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A new, emerging concept that elevated

levels of inflammatory biomarkers in

periodontal patients might contribute

to the perpetuation of atherosclerotic

cardiovascular disease was announced

simultaneously by two official Acade-

mies (1). Recently, heat shock protein

(HSP) of Porphyromonas gingivalis, a

major periodontal pathogen, was sug-

gested to be a trigger molecule linking

periodontitis as an infectious disease

with atherosclerosis as an autoimmune

disease (2–6). The pivotal role of

P. gingivalis HSP60 in the immuno-

pathogenic mechanism of both peri-

odontitis and atherosclerosis has been

demonstrated in the context of immu-

nodominant T- and/or B-cell epitopes

(7–10). A P. gingivalis HSP60 vaccine

was reported to successfully reduce the

level of alveolar bone loss in experi-

mental periodontitis as a polymicrobial

infection (11), and an anti-P. gingivalis

HSP60 serum manifested cross-species
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Background and Objective: Heat shock protein 60 (HSP60) of Porphyromon-

as gingivalis, a major periodontal pathogen, might be a trigger molecule linking

infectious periodontitis and autoimmune atherosclerosis. The aim of this study

was to identify the peptide specificity of anti-P. gingivalis HSP60 monoclonal

antibodies and their cross-reactivity with bacterial and human HSPs. Their specific

immunoreactivity to periodontal or atherosclerotic lesions was also investigated.

Methods: Twenty patients with chronic periodontitis and 20 atherosclerosis

patients who had undergone surgical intervention for atheromatous plaques with

evidence of ongoing periodontal disease, were selected. Synthetic peptide 19

((TLVVNRLRGSLKICAVKAPG)-specific T-cell lines were established from

inflamed gingiva and atheromatous plaque and the phenotypes and cytokine

profiles were characterized.

Results: Thirty per cent of periodontitis patients and 100% of atherosclerosis

patients reacted positively to cross-reactive peptide 19 from both P. gingivalis and

human HSP60. The peptide 19-specific T-cell lines demonstrated the phenotype

characteristic of helper T cells (CD4+) but did not express CD25 or FOXP3. The

interleukin-10 levels were elevated significantly in the peptide 19 T-cell line.

Conclusion: Synthetic peptide 19 of P. gingivalis HSP60 is an immunoreactive

epitope in the periodontitis–atherosclerosis axis.
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recognition to exert an opsono-

phagocytic function against multiple

periodontopathogenic bacteria (12).

However, concerns have been raised

about use of the HSP60 molecule as a

periodontal vaccine because of the

potential for autoimmune reactions as

a result of the high sequence homology

of bacterial HSP with the human self-

antigen.

Therefore, identification of a specific

cross-reactive HSP peptide is essential

for providing cross-species protection

in periodontal disease as a polymicro-

bial infection (13). The same is true for

identifying a specific antigenic region in

the HSP peptide through molecular

mimicry that might mobilize antigen-

specific regulatory T cells to suppress

the periodontitis-triggered autoimmune

reaction in atherosclerosis (2,14,15).

Monoclonal hybridoma technology

was adopted to clone the anti-P. gin-

givalis HSP60 monoclonal antibody

(mAb) that manifests either mono-

specificity or polyspecificity to exoge-

nous bacterial HSPs or to indigenous

human self-HSP60 at the molecular

level (16). This is because determining

the epitope specificity of these mAbs

might clarify the molecular mecha-

nisms through which exogenous bac-

terial HSP triggers the development of

autoimmune diseases (i.e. atheroscle-

rosis, diabetes mellitus or rheumatoid

arthritis).

The aims of this study were to iden-

tify (i) the specific peptide recognized

by anti-P. gingivalis HSP60 mAbs; (ii)

the cross-reactivity of anti-P. gingivalis

HSP60mAbs with bacterial and human

HSPs; and (iii) the patient�s seroreac-

tivity to the specific peptides and to the

human HSP homolog recognized by

these mAbs. The peptide-specific T-cell

lines established from the periodontal

or atherosclerotic lesions were also

characterized.

