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It has been established that the etiol-

ogy of human periodontal disease is

dental plaque, a biofilm consisting of

more than 500 different bacterial spe-

cies and their products (1,2). Epidemi-

ological data, from both longitudinal

and cross-sectional studies, strongly

suggest that a population shift towards

gram-negative anaerobic species in
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Background and Objective: Forsythia detaching factor (FDF) is a putative viru-

lence factor of Tannerella forsythia that induces detachment of adherent cells and

interleukin-8 production in human fibroblasts. The objective of the present study

was to clarify the relationship between anti-FDF IgG levels in gingival crevicular

fluid and the clinical status in patients with periodontitis and in healthy subjects.

Material and Methods: Gingival crevicular fluid and subgingival plaque samples

were obtained from both the diseased and healthy sites of 37 patients with peri-

odontitis and from 30 healthy subjects. Anti-FDF IgG levels were evaluated, and

both the fdf gene and T. forsythia 16S ribosomal RNA (rRNA) were detected

using the PCR.

Results: Anti-FDF IgG levels (of both diseased and healthy sites) of patients with

periodontitis were significantly higher than those of healthy subjects. Among the

patients with periodontitis, anti-FDF IgG levels of healthy sites were significantly

higher than those of diseased sites and the levels showed negative correlations with

probing pocket depth and clinical attachment level. Among the patients with

periodontitis, T. forsythia 16S rRNA was detected in 18 of 37 diseased sites and in

5 of 29 healthy sites, and the fdf gene was detected in 19 of 37 diseased sites and in

7 of 29 healthy sites. By contrast, no healthy subjects were positive for T. forsythia

16S rRNA or the fdf gene.

Conclusion: These data suggest that anti-FDF IgG levels in gingival crevicular

fluid are related to the periodontal status.
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dental plaque is responsible for the

initiation and progression of peri-

odontal disease. Therefore, under-

standing the microbial pathogenesis of

periodontal disease requires a detailed

analysis of the complicated interac-

tions between the host and gram-neg-

ative anaerobic bacterial species in the

periodontal environment. Porphyro-

monas gingivalis, Treponema denticola

and Tannerella forsythia comprise a

�red complex� of species that is highly

correlated with periodontal disease

sites (3). One of these species of bac-

teria, T. forsythia, is a gram-negative,

anaerobic, fusiform bacterium. The

association of T. forsythia with peri-

odontitis, including chronic and

aggressive periodontitis, has been

observed in a number of studies from

populations around the world (4). The

roles of P. gingivalis and T. denticola

are well established in periodontitis

development and progression. How-

ever, only a few putative virulence

factors of T. forsythia have been iden-

tified, such as a trypsin-like protease

(5), a sialidase (6), a cell-surface-asso-

ciated and secreted BspA protein (5), a

hemagglutinin (7), components of the

bacterial S-layer (8), methylglyoxal

production (9), an apoptosis-inducing

activity (10) and forsythia detaching

factor (FDF) (11). These factors may

initiate disease by providing bacterial

growth in the periodontal pockets

by eliminating host immune cells

through the induction of apoptosis or

necrosis. Recently, we reported that

FDF induced the production of a

pro-inflammatory cytokine, interleu-

kin-8, in normal fibroblasts (12).

There are some reports that patients

with periodontitis have high levels of

antibody against periodontopathic

bacteria (13–16). However, few

reports have examined the immune

response against purified antigens of

T. forsythia in patients with peri-

odontitis and none has examined the

correlation between periodontitis and

FDF. The objective of this study was

to determine the relationship between

anti-FDF immunoglobulin G (IgG)

levels in gingival crevicular fluid and

clinical parameters in patients with

periodontitis and periodontally healthy

subjects, and to confirm the existence

of the fdf gene in subgingival plaque

using the conventional PCR.

Material and methods

Study population

Thirty-seven patients with chronic or

aggressive periodontitis (14 men and 23

women; mean age 48.6 ± 13.0 years)

were recruited from the Section of

Periodontology, Dental Hospital,

Tokyo Medical and Dental University.

