC
curve of blood IgG antibody titer against P. gingivalis for the diagnosis of periodontitis. AUC,
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In physical examinations at a company

facility, serum samples were aliquoted and stored at -30°C. In quantity of whole blood was sampled, and device-treated plasma
university hospitals, the plasma from middle-finger fingertip was obtained according to the procedures prescribed by Leisure,
capillary blood was obtained. From fingertip blood, a 50-uL.  Inc. (Tokyo, Japan).
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Measurement of IgG Titers against Periodontal Bacteria

Blood (serum or plasma) IgG antibody titers against periodontal
pathogens were determined by Leisure with the enzyme-linked
immunosorbent assay (ELISA) (Murayama et al., 1988). As
bacterial antigens, sonicated preparations of P gingivalis
FDC381, Prevotella intermedia (P. intermedia) ATCC25611,
Aggregatibacter actinomycetemcomitans (A. actinomycetem-
comitans) ATCC29523, and Eikenella corrodens (E. corrodens)
FDC1073 were used. The sera from 10 healthy participants
without periodontitis (ages 20-29 yrs) were pooled and used to
calibrate the analyses. With serial dilutions of this pooled con-
trol serum, standard titration curves were prepared. The absor-
bance of each sample after reaction was defined as an ELISA
unit (EU), so that 100 EU corresponds to 1:3,200 dilution of the
calibrator sample (Appendix Table 1). According to the formula
for clinical use, the mean + 2 SD of the controls, based on the
reported dataset of IgG titers to individual pathogens among 10
healthy individuals, was defined as 1 of the standard value.

Statistical Analysis

Statistical analysis was performed with JMP 9 (SAS Institute
Inc., Cary, NC, USA). Wilcoxon’s signed-rank test was used to
evaluate individual treatment effects. The differences in levels
of IgG against periodontal pathogens among each group with
severity were analyzed by the Kruskal-Wallis and Steel-Dwass
tests. The cut-off value of IgG titer was obtained from the ROC
curve. Diagnostic efficacy evaluation was calculated and repre-
sented as sensitivity and specificity. The relation between
periodontitis and IgG titer was analyzed by the Cochran-
Mantel-Haenszel y? test, adjusted for age, with categorization by
cut-off value.

RESULTS

Screening Power of the IgG Titer Test for Periodontal
Disease

Chronic periodontitis patients (n = 536) and periodontally
healthy individuals (n = 116) were evaluated. Using ROC
curves, we found that the area under the curve (AUC) of the 1gG
titers against P. gingivalis was the largest among those of other
periodontal pathogens (P. gingivalis, 0.708; A. actinomycetem-
comitans, 0.601; E. corrodens, 0.583; P. intermedia, 0.525).
Therefore, we focused on P. gingivalis for further analysis,
based on the literature (Fischer ef al., 2003; Akobeng, 2007)
(Fig. 2). The optimal cut-off value for the test against P. gingi-
valis was 1.682. The sensitivity was 0.774, and the specificity
was 0.586 at this value. We focused on P. gingivalis and A.
actinomycetemcomitans for further analysis according to their
AUC significance.

Change of IgG Titer in Response to Treatment

We examined the change of plasma IgG titer against P. gingiva-
lis and A. actinomycetemcomitans with the initial preparation of
periodontal treatment (n = 312 after treatment). Corresponding
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to the improvement of clinical parameters (% of PPD > 4 mm,
average of PPD, % of BOP, and % of mobile teeth were
decreased: Fig. 3A) after intensive initial preparation, the plasma
IgG titers against periodontal pathogens also decreased signifi-
cantly (Fig. 3B).

IgG Titer and Severity of Periodontitis

We further evaluated whether the plasma IgG titer reflects the
severity of periodontitis by combining data obtained from
chronic periodontitis patients (n = 536) and periodontally
healthy individuals (n = 116). The variances between categories
(% of BOP and % of PPD > 4mm) were analyzed. There were
significant differences in the IgG titers against 4. actinomy-
cetemcomitans and P. gingivalis between BOP and PPD catego-
ries (Figs. 3C, 3D). In chronic periodontitis patients, IgG
antibody titer to 4. actinomycetemcomitans was significantly
higher than that of healthy control individuals, but there was no
significant increase for severity. In contrast, the titer to P. gingi-
valis increased significantly corresponding to the severity of
periodontitis.