Material and methods

Identification of specific peptide
epitopes

Synthetic peptides— A total of 37

overlapping peptides (each consisting

of 20 amino acids with a 5-amino acid

overlapping sequence), spanning the

entire P. gingivalis HSP60 protein

sequence, were synthesized by Fmoc

solid-phase peptide synthesis using

ASP48S (Peptron Inc., Daejeon, South

Korea), and were purified by reverse-

phase high-performance liquid chro-

matography using a Vydac Everest

C18 column (Grace Vydac, Hesperia,

CA, USA). Elution was carried out

with a water/acetonitrile linear gradi-

ent [10–75% (v/v) of acetonitrile] con-

taining 0.1% (v/v) trifluoroacetic acid.

Western and dot-immunoblot analy-

sis— Briefly, each peptide (1 lg) was

subject to sodium dodecyl sulfate–

polyacrylamide gel electrophoresis

(SDS-PAGE) and electrotransferred to

a polyvinylidene difluoride membrane

or spotted onto a polyvinylidene di-

fluoride membrane. The membrane was

blocked for 30 min with 5% skim milk,

the mAb in phosphate-buffered saline

(PBS) was added and the membrane

was incubated for a further 2 h at room

temperature. After washing the mem-

brane with PBS-Tween20 for 30 min

at room temperature, horseradish

peroxidase-conjugated goat anti-mouse

immunoglobulin G (IgG) (c-chain
specific; Jackson ImmunoResearch

Laboratories, West Grove, PA, USA)

was added and the membrane was

incubated for 1 h. The membrane was

then washed with PBS-Tween, tetra-

methylbenzidine was added and any

color development was noted.

Study subjects

Twenty patients with chronic period-

ontitis, defined as an inflammation

within the supporting tissues of the

teeth with progressive attachment and

bone loss (Glossary of Periodontal

Terms, 4th edition, AAP 2001), without

a history of atherosclerosis and 20

atherosclerosis patients who had

undergone surgical intervention for

atheromatous plaques with evidence of

ongoing periodontal disease, were se-

lected. Only those who demonstrated

elevated serum antibody titers to

P. gingivalis HSP60 were included. A

gingival specimen was removed from

the periodontal lesions during peri-

odontal open flap debridement. Ather-

omatous plaque was harvested during

the surgical intervention procedure.

Peripheral blood was drawn by vene-

puncture to provide antigen-presenting

cells and for serum collection. The

study was approved by the Institutional

Review Board of Pusan National

University Hospital. Informed consent

forms were obtained from the patients

for the surgical procedure.

Reactivity of patient sera to epitope
peptides

Five micrograms of synthetic P. gingi-

valis HSP peptide recognized by either

monospecific or polyspecific mAbs was

spotted onto a nitrocellulose mem-

brane. The membrane was blocked for

30 min with 5% skim milk, individual

samples of serum from each patient

was tested separately and the mem-

brane was incubated for a further 2 h

at room temperature. After washing

the membrane with PBS-Tween20 for

30 min at room temperature, horse-

radish peroxidase-conjugated mouse

anti-human IgG (c-chain specific;

Jackson ImmunoResearch Laborato-

ries) was added and the membrane

was incubated for a further 1 h. The

membrane was then washed with

PBS-Tween, tetramethylbenzidine was

added and any color development was

noted.

Characterization of cross-reactive
peptide-specific T-cell lines

Human T cells purified from gingival

or atherosclerosis lesions were stimu-

lated with cross-reactive peptide for

2 wk by adding the peptide and mito-

mycin-treated peripheral blood lym-

phocytes. With an alternating cycle of

stimulation and resting for 2 wk, the

antigen-specific T-cell lines were

established and characterized by flow

cytometry analysis to confirm the

phenotype of regulatory T cells

(CD4+, CD25+, FOXP3+). The con-

centrations of cytokine [interferon-c
(IFN-c), interleukin-10 (IL-10) and

transforming growth factor-b (TGF-b)]
in the T-cell culture supernatant were

measured using a standard ELISA.

The concentration of cytokines in the

cell culture medium was used as the

control.
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Results

Patients� profile

The mean pocket depths of patients

with periodontitis and of patients

with atherosclerosis and ongoing perio-

dontal disease were 5.4 ± 1.3 and

5.6 ± 1.1 mm, respectively (Table 1).

The serum titers of IgG to P. gingivalis

HSP60 in patients with periodontitis

and in patients with atherosclerosis

and ongoing periodontal disease were

608 ± 34 and 581 ± 41, respectively,

which were significantly higher than

those of the control group (p < 0.01).