Each patient had more than 20 teeth

present and exhibited at least two teeth

with > 4 mm probing depth in half of

the jaw. Thirty periodontally healthy

subjects (9 men and 21 women; mean

age 27.3 ± 7.3 years) constituted the

control group. In neither group did

subjects have severe systemic disease

that might affect the immunological

response, had not previously received

periodontal treatment, and had

received no antibiotics for the past 3 mo.

A summary of the clinical charac-

teristics of the study population and

sampling sites are listed in Table 1A,B,

respectively. All subjects gave informed

consent for the collection of gingival

crevicular fluid and subgingival plaque

samples and for periodontal status

assessment. This study was approved

by the Ethical Committee of our

university.

Collection of gingival crevicular fluid

In patients with periodontitis, gingival

crevicular fluid samples were collected

from two selected sites according to

probing pocket depth: healthy sites

£ 3 mm (n = 29) and diseased sites

‡ 4 mm (n = 37). In periodontally

healthy subjects, a site with a peri-

odontal index score of 0 and no

bleeding on probing was selected as the

collection site. Generally, the samples

were taken from the mesio-buccal site

of the maxillary left first premolar; for

subjects missing this tooth, samples

were taken from the maxillary right

first premolar. Areas of collection were

isolated with cotton rolls to avoid

contamination with saliva, gently air

dried and supragingival plaque was

carefully removed using sterile cotton.

Gingival crevicular fluid was collected

on sterile paper strips (Periopaper�;

Oraflow Inc., Smithtown, NY, USA).

The paper strip was inserted at the

bottom of the pocket or sulcus until

slight resistance was felt, held in place

at the site for 30 s and transferred to a

microtube following measurement of

the volume of gingival crevicular fluid.

The volume of gingival crevicular fluid

in the paper strip was measured using a

Periotron-6000� reader (Oraflow Inc).

Sufficient amounts of gingival crevicu-

lar fluid for ELISA were obtained from

the same sites. Gingival crevicular fluid

was extracted from the paper strips

into 200 lL of phosphate-buffered

saline (PBS: 50 mM, pH 7.2, containing

0.05% Tween 20) by gentle shaking for

15 min. Paper strips suspected of being

contaminated with blood and saliva

were excluded from the study. The

samples were stored at )80�C until

required for assay. Following collec-

tion of the gingival crevicular fluid

samples, clinical measurements were

carried out to characterize the sampled

sites.

Preparation of the recombinant FDF

The recombinant FDF used in this

study has been reported previously

(11). Briefly, the expression plasmid,

pQE-FDF, which contains the entire

fdf structural gene, was constructed.

The transgenic Escherichia coli strain

BL21 (DE3) carrying this plasmid was

cultured in Luria–Bertani broth

and induced with 400 lM isopropyl-b-
D-thiogalactopyranoside. The bacterial

cells were harvested, sonicated with

phosphate buffer (10.1 mM Na2HPO4,

1.76 mM KH2PO4, 400 mM KCl) and

centrifuged to obtain the cleared lysate.

The lysate was loaded onto a Nickel–

Sepharose column and the recombinant

FDF was eluted using imidazole

concentrations of between 300 and

500 mM without any contaminants.

The purified protein was desalted with

PBS, concentrated and stored at

)80�C.

Biotinylation of recombinant FDF

Recombinant FDF (rFDF) was

biotinylated using the EZ-Link� Sulfo-

NHS-LC-Biotinylation kit (Pierce,
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Rockford, IL, USA) according to the

instructions given in the manufac-

turer�s manual (PIERCE 21435). In

brief, 1 mg (approximately 17 nmoles)

of rFDF was dissolved in 1 mL of PBS

and reacted with 30 lL of 10 mM

EZ-Link� Sulfo-NHS-LC-Biotinylation

reagent (0.3 lmoles) for 1 h on ice. The

reaction mixture was then applied to

the Sephadex G-50 column (5-mL bed

volume) equilibrated with PBS and the

protein fraction and the salt-fraction

containing the unreacted reagent were

separated.

ELISA for anti-FDF IgG

Measurement of anti-FDF IgG con-

centrations in the gingival crevicular

fluid was carried out using an ELISA.

