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Abstract

YAMASHITA, AKIKO, YOSHIHIKO SOGA,
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TAKASHIBA, AND  FUSANORI  NISHIMURA.
Macrophage-adipocyte interaction: marked interfeukin-6
production by lipopolysaccharide. Obesity. 2007;15:
2549-2552.

Objective: Recent studies suggested macrophages were in-
tegrated in adipose tissues, interacting with adipocytes,
thereby exacerbating inflammatory responses. Persistent
low-grade infection by gram-negative bacteria appears (o
promote atherogenesis. We hypothesized a ligand for toll-
like receptor 4 (TLR4), bacterial lipopolysaccharide (LPS),
would further exaggerate macrophage-adipocyte interaction.
Research Methods and Procedures: RAW264.7 macro-
phage cell line and differentated 3T3-L1 preadipocytes
were co-cultured using transwell system. As a control, each
cell was cultured independenty. After incubation of the cells
with or without Escherichia coli LPS, tumor necrosis factor
(TNF)-a and interleukin (IL)-6 production was evaluated.
Results: Co-culture of macrophages and adipocytes with
low concentration of Escherichia coli LPS (1 ng/mL) mark-
edly up-regulated IL-6 production (nearly 100-fold higher
than that of adipocyte culture alone, p < 0.01), whereas
"TNF-a production was not significandy influenced. This
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increase was partially inhibited by anti-TNF-« neutralizing
antibody. Recombinant TNF-« and LPS synergistically up-
regulated IL-6 production in adipocytes. However, this in-
crease did not reach the level of production observed in
co-cultures stimulated with LPS.

Discussion: A ligand for TLR-4 stimulates macrophages to
produce TNF-a. TNF-e, thus produced, cooperatively up-
regulates [L-6 production with other soluble factors secreted
either from adipocytes or macrophages in these cells. Mark-
edly up-regulated IL-6 would greatly influence the patho-
physiology of diabetes and its vascular complications.

Key words: macrophages, adipocytes, tumor necrosis
factor

Introduction

It has been postulated that type 2 diabetes and athero-
sclerosis are diseases of an innate immunity (1.2). Mild
elevation of C-reactive protein (CRP)' well predicts the
future development of type 2 diabetes and myocardial in-
farction, suggesting that chronic inflammatory state greatly
up-regulates the risk of developing type 2 diabetes and its
vascular complications (1,2). The most predominant chronic
inflammatory state is known to be obesity. Obese subjects
are characterized by increased level of circulating tumor
necrosis factor (TNF)-a, interleukin (IL)-6, and, hence,
CRP (3). Adipose tissue may be a primary tissue producing
TNF-« and IL-6 in obese subjects, although exact cell types
responsible for the production of each cytokine are still
unclear. Recent studies suggested that macrophages were
integrated in adipose tissues, interacting with adipocytes,
thereby exacerbating inflammatory responses, insulin resis-
tance, and vascular complications (4). Indeed, co-culturing
adipocytes with macrophages has been reported to up-reg-
ulate some inflammatory gene expressions, although subse-
quent protein expression and its effects are still unclear (5).

' Nonstandard abbreviations: CRP, C-reactive pratein; TNF, tumor neceosis factor; 1L,
interdeukin: TLR-4, toli-like receptor 4: LPS, lipopolysaccharide.
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Figure 1. TNF-a (A) and TL-6 (B) production in macrophage
culture alone (open box), adipocyte culture alone (shadow box),
and macrophage-adipocyte co-cultures (closed box) stimulated
with indicated concentration of LPS. Although TNF-« production
increased according to the increased concentration of LPS in
macrophages and macrophage-adipocyte co-cultures, no signifi-
cant differences were observed between the two culure conditions.
In contrast, TL-6 production was markedly up-regulated by TLR-4
ligand (LPS) in macrophage-adipocyte co-culwures. * p < 0.01 by
Student’s 1 test.

The origin of infiltrated macrophages in adipose tissues has
been suggested to be peripheral tissues (4). Because previous
studies have suggested that persistent low-grade infection by
gram-negative bacteria, such as Chlamydia infection (6) and
periodontal disease (7), may promote atherosclerosis and in-
fluence insulin resistance; and because both adipocytes and
macrophages have recently been shown to express toll-hke
receptor 4 (TLR-4) (8), a ligand for lipopolysaccharide (LPS),
we hypothesized that bacterial LPS would further exaggerate
biological interaction between macrophages and adipocytes.
Therefore, we investigated the effects of stimulating TLR-4 by
LPS on inflammatory cytokine expression in co-cultured cells.