IgG Titer against P. gingivalis in Individuals with and
without Sites of PPD > 4 mm

Finally, we evaluated the relationship between the presence of
sites of PPD > 4mm (Table) and cut-off values of IgG titer
against P. gingivalis by combining data obtained from chronic
periodontitis patients and periodontally healthy individuals. IgG
titers larger than each cut-off value were defined as positive.
Individuals with and without sites of PPD > 4 mm were more
frequently associated with positive groups of IgG titer against P,
gingivalis (P < 0.0001). Individuals with sites of PPD >4 mm
were at least 3.54 times more likely to be positive (crude odds
ratio at titer 3.36) in the IgG antibody test for periodontitis com-
pared with those without sites of PPD > 4 mm. When the cut-off
value was raised, the sensitivity decreased and the specificity
increased. At a cut-off value of 6.72, the sensitivity was 0.493
and the specificity was 0.810. Conversely, when the cut-off
value was lowered to 1.0, the sensitivity increased to 0.828 and
the specificity decreased to 0.490 (Table).

DISCUSSION

A method for the measurement of blood IgG antibody levels to
periodontal pathogens has been developed for the diagnosis of
periodontitis. However, this test has not been popularized in
general dentistry. The reasons for this are likely as follows: (1)
lack of standardized values for evaluating periodontitis, (2) psy-
chological pressure associated with the taking of blood for both
dentists and patients, and (3) lack of clinical recognition of the
benefits. In this study, we used a commercial device for painless
self-collecting of fingertip plasma from chronic periodontitis
patients, instead of regular venous blood.

Based on the results of IgG titer against P. gingivalis in each
participant, the ROC curve was drawn to determine the cut-
off value. The AUC was moderately accurate for predicting
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periodontitis. The optimal cut-off value
for the test against P. gingivalis was
1.682. The sensitivity was satisfactory,
whereas the specificity was low. The
AUC for others tested showed low accu-
racy (below 0.700), suggesting that P
gingivalis is suitable for periodontitis
screening. The age of the healthy control
population in this study was set at 20
to 39 yrs. Thus, similar investigations
among healthy people older than 40 yrs
would be interesting for comparison.

Next, we examined whether the
severity of periodontitis can be deter-
mined by this test, with P. gingivalis
and A. actinomycetemcomitans selected
according to their AUC accuracy (over
0.600). Clinical attachment level (CAL)
has been more frequently used than PPD
to evaluate the effect of periodontal
treatment. However, even if teeth have
high CAL, their PPD may be less than 3
mm. IgG titer levels must be influenced
by the size of the area of infection, not
by the history of tissue destruction.
Therefore, we preferred PPD to CAL as
a measure of periodontal severity. As
expected based on previous reports
(Alexander et al., 1996; Behle et al.,
2009), the IgG titers against both bacte-
ria were significantly decreased by peri-
odontal treatment, corresponding to
improvement in periodontal condition.
The results suggested that this test is
useful for evaluating treatment effects
from the perspective of infection levels,
and the test would be useful as a self-
evaluation system for the effects of peri-
odontal treatment. Furthermore, we
found that the titer to P. gingivalis, not to
A.  actinomycetemcomitans, increased
significantly corresponding to the sever-
ity of periodontitis. It has been reported
that the correlation between the number
of periodontal pockets and the antibody
levels to P. gingivalis was stronger than
that for A. actinomycetemcomitans
(Pussinen ef al., 2011). These results are
reasonable, since chronic periodontitis is
caused mainly by obligate anaerobic
bacteria, P. gingivalis.

Finally, the relation between peri-
odontitis and the IgG titer against P,
gingivalis was analyzed with multiple
cut-off values. No account was taken of
smoking or sex during this study. There
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Figure 3. Blood IgG antibody levels reflecting periodontal treatment and severity of
periodontitis. Individual periodontal clinical parameters {A} and plasma IgG antibody levels
against periodontal pathogens (B) of 312 chronic periodontitis patients were compared
between baseline and after intensive periodontal treatment. The periodontal clinical parameters
are % of PPD > 4 mm, average of PPD, % of BOP, and % of mobile teeth. The periodontal
pathogens were A. actinomycetemcomitans and P. gingivalis. These data were analyzed by
Wilcoxon's signed-rank test for paired samples. Box plot shows median, the lower and upper
quartiles, and the minimum and maximum of all the data. Plasma IgG antibody levels against
A. actinomycetemcomitans (C) and P. gingivalis (D} were compared among categorized groups
{% of BOP, Healthy: n = 116, 0-25: n = 307, 25-50: n = 124, > 50: n = 105; % of PPD > 4
mm, Healthy: n = 116, 0-10: n = 154, 10-30: n = 186, > 30: n = 19¢). These data were
analyzed by the Kruskal-Wallis test for overall group differences and the Steel-Dwass test for
between-group differences. Cut-off, IgG titer = 1.86 for P. gingivalis.
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Table. Relation between Pocket Depth and Cutoff Value of Blood IgG Antibody Level against P. gingivalis