In brief, avidin-conjugated ELISA

plates (NUNC IMMOBILIZER

STREPTAVIDIN CLEAR F96; Nunc

A/S, Roskilde, Denmark) were coated

with 100 lL of biotinylated FDF

diluted to 0.01 mg/mL in PBS buffer

(pH 7.5) and incubated at room tem-

perature for 2 h. After washing, 20 lL
of gingival crevicular fluid in 80 lL of

0.05% fetal calf serum/PBS was loaded

into duplicate coated wells and incu-

bated at room temperature for 1 h.

Then, 100 lL of rabbit anti-human

horseradish peroxidase-conjugated

IgG, diluted 1 : 20,000 in PBS-Tween,

was added and incubated for 1 h with

shaking at room temperature. After

extensive washing of the plates, 100 lL
of tetramethyl-benzidine (Pierce) sub-

strate solution was added and incu-

bated at room temperature with

shaking for 15 min. Finally, 100 lL of

2 M H2SO4 was added to stop the

reaction and initiate the final color

change. Plates were read at A450 and

background A640 on an automated

microplate spectrophotometer (VERSA

max�; Tunable Microplate Reader;

Molecular Devices Corporation, Sun-

nyvale, CA, USA). The amount of

anti-FDF IgG in the samples was cal-

culated using a standard curve

obtained with polyclonal anti-rabbit-

FDF (11). To transform the Periotron

digital readings for each paper strip

into volumes, known volumes of

distilled water were delivered to

Periopaper� in a range of volumes

(0.1–1.0 lL). Each measurement was

performed three times, and the mean

value for each volume was used in a

linear regression analysis from which

the slope and the intercept were used to

determine the volumes of gingival cre-

vicular fluid collected. The concentra-

tion of anti-FDF IgG (ng/lL) was

calculated by using the following for-

mula: total amount of anti-FDF IgG

(ng)/gingival crevicular fluid volume

(lL). The concentration of IgG was

designated as the IgG level in this

report.

Microbiological study

Subgingival plaque was obtained from

the same site from which gingival cre-

vicular fluid was collected in both

groups. A subgingival plaque sample

was taken using a sterile paper point,

as described previously by Takeuchi

et al. (17), with some minor modifica-

tions. Briefly, the tooth was cleaned

with sterile cotton for removing

supragingival plaque and then an

absorbent sterile paper point was

pushed down to the bottom of the

Table 1. Clinical characteristics of (A) the study population and (B) sampling sites

(A)

Periodontally healthy subjects Periodontitis patients

n = 30 n = 37

Age (years) 27.3 ± 7.3 48.6 ± 13.0*

Gender (male : female) 9 : 21 14 : 23

Number of teeth 27.4 ± 1.2 26.9 ± 3.2

Bleeding on probing (% of sites) 2.3 ± 6.8 48.0 ± 30.0*

Mean probing pocket depth (mm) 1.7 ± 0.2 3.4 ± 1.0*

Mean clinical attachment level (mm) 1.7 ± 0.3 3.8 ± 1.4*

(B)

Periodontally

healthy subjects

Periodontitis patients

Diseased sites

PPD ‡ 4 mm

Healthy sites

PPD £ 3 mm

n = 30 n = 37 n = 29

Probing pocket depth (mm) (sampling site) 2.3 ± 0.6 5.7 ± 1.6** 2.1 ± 0.7

Clinical attachment level (mm) (sampling site) 2.4 ± 0.6 6.3 ± 1.7** 2.4 ± 1.0

Gingival crevicular fluid volume (lL) 0.79 ± 0.25 0.86 ± 0.23*** 0.72 ± 0.15

Data are expressed as mean ± standard deviation.

PPD, probing pocket depth.

*Statistically significantly higher than periodontally healthy subjects (Mann–Whitney U-test, p < 0.05).

**Statistically significantly higher than healthy sites (Mann–Whitney U-test, p < 0.05).

***Statistically significantly higher than healthy sites in periodontitis patients (Mann–Whitney U-test, p < 0.05).
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selected pocket, where it was left in

place for 30 s. The paper point was

immediately transferred to a microtube

containing sterile distilled water and

stored at )80�C until use.

Bacterium-specific PCR

The bacterial cells in the microtube

were dispersed by vortexing for 60 s.

After washing, genomic DNA was

isolated by heating at 100�C for 10 min

as described in a previous report (18).