Research Methods and Procedures

Cells and Cell Culture

Mouse 3T3-L1| preadipocytes and mouse macrophage
cell line RAW264.7 were used. Preadipocytes were dif-
ferentiated into mature adipocytes as described (9). Co-
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culture was performed by using transwell system (Corn-
ing Inc., Acton, MA) with 0.4-pum porous membrane to
separate upper and lower chamber. 1 X 10” of differen-
tiated 3T3-L1 cells were cultured in a lower chamber,
while 5 X 10* of RAW cells were cultured in an upper
chamber.

Cytokine Assay

The cells were stimulated with indicated concentration of
Escherichia coli LPS (1 to 100 ng/mL; SIGMA, St. Louis,
MO) for 24 hours, and culture supernatant was collected.
TNF-«, IL-6, monocyte chemotactic protein-1, and adi-
ponectin concentration in the culture supermatants were
measured by using commercial immunoassay (mouse
TNF-a, IL-6, monocyte chemotactic protein-1 enzyme-
linked immunosorbent assay kits, Endogen Inc., Wobum,
MA; mouse adiponectin enzyme-linked immunosorbent as-
say kit, Otsuka Pharmaceuticals, Inc., Tokyo, Japan). As a
control, each cell was cultured independently. In some
experiments, the cells were cultured with or without indi-
cated concentration of anti-mouse TNF-« neutralizing an-
tibody (1 to 100 ng/mL; R & D Systems, Minneapolis, MN).
To see the synergistic effects of LPS and TNF-a on IL-6
production in adipocytes, differentiated adipocytes were
cultured with or without recombinant murine-TNF-a and
LPS.

Statistical Analyses
Statistical analyses were performed by using Student’s ¢
test.

Results

We first saw the effects of LPS on production of TNF-«
and IL-6 according to the different culture conditions. Pro-
duction of TNF-a was mainly observed in RAW264.7, and
LPS dosc-dependently up-regulated TNF-a« production in
RAW264.7 cetls. Co-cultures of macrophages and adipo-
cytes did not significantly influence TNF-a production
(Figure 1A). As for IL-6, the major source of IL-6 appeared
1o be adipocytes, and LPS even at low concentration (I
ng/mL) markedly up-regulated TL-6 production in co-cul-
tres (Figure 1B). The amount of IL-6 produced in co-
culires was almost 100-fold higher than that of adipocyte
culture alone (p < 0.01, Student’s 7 test). Tn contrast, al-
though monocyte chemotactic protein-1 production was ob-
served in adipocyte culture and co-cultures, the amount was
less than that of IL-6 (data not shown). In addition, although
adiponectin was detected in adipocyte culture and co-cul-
tures, its concentration did not difter significantly regardless
of the LPS concentration. nor did it differ with or without
macrophage cultures (data not shown),

As IL-6 production was extremely enhanced in co-cul-
tures when stimulated with LPS, we wondered if any solu-
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Figure 2: Effects of anti-TNF-a neuwalizing antibody on the pro-
duction of TL-6 in macrophage-adipocyte co-cultures stimulated with
1 ng/mL of LPS (A), and the effects of bacterial LPS and TNF-« on
the production of IL-6 in adipocytes (B). Elevated IL-6 production
was partially (~50% inhibition with 100 ng/mL of neutralizing anti-
bodies) blocked by anti-TNF-« neutralizing antibody. Data are %
control (TL-6 production without antibody). In addition, although
bacterial LPS and recombinant murine-TNF-o synergistically up-
regulated TL-6 production in adipocytes, the amount did not reach the
level that was observed in co-cultures in the presence of LPS. rmTNF,
recombinant murine TNF. * p < (.01 by Student’s ¢ test.

ble molecule was responsible for this marked up-regulation.
As TNF- o production from macrophages increased by LPS,
the effects of anti-TNF-a neutralizing antibody was exam-
ined (Figure 2A). Anti-TNF-a neutralizing antibody par-
tially suppressed IL-6 production in co-cultures (—~50%
inhibition with 100 ng/mL of neutralizing antibody, p <
0.01). To see if TNF-« is actually involved in the synergis-
tic up-regulation of IL-6 production in adipocytes, IL-6
production in adipocytes cultured with or without LPS and

recombinant murine-TNF-a was investigated (Figure 2B).
Although TNF-a and LPS synergistically up-regulated IL.-6
production in adipocytes, the increase was not compatible
with the level of that seen in co-cultures (up to 309% of
co-cultures).