Titer 1.00 1.68 3.36 5.04 6.72 8.40
Cutoff value of n/p n p n p n P n p n p n p
IgG titer (%) 24 76 29 71 41 59 51 49 58 42 62 38
Sites of PPD Absence (%) 11 12 13 10 15 8 17 5 19 4 19 4
>4 mm Presence (%) 13 64 16 61 26 51 34 44 39 38 43 34
[n = 652)
Statistical Sensitivity 0.828 0.790 0.659 0.560 0.493 0.440
analysis Specificity 0.4%90 0.565 0.646 0.769 0.810 0.837
Crude OR 4.61 4.48 3.54 4.24 4.13 4.02
95%Cl 3.10-6.86 3.30-7.21 241 -520 2.78 - 6.46 2.64 - 6.46 2.51 - 6.44
p value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

The numbers of negative and positive (n/p) individuals were converted to percentages. Severity of periodontitis was categorized into 2 groups
] p P g g p g group

based on the presence or absence of sites of PPD > 4 mm, and num

ers of participants were converted fo percentages. Total number of

participants = 652. Because percentage was rounded off, sample number of "sites of PPD > 4 mm" was different from a real number [n =
147). Statistical comparisons of the categorical variables were conducted by the Cochran-Mantel-Haenszel 2 test adjusted for age. Crude
OR, Crude odds ratio; 95%Cl, 95% confidence interval; *p < 0.0001.

were significantly more females than males in this study
(Appendix Table 2). At the university hospitals, female outpa-
tients were usually more common than males. Additionally,
females may be more health-conscious than males. Nonetheless,
analysis of our data indicated that the crude ORs were high, at
more than 3.54. Notably, the more severe the periodontitis, the
higher the crude OR. Some suggest that odds ratios greater than
4 in case-control studies provide strong support for causation
(Grimes and Schulz, 2002). Accordingly, these results indicate
the possibility that the IgG titer against P. gingivalis is associ-
ated with periodontal severity. From investigation of adults
aged over 40 yrs in parsimonious models including demo-
graphic data, smoking, and diagnosed diabetes, Dye et al.
(2009) showed that high IgG titers to P. gingivalis were most
strongly associated with periodontitis across all definitions
(OR, 2.07 to 2.74) in unadjusted models. Future investigation
controlling these factors may provide greater insights into this
relationship.

Screening the chronic periodontitis patients with the various
cut-off titers of this test may be able to detect those patients
highly sensitized with P. gingivalis. This offers a clear advan-
tage in selecting periodontitis patients at risk for lifestyle-related
diseases associated with periodontitis. In contrast, there is a
disadvantage in filtering out periodontitis patients less sensi-
tized with P. gingivalis but with clinical symptoms. They may
refrain from visiting the dental clinic, and therefore the peri-
odontitis would remain untreated. To prevent this, it is important
for screening tests to increase the sensitivity by reducing the
cut-off value, assuming a decrease in specificity. Consequently,
we consider that a cut-off value of 1.0 is the most suitable for
screening. IgG titer reflects the existence of host immune-
response against pathogens, thus showing the history of infec-
tion. Since response is delayed by the infection, sometimes the
pathogen itself is not detected. There is a report describing
the presence of P. gingivalis as the strongest determinant of the
systemic antibody response to these pathogens, and contending
that the extent of periodontitis has, at most, a modest modifying
effect (Pussinen et al., 2011). The practical use of this IgG titer
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test may lead to early detection of chronic periodontitis. In addition,
caution must be taken for periodontal patients with unusual
immune-responses, such as aggressive forms of periodontitis.
Further studies are needed for expanded indications.

In conclusion, the results of this study supported the blood
1gG antibody titer test as useful for the screening of latent peri-
odontitis patients with high IgG titers to periodontal pathogens
without subjective symptoms (Ohyama et al., 2001), and for the
prognostication of periodontitis recurrence in individuals with-
out symptoms during supportive periodontal therapy (Sugi
et al., 2011). In addition, chronic low-grade inflammation is
believed to have an effect on long-term health and on chronic
lifestyle-related diseases. Thus, it is important to establish a test
system for efficient evaluation of periodontal infection for phy-
sicians. It is possible to send plasma samples to a clinical labora-
tory by regular mail or courier. Therefore, it would be convenient
for users if an online system for ordering the kit and retrieving
test results could be established. This system facilitates peri-
odontal examination for people with no time to visit a dental
clinic.
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