The presence of bacterial DNA for

T. forsythia and fdf genes in the plaque

samples from each patient was exam-

ined using conventional PCR. The

PCR primers used in this study are

listed in Table 2. The PCR assay was

carried out as previously described

(18). Briefly, the PCR mixture for

T. forsythia contained 1.0 lM of the

primer pair, 1.5 mM MgCl2, 0.2 mM of

deoxyribonucleotide triphosphate

(Promega, Madison, WI, USA),

1 · reaction buffer (Promega), 1.25

units of Taq DNA polymerase and

5 lL of template DNA in a 50-lL
reaction volume. Amplification by

PCR was performed in a DNA thermal

cycler (Veriti 200; Applied Biosystems

Inc., Foster City, CA, USA). The PCR

temperature profile for T. forsythia

included an initial denaturation at

95�C for 2 min, followed by 36 cycles

of 95�C for 30 s, 60�C for 1 min, 72�C
for 1 min and a final extension at 72�C
for 2 min. PCR procedures for fdf were

carried out as follows. The PCR mix-

ture for fdf contained 1.0 lM of the

primer pair, 1 · PrimeSTARTM Max

Premix (Takara Bio Inc., Shiga, Japan)

and 5 lL of template DNA in a 50-lL
reaction volume. The PCR tempera-

ture profile for fdf included an initial

step at 95�C for 1 min, followed by 25

cycles of 95�C for 10 s, 55�C for 5 s,

72�C for 5 s and a final extension at

72�C for 7 min. Following amplifica-

tion, 10-lL aliquots of PCR products

were analyzed by electrophoresis on a

1.0% agarose gel. The gel was stained

with 0.01 lg/mL of ethidium bromide

and photographed under ultraviolet

light at 300 nm. The size of the PCR

products was estimated using a 1-kb

DNA ladder as a molecular weight

marker.

Statistical analysis

Data were expressed as means ± stan-

dard deviations. The Mann–Whitney

U-test was applied for evaluating

differences in clinical and biochemical

parameters between patients with

periodontitis (both the diseased and

healthy sites) and periodontally healthy

subjects and between healthy sites and

diseased sites among patients with

periodontitis. The correlations of anti-

FDF IgG levels to clinical parameters

were evaluated using Pearson�s corre-

lation coefficient.

Results

Patient characteristics

Table 1A lists the characteristics of the

patients with periodontitis (n = 37)

and those of periodontally healthy

subjects (n = 30). The mean probing

pocket depth, the mean clinical

attachment level and bleeding on

probing in patients with periodontitis

were significantly higher than those in

periodontally healthy subjects (p <

0.05). In addition, there were statisti-

cally significant differences in age,

which was higher in the periodontitis

group. Table 1B lists the characteristics

of the sampling sites in the patients

with periodontitis and in the peri-

odontally healthy subjects. Probing

pocket depth (at the sampling site) and

clinical attachment level (at the sam-

pling site) in diseased sites of patients

with periodontitis were significantly

higher than those in healthy sites of

patients with periodontitis and peri-

odontally healthy subjects (p < 0.05).

The gingival crevicular fluid volume in

diseased sites of patients with peri-

odontitis was significantly higher than

that in healthy sites of patients with

periodontitis (p < 0.05).

Anti-FDF IgG levels in patients with
periodontitis (both the diseased and
healthy sites) and healthy subjects

Gingival crevicular fluid samples were

collected from 37 diseased and 29 heal-

thy sites of 37 patients with periodonti-

tis and from 30 sites of 30 periodontally

healthy subjects. The mean values of

anti-FDF IgG levels in the gingival

crevicular fluid of patients with peri-

odontitis (diseased sites: 2.60 ± 2.58

ng/lL; healthy sites: 15.14 ± 16.90 ng/

lL) were significantly higher than those

of periodontally healthy subjects (0.79

± 0.25 ng/lL) (p < 0.05) (Fig. 1A,B).

Among the patients with periodontitis,

mean antibody levels from healthy sites

were 15.14 ± 16.90 ng/lL, signifi-

cantly higher than those from diseased

sites, 2.60 ± 2.58 ng/lL (p < 0.05)

(Fig. 1C).