Identification of specific peptide
epitopes

Five clones (JC5–JC9) of the poly-

specific anti-P. gingivalis HSP60 mAbs

(Fig. 1A) cross-recognized HSPs from

periodontopathogenic bacteria and

human HSP60 (Fig. 1A, left and mid-

dle panels, respectively). These clones

recognized synthetic peptide 19 (TLVV

NRLRGSLKICAVKAPG) (Fig. 2A).

Three clones (JC1–JC3) demonstrating

monospecificity to P. gingivalis HSP60

(Fig. 1B) recognized peptide 29 (TVPG

GGTTYIRAIAALEGLK) of the syn-

thetic peptide spanning the entire mol-

ecule of P. gingivalis HSP60 (Fig. 2B),

as shown in western blotting or dot

immunoblot analyses.

Reactivity of patient sera to epitope
peptides

P. gingivalis HSP peptide 19, which

was identified by the cross-reactive

mAb, was recognized by sera from

each of the 20 atherosclerosis patients,

whereas only six out of 20 periodontitis

patients showed a positive reaction to

this peptide. None of the periodon-

titis or atherosclerosis patient sera

responded to peptide 29, which had

been recognized by the monospecific

mAb (Fig. 3)

Table 1. The mean pocket depths and serum immunoglobulin G (IgG) titers, to Porphyro-

monas gingivalis heat shock protein 60 (HSP60), in healthy controls, patients with peri-

odontitis and atherosclerosis and patients with ongoing periodontal disease

Parameter

Healthy control

(n = 20)

Periodontitis

patients

(n = 20)

Atherosclerosis

patients

(n = 20)

Mean pocket depth (mm) 2.8 ± 0.4 5.4 ± 1.3 5.6 ± 1.1

IgG titer 102 ± 11 608 ± 34* 581 ± 41*

The ELISA unit is the serum dilution factor corresponding to an optical density of 0.5.

*Significantly higher than the control group (p < 0.01).

Fig. 1. Pattern of reaction of the polyreactive clones JC5–JC9 (A; left panel) and the

monoreactive clones JC1–JC3 (B; left panel) of anti-Porphyromonas gingivalis heat shock

protein 60 (HSP60) monoclonal antibodies with cognate HSP antigen or with the HSPs of

five periodontopathogenic bacteria, or with the human (Hu) counterpart (A, right panel; B,

right panel, respectively), demonstrated by immunoblot analysis. Aa, Aggregatibacter

actinomycetemcomitans; Fn, Fusobacterium nucleatum; Pi, Prevotella intermedia; Sm, Strep-

tococcus mutans; Td, Treponema denticola.

Fig. 2. The polyreactive monoclonal anti-

body (mAb) (A; clones JC5–JC9) recog-

nized peptide 19 among 37 synthetic

peptides spanning the whole molecule of

P. gingivalis heat shock protein 60 (HSP60)

as well as human HSP60, while the mono-

reactive mAb (B; clones JC1–JC3) recog-

nized peptide 29 without responding to

human HSP60, respectively, as demon-

strated by western blotting.
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Characterization of cross-reactive
peptide-specific T-cell lines

The cross-reactive peptide 19-specific

T-cell line, established from gingival or

atherosclerotic lesions, demonstrated a

T-cell phenotype characteristic of

helper T cells (CD4+) (Fig. 4). How-

ever, none of the T-cell lines estab-

lished was positive for the phenotypes

characteristic of regulatory T cells

(CD25 or FOXP3). The peptide

19-specific T-cell line produced a sig-

nificantly higher amount of IL-10

than the control supernatant in both

the periodontitis and atherosclerosis

patients, whereas the levels of IFN-c
and TGF-b were not elevated (Fig. 4).

Discussion

Simply comparing the sequence

homology or mapping the immuno-

dominant epitopes might provide only

limited information as to which peptide

of P. gingivalis HSP would cross-react

with the human HSP peptide within the

gingival lesion or arterial wall. To cir-

cumvent these underlying obstacles,

monoclonal hybridoma technology was

used to screen candidate peptides that

exhibit either monospecificity or poly-

specificity to the HSP of exogenous

bacteria or to the indigenous human

self-HSP at the molecular level (16,17).

The concept stems from the polyreac-

tive nature of the antibody to patho-

gen-associated molecular patterns,

such as HSP, lipopolysaccharide or

phosphorylcholine (18–20).