Discussion

A ligand for TLR-4 greatly enhanced 1L.-6 production in
co-cultures of macrophages and adipocytes at protein level.
It was suggested that TL-6 acts as an insulin-resistance-
inducing molecule (10) like TNF-a. Interestingly, IL-6 ap-
pears to induce insulin resistance selectively in hepatocytes
(10). Adipose tissue-derived IL-6 may easily accumulate in
the liver via portal vein. Additionally, IL-6 is known to be
a major inducer of CRP in hepatocytes (11). Mild elevation
of CRP well predicts the future development of myocardial
infarction (2). Furthermore, a recent study indicated that
CRP is not merely a sensitive marker of inflammation but
positively acts as atherosclerosis-promoting factors via sev-
eral distinct mechanisms, such as inducing cell surface
expression of adhesion molecules (12). Taken together,
markedly enhanced 1L-6 production in macrophage-adipo-
cyte co-cultures stimulated with TLR-4 ligand may promote
both diabetes and its vascular complications.

Neutralizing TNF-a action by specific antibodies par-
tially suppressed markedly up-regulated 1L.-6 production in
co-cultured cells. As TNF-o production in 3T3-L1 cells was
very low, the major source of TNF-« appeared to be mac-
rophages. In contrast, the major source of IL-6 appeared to
be adipocytes, as [L-6 production in 3T3-L1 cells was far
exceeding of that observed in RAW cells. Therefore, TLR-4
ligand primarily stimulates macrophages to produce TNF-a.
TNF-a, in wrn, stimulates adipocyties to produce higher
amounts of TL-6 in co-operation with LPS. However, exog-
enously added TNF-« and LPS was not enough to repro-
duce the high level of 1L.-6 production seen in co-cultures,
indicating other numerous cytokines and adipocytokines,
soluble adhesion molecules, and/or yet unknown molecules
secreted either from adipocytes or macrophages also played
important roles in markedly enhanced I11.-6 production. Fur-
ther study is necessary to elucidate the molecular mecha-
nisms behind this important interaction.
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Introduction

Summary

Several reports have demonstrated a possible association of periodontal infec-
tions with coronary heart disease (CHD) by elevated antibody titre to peri-
odontopathic bacteria in CHD patients compared with non-diseased controls.
Although each periodontopathic bacterium may vary in virulence for peri-
odontitis and atherosclerosis, antibody response to multiple bacteria in CHD
patients has not been understood fully. Therefore, serum levels of antibody to
12 periodontopathic bacteria together with other atherosclerotic risk markers
were compared among 51 patients with CHD, 55 patients with moderate to
severe chronic periodontitis and 37 healthy individuals. The antibody
response was the most prevalent for Porphyromeonas gingivalis, a major caus-
ative organism, in CHD as well as periodontitis patients. However, antibody
positivity was different between CHD and periodontitis if the response was
analysed for two different strains of P. gingivalis, namely FDC381 and Sué3.
While periodontitis patients were positive for both P. gingivalis FDC381 and
Su63, a high frequency of antibody positivity for P. gingivalis Su63 but not for
FDC381 was observed in CHD patients. The results indicate that the presence
of particular periodontopathic bacteria with high virulence may affect
atherogenesis. Identifying the virulence factors of P. gingivalis Su63 may gain
insight into the new therapeutic modality for infection-induced deterioration
of atherosclerosis.

Keywords: CHD, periodontitis, Porphyromonas gingivalis, serum antibody

hypothesis that chronic infections can contribute to the
development of atherosclerosis has come from (i) direct

Coronary heart disease (CHD) is the leading cause of
death in Japan as well as other developed countries. The
main underlying pathological pathway for the disease is
atherosclerosis. Although hypertension, elevated serum cho-
lesterol, smoking, diabetes and obesity are classical risk
factors for atherosclerosis [1], a substantial proportion of
patients have no such traditional risk factors. The general

effects of infectious agents on cellular components of the
vessel wall; (ii) increased expression of cytokines, chemok-
ines and cellular adhesion molecules resulting in local endot-
helial dystunction; and (iii) immune responses targeted to
self-proteins located in the vessel wall mediated by molecular
mimicry [2]. Recent epidemiological studies have suggested
a link between atherosclerosis and infection/inflammation.
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Associations have been reported with Chlamydia pneunio-
niae, Helicobacter pylori, cytomegalovirus [3.4] and dental
infections; in particular, those associated with periodontal
disease [5]. With respect to inflammation, serum high-
sensitivity C-reactive protein (hs-CRP) has been used as a
risk marker for CHD [6] and a number of reports have
demonstrated that hs-CRP is also elevated in periodontitis
patients [7-13]. However, other systemic inflammatory
markers such as tumour necrosis factor (TNF)-a and inter-
leukin {TL)-6 showed inconsistent results [8,14].

In vitro studies have suggested that Porphyromonas
gingivalis may have a relation to atherogenesis, because this
bacterium can invade endothelial cells [15]; lipopolysaccha-
ride induces cell adhesion molecules and cytokine
production in endothelial cells {16]; and autoimmune or
cross-reactive response to heat shock protein 60 may also be
involved in both periodontitis and CHD [17]. The associa-
tion of this bacterium to atherosclerotic disease is docu-
mented by higher antibody titres in patients compared with
non-diseased controls [18]. The apparent specificity of the
antibody to P. gingivalis for incident CHD supports the
hypothesis that infection with, or the host response to, this
particular bacterium is particularly deleterious in terms of
atherosclerotic complications [19].