Correlation coefficients of anti-FDF
IgG levels in gingival crevicular fluid
and clinical parameters in patients
with periodontitis

Correlations between anti-FDF IgG

levels in gingival crevicular fluid and

clinical parameters of the sampling sites

were analyzed using Pearson�s correla-
tion coefficient. Table 3 presents the

correlation between anti-FDF IgG lev-

els and probing pocket depth or clinical

attachment level in 29 healthy sites and

37 diseased sites of the patients with

periodontitis. The correlation coeffi-

cient between anti-FDF IgG levels in

gingival crevicular fluid and probing

pocket depth (at the sampling site) was

)0.444 and that between anti-FDF IgG

levels in gingival crevicular fluid and

clinical attachment level (at the sam-

Table 2. PCR primers used in this study

Gene target Primer sequence (5¢ fi 3¢)
Product

size (bp)

Tannerella forsythia

16S rRNA

Forward: GCG TAT GTA ACC TGC CCG CA

Reverse : TGC TTC AGT GTC AGT TAT ACC T

641

fdf Forward: ATG AGT TAC AAA AAA T

Reverse : TTA CAA ATC TAC TCT C

1611

fdf, forsythia detaching factor gene; rRNA.

Levels of specific IgG to FDF in gingival crevicular fluid 675



pling site) was )0.437, suggesting that

these correlations were significantly

negative (p < 0.05) (Fig. 2A,B).

PCR detection and frequency

The specificities of the T. forsythia-

specific 16S rRNA and fdf-specific

primers were evaluated using the chro-

mosomal DNA extracted from the

parental strainT. forsythiaATCC43037.

The primers for amplification of the

fragments are listed in Table 2. Ampli-

cons appearing to be of the expected

sizes of 641 bp for 16S rRNA and

1611 bp for fdf genes were obtained. No

PCR bands were obtained when the

primers were tested against DNA

extracted from the other oral anaerobes

(data not shown). These results further

confirm the specificity of these primers

for T. forsythia. From the full restric-

tion enzyme map of the fdf gene, diges-

tion of the fdf amplicon with EcoRV

was expected to give two DNA frag-

ments of 1190 bp and 421 bp (data not

shown). The fdfPCRamplicon from the

plaque sample was identical to the fdf

PCR amplicon from the parental strain.

Detection frequencies in the subgin-

gival plaque sample were presented as

the percentage of positive sites of the

target gene. The presence of the

T. forsythia gene was indicated by a

641-bp band and the presence of the fdf

gene was indicated by a 1611-bp band

appearing on an agarose gel following

electrophoresis. As shown in Table 4,

A B C

Fig. 1. Comparison of anti-forsythia detaching factor (FDF) immunoglobulin G (IgG) levels between patients with periodontitis (both the

diseased and healthy sites) and healthy subjects. (A) *The mean value of anti-FDF IgG levels in the gingival crevicular fluid of patients with

periodontitis at the diseased sites (2.60 ± 2.58 ng/lL) was significantly higher than that of periodontally healthy subjects (0.79 ± 0.25 ng/

lL) (p < 0.05). (B) **The mean value of anti-FDF IgG levels in the gingival crevicular fluid of patients with periodontitis at the healthy sites

(15.14 ± 16.90 ng/lL) was significantly higher than that of periodontally healthy subjects (0.79 ± 0.25 ng/lL) (p < 0.05). (C) –The mean

value of anti-FDF IgG levels in the gingival crevicular fluid of patients with periodontitis at the healthy sites (15.14 ± 16.90 ng/lL) was
significantly higher than that at the diseased sites (2.60 ± 2.58 ng/lL) (p < 0.05).

A B

Fig. 2. Correlations between anti-forsythia detaching factor (FDF) IgG levels and probing

pocket depth (A) or clinical attachment level (B) in patients with periodontitis (29 healthy

sites and 37 diseased sites). The correlation coefficient with probing pocket depth was )0.444
(p = 0.0002) and that with clinical attachment level was )0.437 (p = 0.0002).

Table 3. Correlation analyses between anti-forsythia detaching factor (FDF) IgG levels and

various clinical parameters in periodontitis patients

Clinical parameters Correlation coefficient p-value

Probing pocket depth (sampling sites) )0.444 0.0002*

Clinical attachment level (sampling sites) )0.437 0.0002*

*Statistically significant correlation (Pearson�s correlation coefficient, p < 0.05).