Eight clones were obtained from a

mouse hybridoma producing a panel of

monoclonal IgGs to P. gingivalis

HSP60. Despite the monoclonality of

the hybridoma cell lines, five showed

an identical pattern of polyreactivity

with the cognate HSP antigen, other

bacterial HSPs, as well as a human

homolog, whereas three demonstrated

monoreactivity only to the cognate

HSP60 molecule. Therefore, the poly-

reactive mAb, which is characteristic of

the host defense mechanisms against

the pattern-associated molecular pat-

tern, was validated (18–20).

In an attempt to identify the specific

peptide epitope recognized by these

mAbs, 37 synthetic peptides (20-mer,

overlapping by five amino acids), span-

ning the entire molecule of P. gingivalis

HSP60, were synthesized. A monore-

active mAb to P. gingivalis HSP60

recognized peptide 29 (TVPGGGTT

YIRAIAALEGLK), whereas the poly-

reactive mAb recognized peptide

19 (TLVVNRLRGSLKICAVKAPG).

P. gingivalisHSP peptide 19, which was

identified by a cross-reactive mAb, was

recognized by serum from each patient

with atherosclerosis. This is strongly

indicative of a link molecule triggering

atherosclerosis by a periodontal infec-

tion and is supported further by the

observation that serum from each pa-

tient with atherosclerosis reacted to

peptide 19 from P. gingivalis HSP60

and human HSP60 but not to peptide

29.

Fig. 3. Porphyromonas gingivalis heat shock protein (HSP) peptide 19 (Pg-19) and its human homolog (Hu-19) were recognized by serum

from each of 20 atherosclerosis patients, whereas serum from only six of 20 periodontitis patients showed a positive reaction to the peptide.

No serum from any periodontitis or atherosclerosis patients responded to peptide 29 from either P. gingivalis HSP (Pg-29) or human HSP

(Hu-29). Peptide 29 has been recognized by a monospecific monoclonal antibody (mAb). Six randomly selected blot images are depicted

(serum dilution 1 : 200).
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Interestingly, based on our previous

studies and on the findings of another

report, peptide 19 has been identified

as an immunodominant T- and B-cell

epitope in both periodontitis and

atherosclerosis patients (9,10,21,22),

and as a common B-cell epitope in

atherosclerosis patients (9), whereas

peptide 29 is a B-cell epitope in peri-

odontitis (21) and a T- and B-cell epi-

tope in atherosclerosis patients (22).

Further experiments are needed to

determine if immunization with pep-

tide 19 or adoptive transfer of a specific

T-cell line would accelerate the devel-

opment of atherosclerosis.

Identifying a defined cross-reactive

HSP peptide is essential for providing

cross-species protection in periodontal

disease as a polymicrobial infection

(13). HSP60 is a molecular target

for the T-cell immune response in

the periodontitis–atherosclerosis link

(4,5,9,14). In the present study, the

peptide 19-specific T-cell line demon-

strated a phenotype characteristic of a

helper T-cell (i.e. it was CD4+), with-

out expressing CD25 or FOXP3, but

secreted a significantly higher amount

of IL-10. However, the levels of IFN-c
or TGF-b were not elevated. Within

the limits of this study, the cytokine

profile of the T-cell line could not be

delineated because the regulatory T cell

developed by either peptide 19 (poly-

reactive) or peptide 29 (mono-reactive)

could not be observed. It is possible

that peptides 19 and 29, both being

the immunodominant B-cell epitopes

in periodontitis and atherosclerosis

(9,10,21,22), could not stimulate regu-

latory T cells. Screening is currently

underway for epitopes that can stimu-

late T lymphocytes exclusively without

being B-cell epitopes.

Future studies should examine whe-

ther a tailored antigen from the HSP

peptide through molecular mimicry

might mobilize antigen-specific regula-

tory T cells to suppress a periodontitis-

triggered autoimmune reaction in

atherosclerosis (4,5). Several studies

have examined the regulatory T cells

involved in the immunoregulatory

mechanisms in periodontal lesions (23)

and atherosclerosis (2,4,5,14,15).

In conclusion, peptide 19 (TLVV

NRLRGSLKICAVKAPG) of P. gin-

givalis HSP60 is an immunoreactive

epitope in periodontal infection-trig-

gered atherosclerosis. This strategy can

be expanded to identify the candidate

peptide molecules linking periodontal–

systemic autoimmune diseases (i.e.

atherosclerosis, diabetes mellitus or

rheumatoid arthritis) triggered by

exogenous bacterial HSP (2).
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