Not all subjects infected with these infectious agents nec-
essarily develop CHD. It is important to recognize that the
“results from these studies identify only an association, not
causation, between periodontitis and CHD. In response to
infection and intlammation, certain individuals may exhibit
greater expression of local and systemic mediators, and con-
sequently be at increased risk for atherosclerosis [20].

Because pathogens in periodontitis comprise several
genetically and serologically heterogeneous bacterial
species, it can be speculated that a single or a few species
may be of particular importance in the development and
progression of atherosclerosis due to having the relevant
virulence to the pathogenesis. The aim of the present study,
therefore, was to investigate whether particular periodontal
pathogens are associated with CHD by measuring the
serum antibody levels to various periodontopathic bacteria.
The difference of systemic inflammatory conditions and
serum lipid profiles among patients with both CHD and
periodontitis, with periodontitis and normally healthy sub-
jects, was also compared.

Materials and methods

Patients

We studied 51 CHD patients who underwent percutaneous
coronary intervention for chronic stable angina (CSA;
n=17) or acute coronary syndrome (ACS; n=34) at the
Coronary Care Unit of Niigata City General Hospital, and 55
patients with chronic periodontitis admitted to the Peri-
odontal Clinic of Niigata University Medical and Dental

Hospital. ACS and CSA were grouped together for biochemi-
cal and immunological analyses. Although all CHD patients
demonstrated clinical signs of periodontitis, both the degree
and extent of the disease were variable. As a control, 37
healthy individuals selected from the staff members of the
university were included. The study protocol was approved
by the review boards of both institutions. Written informed
consent was obtained from each patient and control subject
prior to entry into the study. The periodontal status of each
of the subjects was assessed as described previously {21].
Briefly, the clinical attachment level and probing pocket
depth were measured at six sites per tooth, and the alveolar
bone levels were examined radiographically. Smoking status
was defined as ‘ever smoker’ and ‘never smoker’ Fasting
serum was obtained from periodontitis patients and control
subjects. Sera of CHD patients were obtained after
operations. The cholesterol and triglyceride profiles in terms
of serum lipoproteins were analysed at Skylight Biotech Inc.
(Akita, Japan).

None of the periodontitis patients or healthy control indi-
viduals had self-reported overt atherosclerotic disease at
their most recent regular medical check.

Serum IgG antibody titres to periodontopathic bacteria
and Chlamydia pneumoniae

Antibody responses to antigens of periodontopathic bacteria
were assessed by enzyme-linked immunosorbent assay
(ELISA) and evaluated according to the method as described
previously {22]. Values = 1 represent more than 2 standard
deviations (s.d.) of the mean in controls and is considered to
be antibody positive. Absolute measures of serum antibody
were categorized into positive or negative groups. Serum IgG
antibodies to C. preurnoniae was determined by enzyme
immunoassay (SRL Inc., Tokyo, Japan).

Measurement of CRP

Serum high-sensitivity CRP (hs-CRP) was measured with
nephelometry, a latex particle-enhanced immunoassay (NA
Latex CRP kit; Dade Behring, Tokyo, Japan)} on a commercial
basis (SRL Inc.). Only one sample from a control subject
demonstrated a value lower than the limit of the assay
(50 ng/ml). Undetectable CRP values were recorded as
25 ng/ml, halfway between zero and the threshold of
detection.

Measurement of serum interleukin (IL)-6 and tumour
necrosis factor (TNF)-o

Serum levels of IL-6 and TNF-o were determined by sensi-
tive ELISA using commercial kits (R&D Systems Inc., Min-
neapolis, MN, USA), according to the manufacturer’s
instructions. The lower limit of detection was 0-016 pg/ml
for IL-6 and 0-06 pg/ml for TNF-a..

446 ® 2007 British Saciety for Immunology, Clinical and Experimental inmunology, 149: 445-452
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Statistical analysis

Clinical and biochemical parameters were compared using
unpaired t-test and Mann—Whitney U-tests, respectively. A
value of P < 0-05 was considered significantly different.

For anti-bacterial antibodies, the association of antibody
positivity and disease type, e.g. periodontitis, or CHD with
periodontitis, was determined by ¥’ and adjusted further for
multiple comparisons using Bonferroni’s correction, where
the significance was accepted at P < 0-025. A logistic regres-
sion analysis was utilized to assess the relationship between
antibody positivity and disease status while adjusting for
potential confounding factors. We carried out this analysis
with CHD patients with periodontitis versus periodontitis
patients without CHD as dependent variable and age,
gender, smoking and antibody positivity as independent
variables. Odds ratios (OR) were calculated with 95% con-
fidence intervals (CI). Correlation coetficient was analysed
for antibody levels between either C. prnewmonia and P. gin-
givalis FDC381 or C. pneumonia and P. gingivalis Sué3 in
each serum sample from CHD patients. Statistical analyses
were performed by using the standard statistical software
(StatView J-4-5 application program; SAS Institute Inc.,
Cary, NC, USA). Significance was set at 5% {P < 0-05).