Table 4. Occurrence of Tannerella forsythia 16S rRNA and the forsythia detaching factor

(fdf) gene in periodontally healthy subjects and periodontitis patients

T. forsythia genes

No. of positive sites

Periodontally

healthy subjects

(n = 30)

Periodontitis patients

Healthy sites PPD

£ 3 mm (n = 29)

Diseased sites

PPD ‡ 4 mm

(n = 37)

T. forsythia 16S rRNA 0 5 18

fdf 0 7 19

PPD, probing pocket depth.
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T. forsythia 16S rRNA and the fdf

gene were not detected in periodontally

healthy subjects. By contrast, among

the patients with periodontitis, T. for-

sythia 16S rRNA was detected in 18 of

37 diseased sites and in 5 of 29 healthy

sites. Furthermore, 19 of 37 diseased

sites and 7 of 29 healthy sites were

positive for the fdf gene.

All of the sampling sites in patients

with periodontitis were next divided

into two groups based on the presence

of T. forsythia 16S rRNA or the fdf

gene. As shown in Fig. 3, the mean

values of probing pocket depth and

clinical attachment level of both the

T. forsythia 16S rRNA-positive group

and the fdf-positive group were signif-

icantly higher than those of the

T. forsythia 16S rRNA-negative and

the fdf-negative groups (p < 0.05).

Anti-FDF IgG levels of both the

T. forsythia 16S rRNA-positive and

fdf-positive groups were significantly

lower than those of the T. forsythia

16S rRNA-negative and the fdf-nega-

tive groups (p < 0.05).

Discussion

The data reported here indicate that

there was a significant difference in the

anti-FDF IgG levels in the gingival

crevicular fluid between patients with

periodontitis (both the diseased and

healthy sites) and healthy subjects.

Furthermore, we also found an obvi-

ous difference in the anti-FDF IgG

levels in gingival crevicular fluid

between healthy sites and diseased sites

among the patients with periodontitis.

It was concluded that the anti-FDF

IgG levels in gingival crevicular fluid

might be related to the periodontal

status, which is not detectable by gen-

eral clinical examinations.

In this study, we used the 60-kDa

recombinant protein FDF of T. for-

sythia as a specific antigen (11) because

it is considered to be one of the etio-

logical agents of this bacterium. This

factor might be a key virulence factor

for cell adhesion and the cause of

inflammation (12).

In several studies on the humoral

immune response to virulence factors

of periodontopathogens in gingival

crevicular fluid, the results have sug-

gested that gingival crevicular fluid

contains a variety of cellular and bio-

chemical mediators that reflect the

metabolic status of periodontal tissues.

Several materials, including plasma

proteins, enzymes with collagenolytic

activity, other microbial and host cell

enzymes, and inflammatory mediators,

have been analyzed in attempts to

identify factors to facilitate the diag-

nosis of periodontal disease (19).

According to Armitage, more than 65

gingival crevicular fluid constituents

have been evaluated as potential diag-

nostic markers of periodontal disease

progression. These markers can be

divided into three groups: host-derived

enzymes and their inhibitors; inflam-

matory mediators and host-response

modifiers (such as IgG); and products

of tissue breakdown. The amount of

gingival crevicular fluid produced at a

given site significantly increases with

the severity of gingival inflammation,

as assessed clinically (20). Although

there is extensive variation, severely

inflamed sites generally produce more

gingival crevicular fluid than less

inflamed sites. In this study, we con-

tinuously collected gingival crevicular

fluid from the same sites until sufficient

amounts of gingival crevicular fluid for

ELISA were obtained. Furthermore,

we expressed anti-FDF IgG levels as

concentrations (ng/lL). Using this

evaluation, we found that the differ-

ence in anti-FDF IgG levels was not

caused by the difference in gingival

crevicular fluid volumes.

