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The concept of molecular mimicry

stems from the tailoring of infectious

antigens, in which unique conserved

sequences are highly homologous to

the human counterparts that might

trigger the autoantigen-derived immu-

nopathologic process (1,2). Therefore,

identifying the epitope that might

operate a double-faced immunoregu-

latory mechanism is essential for

understanding and controlling auto-

immune diseases (3,4).
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Background and Objective: Autoimmune diseases, including atherosclerosis,

diabetes mellitus and rheumatoid arthritis, can be triggered and aggravated by the

pathogen-driven antigenic peptide from Porphyromonas gingivalis HSP60.

P. gingivalis is the major pathogen of chronic periodontitis, which is a global

epidemic prevalent in two-thirds of the adult population. The monoclonal anti-

body raised against peptide 19 (Pep19: TLVVNRLRGSLKICAVKAPG) from

P. gingivalisHSP60 was polyreactive to the human homolog. The aim of this study

was to determine if Pep19 from P. gingivalis HSP60 manifests itself as a pre-

dominant antigen in infection-triggered autoimmune diseases.

Material and Methods: Pep19 from P. gingivalis HSP60, Mycobacterium tuber-

culosis HSP60 and Chlamydia pneumoniae HSP60 was synthesized for comparative

recognition by the sera from patients with atherosclerosis, type 2 diabetes and

rheumatoid arthritis, all with ongoing periodontal disease, and by the sera of a

control group of patients with periodontal disease but with no history of

atherosclerosis, type 2 diabetes or rheumatoid arthritis.

Results: Of the Pep19 peptides from P. gingivalis HSP60, M. tuberculosis HSP60

and C. pneumoniae HSP60, Pep19 from P. gingivalis HSP60 was the peptide epi-

tope predominantly and most consistently recognized by the serum samples of the

four disease groups (chronic periodontitis, atherosclerosis, type 2 diabetes mellitus

and rheumatoid arthritis).

Conclusion: Seroreactivity to Pep19 of P. gingivalis HSP60, an oral pathogen, was

predominant in patients with autoimmune disease with ongoing periodontal

disease.
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Traditionally, bacterial heat shock

proteins (HSPs) of Mycobacterium

tuberculosis and Chlamydia pneumoniae

have been proposed as candidate anti-

genic molecules responsible for trig-

gering autoimmune diseases, including

adjuvant arthritis and diabetes (5,6). In

contrast, the HSP from Porphyromon-

as gingivalis, a major periodontal

pathogen, has attracted considerable

interest in the periodontitis–athero-

sclerosis link (7–9).

The present study proposed that the

antigenic load of P. gingivalis HSP

should be higher than those of

M. tuberculosis and C. pneumoniae

because of the extremely large anti-

genic burden of P. gingivalis derived

from the overwhelming number of

these bacteria inhabiting the sub-

gingival ecological niche during

chronic periodontitis, a global epi-

demic disease prevailing in two-thirds

of the adult population (10).

Recently, it was reported that peptide

19 (Pep19: TLVVNRLRGSLKI-

CAVKAPG) from P. gingivalis HSP60

is an immunodominant peptide

epitope that might trigger auto-

immune responses both in periodontitis

and in infection-triggered athero-

sclerosis; moreover, a monoclonal an-

tibody raised against Pep19 was found

to be polyreactive to the human homo-

log (9). As an extrapolation of this

observation, the present study proposed

that this antigenic cross-reactive peptide

epitope is an immunodominant epitope

that might induce a robust autoimmune

response in type 2 diabetes mellitus

(DM) and rheumatoid arthritis (RA).

The aim of the present investigation

was to demonstrate that Pep19 from

P. gingivalis HSP60 is a predominant

antigen recognized by patients with

infection-triggered autoimmune dis-

eases.

Material and methods

Study subjects

Twenty patients with atherosclerosis,

type 2 DM and RA, suffering from

ongoing chronic periodontitis, which is

defined as inflammation within the

supporting tissues of the teeth with

progressive attachment and bone loss

Glossary of Periodontal Terms, 4th

edition, American Academy of Peri-

odontology, 2001 (11), were enrolled in

this study. Atherosclerosis was defined

as luminal irregularity or stenosis of

the artery by angiography (12). A

diagnosis of type 2 DM was based on

the following glucose criteria: a fasting

plasma glucose level of ‡ 126 mg/dL,

or symptoms (such as polyuria, poly-

dipsia and unexplained weight loss)

and a casual plasma glucose level of

‡ 200 mg/dL, or a plasma glucose level

of ‡ 200 mg/dL 2 h after a 75-g glu-

cose load, or a glycated hemoglobin

(HbA1c) level of ‡ 6.5% (13). Patients

who fulfilled the American College of

Rheumatology 1987 revised classifica-

tion criteria were diagnosed with RA

(14).