Results

Clinical status of the patients

The clinical profile of the study population is shown in
Table 1. The mean age of the CHD patients was higher than
the periodontitis patients and control. The percentages of
having ever smokers were 77-8% for the CHD patients and
34-5% for the periodontitis patients, whereas none of the
controls had ever been smokers. Seventeen of 51 CHD
patients were taking atorvastatin calcium. Although the
CHD patients manifested apparent symptom of periodonti-
tis, the severity of the disease was significantly greater than
that of control subjects but significantly less than periodon-
titis patients. However, CHD patients had significantly less

Table 1. Study population and periodontal disease status.

Antibody to periodontal bacteria in CHD patients

teeth than periodontitis patients, suggesting that CHD
patients have had severe periodontitis previously and several
teeth had been extracted due to the disease. Because the
severely involved teeth had been extracted and the periodon-
tal status of remaining teeth is less severe than in the peri-
odontitis patients, overall periodontal infection in CHD
patients is considered to be more serious than in periodon-
titis patients. P. gingivalis was detected in the dental plaque
samples obtained from all CHD patients by using poly-
merase chain reaction (PCR); however, the strains could not
be differentiated {data not shown).

The high density lipoprotein {HDL) cholesterol and trig-
lyceride levels of CHD patients were significantly lower than
those of periodontitis patients and controls (P < 0-0001).
The HDL cholesterol level of periodontitis patients was also
significantly lower than that of controls (P=0-024).
However, the total cholesterol level of periodontitis patients
and controls were significantly higher than that of
CHD patients (P=0-0007 for periodontitis versus CHD;
P < 0-0001 control versus CHD). The very low density lipo-
protein (VLDL) level of CHD patients was significantly
lower than that of periodontitis patients and controls
{P=0-0002 and P < 0-0001, respectively). No difference was
observed for the low density lipoprotein (LDL) level
(Table 2).

Serum antibody levels

Serum IgG positivity to 12 periodontal pathogens is shown
in Fig. 1. The prevalence of antibody positivity for P. gingi-
valis FDC381 and P. gingivalis Su63 was higher than the
other bacteria. Furthermore, the antibody positivities for
these bacteria were higher in periodontitis patients com-
pared with control subjects. These two strains of P. gingivalis
are serologically different but are isolated more frequently
from Japanese periodontitis patients than the other strains,
such as W50 and W83 [23]. There was no difterence of
antibody positivity to these two pathogens within periodon-
titis patients. In addition, no difference was observed for any
other pathogens tested between these two patients. In CHD

CHD Pertodontitis Control

{n=51) (n=53) (n=37)
Age 624 % 1.7% 47217 486215
Male/female 46/5 24/31 18/19
Smoking status 10/35° 36/19 3710
(never smoker/ever smoker)
PD? (mm) 28 %010 38 01 20+ 00
CAL’ {mm) 34 + 02¢ 45+ 0.2 2:1 %01
Mean bone loss (%) 34725 40-0 £ 2-0 nd?!
Number of teeth 196+ 14 245+ 0.7 279 & 048

'Data are expressed as mean = s.e.; “PD: pocket depth; *CAL: clinical attachment level; *n.d.: not determined; Ssmoking status of some of the patients
was not checked. *P < 0-0001 versus periodontitis and controls; "P < 0-0001 versus controls; P < 0-0001 versus coronary heart disease (CHD) and controls;
4P < 0-0001 versus controls; °P < 0-0001 versis CHD and controls; 'P= 0-0011 versus CHD; P < 0-0001 versus CHD; ®P = 0-0002 versus periodontitis.

© 2007 British Society for Immunology, Clinical and Experimental Immunology, 149: 445-452 447
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Table 2. Serum lipid profiles of the study population.