Because gingival crevicular fluid is

an inflammatory exudate that reflects

A B C

FED

Fig. 3. Comparison of probing pocket depth (mm) and clinical attachment level (mm) between Tannerella forsythia 16S rRNA or the

forsythia detaching factor (fdf) gene positive and negative sites in patients with periodontitis. All sampling sites in patients with periodontitis

were divided into two groups based on the presence of T. forsythia 16S rRNA or the fdf gene. (A, B, D, E) *The mean probing pocket depth

and clinical attachment level values of the T. forsythia 16S rRNA-positive and fdf -positive groups were significantly higher than those of the

T. forsythia 16S rRNA-negative and fdf-negative groups (p < 0.05). (C, F) –Anti-FDF IgG levels of the T. forsythia 16S rRNA-positive and

fdf-positive groups were significantly lower than those of the T. forsythia 16S rRNA-negative and fdf-negative groups (p < 0.05).
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ongoing events in the periodontal tis-

sues, extensive research has been car-

ried out on gingival crevicular fluid

components that might serve as

potential diagnostic or prognostic

markers for periodontitis. Among

these, we focused on the host-derived

component IgG in the present study.

Several studies have examined the

antibody response in gingival crevicu-

lar fluid to plaque bacteria. Naito et al.

(14) demonstrated that the antibody

levels to P. gingivalis in serum and

gingival crevicular fluid were signifi-

cantly higher in a group of patients

with periodontitis than in healthy

subjects. Plombas et al. (21) also

reported that the crevicular fluid of

patients with periodontitis contained

significantly higher levels of IgG to

four bacteria (Aggregatibacter actino-

mycetemcomitans, P. gingivalis, Prevo-

tella intermedia and Fusobacterium

nucleatum) than that of healthy sub-

jects. Our data showing that anti-FDF

IgG levels in gingival crevicular fluid in

healthy sites and diseased sites of the

patients with periodontitis were signif-

icantly higher than those of healthy

subjects are consistent with the results

of these investigations.

Moreover, we focused on the com-

parison of anti-FDF IgG levels

between healthy sites and diseased

sites. It was revealed that anti-FDF

IgG levels in healthy sites were signifi-

cantly higher than those in diseased

sites among the patients with peri-

odontitis (p < 0.05). These results

apparently disagree with the results of

comparing the IgG levels between

healthy subjects and patients with

periodontitis. Various reports have

examined the antibody response to

some periodontopathic bacteria in

gingival crevicular fluid in patients

with periodontitis. Suzuki et al. (22)

found that local production of IgG to

P. gingivalis was markedly increased in

chronic periodontitis. By contrast,

Challacombe et al. (23) demonstrated

that IgG levels to P. gingivalis were

lower in the gingival crevicular fluid of

patients with a high periodontal dis-

ease index score. Kinane et al. (24)

investigated the specific IgG, immu-

noglobulin A (IgA) and immunoglob-

ulin M (IgM) levels to P. gingivalis and

A. actinomycetemcomitans in serum

and gingival crevicular fluid by ELISA

and showed that lower gingival cre-

vicular fluid antibody levels to P. gin-

givalis were found in deeper

periodontal pockets and in more in-

flamed sites. This has been confirmed

in a cross-sectional study of healthy

sites and sites with gingivitis or peri-

odontitis in the same patients with

periodontitis (25). These reports sup-

ported our findings that anti-FDF IgG

levels in healthy sites were significantly

higher than anti-FDF IgG levels of

diseased sites among patients with

periodontitis. However, the IgG levels

to T. forsythia whole cells were not

evaluated in this study. It would

therefore be meaningful to examine the

correlation between IgG levels to

whole cells of this bacterium with those

to FDF in gingival crevicular fluid.

Killian et al. (26) reported that

P. gingivalis can degrade human IgG

and IgA, suggesting that low IgG

levels in the gingival crevicular fluid

may be caused by degradation by this

bacterium. They also suggested that

local antibodies were absorbed by the

greater mass of subgingival plaque in

the periodontal pockets. Moreover,

Jansen et al. (27) investigated the

proteolytic activity of several subgin-

gival bacteria against IgG and dem-

onstrated that IgG was partially or

completely degraded by them. How-

ever, Lamster et al. investigated the

correlation between total IgG in gin-

gival crevicular fluid and specific ser-

um antibody to P. intermedia, and

found that a local deficiency of IgG to

oral pathogens may lead to local dis-

ease progression. Serum-derived and

locally produced IgG against FDF

might be degraded at the diseased

sites, but not at the healthy sites.