Table 1. Profiles of chronic periodontitis manifested by pocket depths and level of attach-

ment*

Disease

Variable Periodontitis Atherosclerosis Diabetes

mellitus

Rheumatoid

arthritis

Number of patients 20 20 20 20

Pocket depth 5.3 ± 1.5 5.5 ± 1.2 5.6 ± 1.4 5.5 ± 1.6

Level of attachment 5.4 ± 1.5 5.5 ± 1.3 5.7 ± 1.6 5.6 ± 1.3

Values are given as mean ± standard deviation, unless indicated otherwise.

*No significant differences in the mean values among disease groups.

Fig. 1. Scatter diagram of serum immunoglobulin G (IgG) titers, from patients of the four disease groups (periodontitis, atherosclerosis,

diabetes mellitus and rheumatoid arthritis), to Pep19 from human HSP60 (Hu19), Pep19 from Porphyromonas gingivalisHSP60 (Pg19), Pep19

from Mycobacterium tuberculosis HSP60 (Mt19) and Pep19 from Chlamydia pneumoniae HSP60 (Cp19). The horizontal bars represent mean

values. Each dot represents the serum IgG titer.
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Twenty periodontitis patients with-

out a history of the aforementioned

diseases were included as control sub-

jects. Peripheral blood was drawn from

all patients by venipuncture for serum

collection. The study was approved by

the Institutional Review Board of

Pusan National University Hospital.

Written, informed consent for the sur-

gical procedure was obtained from the

patients. All experiments were per-

formed under the principles of the

declaration of Helsinki.

Serum immunoglobulin G titers to
Pep19

Pep19 peptides from P. gingivalis,

M. tuberculosis or C. pneumoniae

HSP60 were synthesized, dissolved in

dimethylsulfoxide and diluted with

0.1 M carbonate-bicarbonate buffer.

The wells of microtiter plates (Cova-

Link plate; NUNC, Roskilde, Den-

mark) were coated with Pep19 at an

antigen concentration of 4 mM/mL

using water-soluble 1-ethyl-(3-di-

methylaminopropyl) carbodiimide in

the presence ofN- hydroxysuccinamide.

After washing the coated plates with

phosphate- buffered saline (PBS)-

Tween 20, human serum samples

diluted serially with PBS-Tween 20were

added to each well and incubated. After

washing the plates, horseradish

peroxidase (HRP)-conjugated mouse

anti-human immunoglobulin G (IgG)

(c-chain specific; Southern Biotech,

Birmingham, AL, USA) was added and

incubated. The plates were washed, and

tetramethylbenzidine (Kirkegaard and

Perry Laboratories, Gaithersburg,MD,

USA) was added to each well and

incubated, followed by the addition of

H2SO4 to quench the reaction. For

ELISA, negative controls were created

using the following two protocols: after

coating the antigen, the negative

control-1 well was incubated in dupli-

cate with dilution buffer only (i.e. with-

out patient serum) followed by a routine

procedure for the standard ELISA

protocol, whereas the negative control-

2 well was incubated in duplicate with

patients� serum in the dilution buffer

followed by incubation with dilution

buffer only, without HRP-conjugated

mouse anti-human IgG. The back-

ground absorbance (A) values of these

controlwellswere subtracted from theA

values of the test samples.

The A values, read at a wavelength

of 450 nm, were plotted as a function

of the serum-dilution factor for

regression analysis. The serum-dilution

factor corresponding to an A of 0.5

was designated as the IgG titer for a

given sample. The differences in the

IgG titers against the Pep19 from dif-

ferent organisms were analyzed using

the Student�s t-test.

Dot-immunoblot profiles to Pep19

Five micrograms of Pep19 from each

bacterial HSP60 was spotted onto each

of 40 nitrocellulose membranes (i.e. to

allow serum samples from 10 patients in

each of the four groups to be tested

separately). The membranes were

blocked for 30 min with 5% skim milk,

Table 2. Sequence homology of Pep19 from Porphyromonas gingivalis HSP60, Mycobacte-

rium tuberculosis HSP60 and Chlamydia pneumoniae HSP60 to the human homolog

Pep19 source Sequence Homology (%)

P. gingivalis HSP60 TLVVNRLRGSLKICAVKAPG 60

M. tuberculosis HSP60 TLVVNKIRGTFKSVAVKAPG 55

C. pneumoniae HSP60 TLVVNKLQGLLQVTVVTIPQ 50

Fig. 2. Dot-immunoblot profiles of reactivity of serum from patients of the four disease groups (periodontitis, atherosclerosis, diabetes

mellitus and rheumatoid arthritis) to whole HSP60 protein from Porphyromonas gingivalis (PgHSP), whole HSP60 protein from Mycobac-

terium tuberculosis (MtHSP) and whole HSP60 protein from Chlamydia pneumoniae (CpHSP). The black margins are artifacts produced

during the blotting procedure.
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serum samples from 10 representative

patients in each group were added to

separate membranes and the mem-

branes were incubated for a further 2 h

at room temperature. After washing the

membranes with PBS-Tween 20 for

30 min at room temperature, HRP-

conjugated mouse anti-human IgG

(c-chain specific; Jackson Immuno

Research Laboratories, West Grove,

PA, USA) was added, and the mem-

branes were incubated for a further 1 h.