CHD Periodontitis Control
(n=351) (n=735) (n=37)
Total cholesterot {(mg/dl} 158-9 + 4.8 180-8 * 4-6° 1982 = 5.7°
HDL cholesterol (mg/dl) 382+ 1-9 573 £ 1.9° 63-9 + 1.9%¢
LDL cholesteral {mg/dl} 961 + 3.7 89329 94.2 * 4.0
VLDL cholesterol {mg/dl) 24-4 * 1.5 335 % 1.8 39.6 + 2.7
Triglyceride (mg/dl) 361 £ 2-0 113-5 £ 9.0* 969 * 924

3P = 0-0007 versus coronary heart disease (CHDY}; PP < 0-0001 versus CHD; “P < 0-0001 versus CHD; “P=0-024 versus periodontitis; “P = 0-0002
versus CHD; P < 0:0001 versus CHD; *P < 0-0001 versus CHD. HDL: high density lipoprotein; LDL: low density lipoprotein; VLDL: very low density

lipoprotein.

patients, on the other hand, a significant antibody response
was observed only for P. gingivalis Su63 and not for P. gingi-
valis FDC381. As the characteristic response was observed
for P, gingivalis Su63 and P. gingivalis FDC381, the antibody
positivity to these strains was analysed further. The preva-
lence of antibody positive subjects for both strains in CHD
patients and periodontitis patients was 13:7% and 50-9%,
respectively. The prevalence of antibody positive subjects for
only P. gingivalis Su63 in CHD patients and peniodontitis
patients was 41:2% and 9-8%, respectively, while that for P.
gingivalis FDC381 was 0% and 7-3%, respectively. The dis-
tribution of single-positive subjects for P. gingivalis Su63 was
significantly different between the CHD patients and peri-
odontitis patients (CHD versus periodontitis: x*=13-3,
P=0-0006). This difference in distribution was not seen

(%)
701

60
50

40

Fig. 1. Prevalence of antibody-positive subjects in each group. Serum
antibody levels were evaluated against listed periodontopathic bacteria
by enzyme-linked immunosorbent assay (ELISA). Values = 1
represent more than 2 s.d. of the mean in controls and is considered
to be antibody positive. Absolute measures of serum antibody were
categorized into positive or negative groups. Data are expressed as
percentages of antibody-positive subjects within each group. Control:
open bar, periodontitis: hatched bar, coronary heart disease: closed
bar. Actinobacillus actinomycetemcomitans: A. a., Capnocytophaga
achracea: C, o., Fusobacterium nucleatun: F. n.,, Prevotella intermedia:
P. i, Porphyromonas gingivalis: P. g., Treponema denticola: T. d.,
Campylobacter rectus: C. r., Tannerella forsythia: 1. {.

between periodontitis patients and controls (y*= 1.07,
P =0-50).

In order to evaluate the association of the pattern of anti-
body positivity for P. gingivalis with an increased frequency
of CHD while adjusting for possible confounding factors, we
turther performed a logistic regression analysis. As age is a
strong confounding factor for CHD, the analyses were per-
formed for 46 CHD patients (mean age, 60-7 * 10-1 years;
range, 3673 years) and 22 periodontitis patients (mean age,
59-4 * 5.4 years; range, 52-70 years) to minimize age differ-
ence between two groups. Smoking status could not be
adjusted because of the very low frequency of ever smokers
in periodontitis patients. As can be seen in Table 3, the logis-
tic regression analysis indicated that only the antibodies
positive for P. gingivalis Su63, but not for both P. gingivalis
Sué3 and P. gingivalis FDC381 or negative for either as well
as age, smoking and HDL-c, were significant factors of an
increased frequency of CHD. Interestingly, antibody positiv-
ity was found to be a highly significant factor in the model
(P=0022; OR 18-26, 95% CI = 1-53—218:48) and was even
higher than smoking (P =0-016; OR 856, 95% CI= 1-49-
49-17). On the other hand, mBL and gender were not statis-
tically significant.

Table 3. Logistic regression analysis for coronary heart disease (CHD)
(1= 46) with periodontitis (n=22).

Variable OR 959 CI P-value
Age 108 0-988-1-17 n.s.
Gender 0-34 0-042-1-61 a.s.
Smoking R:56 1-49-49-17 0016
HDL-c 093 0-87-0-99 0023
mBL 099 0-95-1-04 n.s.
Antibody 18:26 1-53-218-48 0022

Logistic regression with disease status (0: periodontitis without
CHD, 1: periodontitis with CHI} as dependent variable, independent
variables: ages as continuous, gender (0: male, 1: female), smoking
(0: never smoker, 1: ever smoker), HDL-¢ (mg/dl} as continuous, mBL
(%) as continuous and antibody positivity (0: either positive or negative
for both Porphyromonas gingivalis Su63 and P. gingivalis FDC381, or
negative for P, gingivalis Su63 and positive for P. gingivalis FDC381, 1:
positive for P. gingivalis Su63 only); n.s.: not significant.
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Table 4. Level of the serum inflammatory markers in cach group.