Furthermore, the possibility of the

degradation of IgG by proteases

derived from host and/ord bacteria in

the periodontal pockets has to be

considered. In this study, we focused

on anti-FDF IgG levels and did not

explore the presence of FDF in gin-

gival crevicular fluid. If it is possible

to quantify the FDF in gingival cre-

vicular fluid, the mechanism of our

findings that anti-FDF IgG levels in

healthy sites were significantly higher

than those of diseased sites in patients

with periodontitis would be eluci-

dated.

The results derived from ELISA in

this study do not provide any infor-

mation regarding the functional char-

acteristics of this antibody. However,

we have previously reported that FDF

induces detachment of adherent cells

and interleukin-8 production in human

fibroblasts in vitro (12). In this study,

the IgG levels of diseased sites were

significantly lower than those of heal-

thy sites, and the IgG levels of both the

diseased and healthy sites of patients

with periodontitis were significantly

higher than those of healthy subjects in

which the fdf gene was not detected.

Moreover, the correlation coefficient

between anti-FDF IgG levels and

probing pocket depth and clinical

attachment level was negative. These

results suggest that FDF would induce

the production of neutralizing anti-

body. However, the neutralizing activ-

ity of this antibody should be

confirmed.

In addition, we attempted to iden-

tify the fdf gene in the periodontal

pockets. Previously, Saito et al. (5)

isolated and characterized an N-benzoyl-

Val-Gly-Arg-p-nitroanilide-specific pro-

tease gene, designated prtH, from

T. forsythia ATCC 43037. Nakajima

et al. (11) demonstrated that a portion

of the fdf gene was consistent with the

putative prtH gene (GenBank acces-

sion no.: AB001892) other than the

5¢-terminal 513 bp, and they demon-

strated that FDF retained the activity

of PrtH.

There are some reports regarding an

association of the prtH gene and peri-

odontitis. Tan et al. reported that

T. forsythia was detected in 78 (91%)

of 86 diseased sites and in 33 (45%) of

74 healthy sites. Among the 86 dis-

eased sites examined, 73 (85%) were

colonized by bacteria with the prtH

genotype. In sites of patients who were

periodontally healthy, 7 (10%) of 73

possessed T. forsythia with the prtH

genotype, suggesting a strong associa-

tion of the prtH gene of T. forsythia

with adult periodontitis (28). Further-

more, Hamlet et al. reported that the

prtH genotype was detected in 13

(23.2%) of 56 subjects harboring
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T. forsythia in their subgingival pla-

que. They also indicated that the odds

of periodontal disease (progression

and/or current disease) were 1.55 times

greater in subjects harboring the prtH

genotype of T. forsythia than in those

not harboring it (29). Moreover, they

demonstrated that higher levels of the

prtH genotype were associated signifi-

cantly with future attachment loss (30).

Because the prtH gene was part of the

fdf gene, we conducted a PCR assay

using specific primers for the full length

of the fdf gene. In the results of our

study, T. forsythia 16S rRNA was

detected in 18 of 37 diseased sites and

in 5 of 29 healthy sites but not detected

in healthy subjects. Furthermore, 19 of

37 diseased sites and 7 of 29 healthy

sites and none of the healthy subjects

were positive for the fdf gene. Our

results indicated an association of the

fdf gene with periodontitis and also

confirmed previous reports. However,

it would be necessary to isolate

T. forsythia from the plaque samples

and confirm the sequence of fdf gene or

the existence of FDF.

Next, we analyzed the existence of

the fdf gene among the patients with

periodontitis. Patients with periodon-

titis were divided into two groups

based on the presence of T. forsythia

16S rRNA or the fdf gene. The mean

probing pocket depth and clinical

attachment level values of the groups

that were positive for T. forsythia 16S

rRNA and the fdf gene were signifi-

cantly higher than those of the groups

that were negative for T. forsythia 16S

rRNA and the fdf gene. However, the

mean level of anti-FDF IgG in those

positive groups was significantly lower

than that of those negative groups.

These results suggest that IgG might be

degraded by periodontopathogens or

that IgG production might be dimin-

ished.

The present study demonstrates an

association of anti-FDF IgG levels in

gingival crevicular fluid with peri-

odontal status of patients with peri-

odontitis and healthy subjects.

Further investigation is needed to

determine whether anti-FDF IgG

would be a useful indicator for the

diagnosis and prognosis of periodon-

tal disease.
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