Antibody to periodontal bacteria in CHD patients

Control
{n=37)

Periodontitis
(1= 55)

CHD
(n=51)
CRP (ng/ml) 3958:9 * 18554 (918-0)*
IL-6 (pg/ml) 400 * 1-41° (1.36)

TNF-a (pg/ml) 0-86 * 0:18 {0-57)

765-0 = 1481% (349.0)
0-64 + 0-08 (0-57)
1-36 = 0-08¢ (1-32)

426-9 * 1215 (217-0)
0-82 * 032 (0-44)
196 = 0:22¢ (1.42)

Data are expressed as mean = s.e. and median values are indicated in the parentheses. *P < 0-0001 versus periodontitis and controls; "P = 0-014 versus
controls; °P < 0-0001 versus periodontitis and controls; *P < 0-0001 versus coronary heart disease. CHD: coronary heart disease; CRP: C-reactive protein;

IL: interleukin; TNF: tumour necrosis factor.

For 1gG antibody to C. pneumonia, 42:9% of the CHD
patients were antibody-positive. However, there were no cor-
relations between antibody levels to either P gingivalis
FDC381 and C. puenmoniae (r = — 0-142, P= 0-33) or P. gin-
givalis Su63 and C. pneumonige (r=— 0-175, P=0-24), sug-
gesting that there is no cross-reactivity between these two
bacteria.

Systemic inflammatory markers

Serum levels of hs-CRP, IL-6 and TNF-« are shown in
Table 4. The values of hs-CRP and IL-6 in the CHD patients
were significantly higher compared with those of the peri-
odontitis patients and control subjects (P <0-0001). The
value of hs-CRP of the periodontitis patients was also sig-
nificantly higher than that of controls (P=0-014). In con-
trast to hs-CRP and IL-6, the CHD patient TNF-o level was
significantly lower than that of periodontitis patients and
control subjects (P < 0-0001). The TNE-t level of periodon-
titis patients tended to be lower compared with that of
control subjects, but did not reach statistical significance.

Discussion

In spite of epidemiological evidence for an association
between CHD and infection, and the effect of periodontal
infection on the systemic inflammation, the contribution of
periodontal disease to such an infectious burden is largely
unknown. Here, we first report a relationship between the
systemic immune response to a particular strain of period-
ontopathic bacteria {e.g. P. gingivalis Su63) and clinical
manifestation of CHD. Although the association of infec-
tious agents such as C. pueuntoniae with CHD has been
explored previously by serological testing, only a few studies
have been performed specifically for the association with
periodontal infection. In the present study, it was demon-
strated that there was no correlation of antibody levels
between both strains of P. gingivalis and C. prenmoniae.
Pussinen et al. reported that antibodies to selected peri-
odontal pathogens were associated with CHD. They used a
mixture of three serotypes of P gingivalis as antigens in
their multi-serotype ELISA [18]. In a prospective follow-up
study by the same group, it was demonstrated that high-
serum IgA antibody to P. gingivalis and Actinebacillus

actinomycetemcomitans weve associated with future incidence
of CHD {24]. Beck et al. also demonstrated an association of
elevated IgG antibodies to oral microorganisms and athero-
sclerosis {25]. In addition, Dye et al. showed that an elevated
IgG titre to P. gingivalis was associated independently with
high serum CRP [26}. However, these studies did not take into
account the difference in the strains of each bacterium. In
addition, none of these studies showed the antibody levels to
periodontopathic bacteria in CHD patients without peri-
odontal disease as a control. Our study was also unable to set
such control groups. Age is a crucial risk factor for both CHD
and periodontal disease, and a number of epidemiological
studies have demonstrated that periodontal disease could be a
risk for cardiovascular diseases [27]. According to the fact-
finding survey of dental diseases conducted by the Ministry of
Health, Labour and Welfare of Japan in 1999, more than 88%
of the population whose ages are similar to those of patients
analysed in this study had periodontal disease. Therefore,
although the control data are important, it was difficult to
include such patients in this study.

Because peripheral blood T cells from CHD patients with
gingivitis and those with pericdontitis showed a distinct
proliferative response to bacterial HSP65 but not to human
HSP60, the immune response may be ditferent between
CHD patients with periodontitis and those without peri-
odontitis [28]. None the less, the antibody response in CHD
patients without periodontitis remains to be determined.

It is reported that the different strains of P. gingivalis vary
in their ability to invade human coronary artery endothelial
cells [15]. These results therefore suggest that several species
of periodontopathic bacteria are of particular importance in
the association with CHD. In the present study, 12 putative
periodontal pathogens were used as antigens. Of these, anti-
body positivity to two strains of P gingivalis was much
higher compared with the other bacteria. Several studies
have demonstrated a clonal heterogeneity in virulence
among various P. gingivalis strains [29]. P. gingivalis can be
classified into six genotypes based on the genomic diversity
of the fimA gene [30] in addition to serological classification,
The fimA genotypes of P. gingivalis FDC381 and Su63 are
type I and type IV {Amano A, personal communication),
respectively. The abscess formation caused by fimA type 11
and type IV organisms in mice leads to higher levels of
systemic inflammation compared to the other fimA
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genotypes [31]. Although the virulence of P. gingivalis Su63
has notbeen characterized fully, it is assumed to have equiva-
lent pathogenic activity to other strains with imA type IV,
such as P. gingivalis W50 and W83. The pathogenicity of
these strains is mediated at least in part by the cysteine pro-
teinases called gingipains. It is shown that the biological
effects of gingipains are related directly to the pathogenesis
of atheroma formation and atherosclerotic plaque rupture
{32-35]. P. gingivalis can be found in approximately 64% of
the periodontal pocket of Japanese patients with periodon-
titis (36]. However, the prevalence of each strain of P. gingi-
valis in the periodontal pockets is not known. In this context,
Amano etal. investigated the relationship between the
prevalence of fimA genotypes of P. gingivalis and periodontal
status and demonstrated that occurrence of fimA types I and
IV within P. gingivalis-positive patients was 2-:5% and 16-5%,
respectively [37].

It is interesting that the antibody positivity to P. gingivalis
Su63 was similar among the CHD and periodontitis patients,
whereas that to P. gingivalis FDC381 was much lower in the
CHD patients compared to the periodontitis patients. The
logistic regression model showed clearly a strong correlation
between the antibody positive for P. gingivalis Su63, not for P,
gingivalis FDC381, and an increased frequency of CHD
(P=0-022; OR 18-26). This suggests that in spite of the
similar infectious capability of these P. gingivalis strains, in
the periodontitis lesion only P. gingivalis Su63-susceptible
patients are at risk for CHD. Alternatively, it is possible that
antibodies against P. gingivalis FDC381 cross-react with
P. gingivalis Su63, whereas antibody to P. gingivalis Sué63 does
not cross-react with P. gingivalis FDC381. If this is the case,
P. gingivalis Su63 is considered to be more probably involved
in CHD than P. gingivalis FDC381. In the present study, we
used sonic extracts of the bacteria as antigens instead of
purified antigen(s). Although we have not determined the
specificity of the antigens, as with other studies in which
similar bacterial preparations are used [38,39], variablé pat-
terns of antibody response to different bacteria or to differ-
ent species of the same bacteria in each patient suggest that
the antibody response to each bacterium can be considered
as specific, even though the reactivity may be reflected by
some cross-reactive response. In addition, the number of
false negatives undoubtedly increases when only one antigen
has been chosen as a source of antigen [38]. Nevertheless,
the differential antibody response to different strains of
P. gingivalis needs to be clarified further.

Treponema denticola, Tannerella forsythin and Campylo-
bacter rectus as well as P. gingivalis FDC381 are considered
periodontal pathogens as the bacteria possess several viru-
lence factors such as fimbriae, proteases, haemagglutinins
and lipopolysaccharide [40]. However, antibody response to
these bacteria was low in CHD patients. Although the precise
reason is not known, prevalence of these bacteria in the
plaque may be low compared with P, gingivalis Su63 in CHD
patients, or the immune response to P, gingivalis FDC381 in

CHD patients may be different from that in periodontitis
patients.

In the present study, intergroup variation of the serum
lipid profile was found and the variation in HDL cholesterol
was of particular interest. HDL cholesterol is considered to
be an anti-atherogenic lipoprotein [41,42], and a low HDL
cholesterol concentration is one of the established indepen-
dent CHD risk factors {43].

HDL cholesterol concentration was the lowest in CHD
patients, the highest in controls and with periodontitis
patients between these two. It has been reported that
although the concentration of total cholesterol und triglyc-
eride was higher than that of controls, no difference in HDL
cholesterol was observed [44,45]. In support of our results,
Pussinen etal. demonstrated that high combined serum
antibody levels against A. actinomycetemicomitans and P. gin-
givalis were associated significantly with low HDL choles-
terol concentrations [18]. Furthermore, the same group
demonstrated that periodontitis decreases the serum HDL
cholesterol by comparing the levels before and after treat-
ment [46]. Although it is well established that infection and
inflammation are associated with a reduction in serum HDL
cholesterol, the exact mechanism has not yet been
established. Nevertheless, our study suggests that periodon-
tal infection exerts effects on both systemic inflammation
and the serum lipid profile towards pro-atherogenesity.

In spite of huge diversity of microflora in periodontal
pockets, only a small number of species are involved in the
pathogenesis of periodontal disease. Each individual species
of bacteria has a different genotype with a ditferent
virutence. We show here for the first time that a particular
genotype of P. gingivalis is probably involved in the mecha-
nisms linking periodontitis and CHD. Further study will
enable us to identify the particularly important virulence
factors in both the development and progression of
atherosclerosis.
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