The membranes were washed with

PBS-Tween 20, tetramethylbenzidine

was added and any color development

Fig. 4. Dot-immunoblot profiles of reactivity of serum from patients of the four disease groups (periodontitis, atherosclerosis, diabetes

mellitus and rheumatoid arthritis) to Pep19 from human HSP60 (Pg19), Pep19 from Porphyromonas gingivalis HSP60, Pep19 from Myco-

bacterium tuberculosisHSP60 (Mt19) and Pep19 from Chlamydia pneumoniaeHSP60 (Cp19). The black margins are artifacts produced during

the blotting procedure.

Fig. 3. Densitometric image analysis of the dot-immunoblot profiles of reactivity of serum from patients of the four disease groups (peri-

odontitis, atherosclerosis, diabetes mellitus and rheumatoid arthritis) to whole HSP60 protein from Porphyromonas gingivalis (PgHSP), whole

HSP60 protein from Mycobacterium tuberculosis (MtHSP) and whole HSP60 protein from Chlamydia pneumoniae (CpHSP).
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was recorded. An identical procedure

was performed using five representative

serum samples from each disease group

for the whole HSP60 proteins of P. gin-

givalis, M. tuberculosis or C. pneumo-

niae (kindly provided by Dr. Grant

Pierce). Each dot-blot image was con-

verted for densitometric image analysis

using imaging software (IMAGE J soft-

ware version 1.45;National Institutes of

Health, Bethesda, MD, USA).

Results and Discussion

Table 1 lists the mean pocket depths

and attachment levels of patients in

each of the four disease groups. Both

probing pocket depth and attachment

level were similar in each of the disease

groups. The serum IgG titer seemed

highest to Pep19 from C. pneumoniae

HSP60 among the three microorgan-

isms tested, which was comparable to

the IgG titer to Pep19 from P. gingi-

valis HSP60, in the patients of the four

disease groups; however, the inter-

microbial differences failed to reach

statistical significance (Fig. 1). The

magnitudes of the antibody titers were

enhanced greatly in the groups with

systemic disease plus chronic peri-

odontitis (particularly in the groups

with atherosclerosis and type 2 DM).

The antibody titers to Pep19 of human

HSP60, P. gingivalis HSP60, C. pneu-

moniae HSP60 and M. tuberculosis

HSP60 were similar. Although the

antibody to Pep19 of P. gingivalis

HSP60/GroEL was measured against

purified Pep19 of P. gingivalis HSP60/

GroEL, it is likely to represent the anti-

body to theGroELhomologues of other

microorganisms. In a previous study

(9), P. gingivalis HSP60/GroEL was

shown to cross-react with the HSP60

homologues from other bacteria.

Despite the similar degree of

sequence homology of the Pep19 from

the three different bacterial species to

the human homolog (Table 2), the

highest serum immunoblot intensity

was observed consistently with Pep19

from P. gingivalis HSP60 or with the

whole P. gingivalis HSP60 in patients

from all four disease groups compared

with those from the other two micro-

organisms (Figs 2–5).

The severity of periodontal disease

was similar among the four test groups,

which demonstrated a unique serum-

response pattern to Pep19 or to whole

protein from P. gingivalis HSP60. In

accordance with the emerging concept

that oral pathogens might contribute to

the initiation and perpetuation of sys-

temic autoimmune diseases (15), it was

a primary concern as to whether

P. gingivalisHSP would play a key role

in infection-triggered autoimmune

responses operating in the immuno-

pathogenic mechanisms of atheroscle-

rosis, type 2 DM or RA.

These results are in accordance with

the recent observation that anti-GroEL

and anti-P. gingivalis IgG antibodies

cross-react with human HSP60 (16).

Ford et al. (17) reported that increas-

ing the pathogenic burden of P. gingi-

valis enhanced the size of the

atherosclerotic lesion, which also cor-

related with the anti-GroEL IgG anti-

body levels, supporting the concept of

molecular mimicry.

Pep19 from P. gingivalis HSP60 has

been reported to lack the ability to

mobilize regulatory T cells in patients

with chronic periodontitis (9). Fur-

thermore, Pep19 from P. gingivalis

HSP60 aggravated both periodontitis

and atherosclerosis (18). Whether the

epitope enhances or suppresses the

infection-induced autoimmune re-

sponses by mobilizing the effector or

regulatory T cells (19, 20) needs to be

determined in a sophisticated manner

for molecular mimicry-based im-

munotherapy through antigen tailoring

by comparing the sequence alignment

(1). In an attempt to circumvent this

inherent problem, the polyreactive

monoclonal antibody that recognized

Pep19 from both P. gingivalis HSP60

Fig. 5. Densitometric image analysis of the dot-immunoblot profiles of reactivity of serum from patients of the four disease groups (peri-

odontitis, atherosclerosis, diabetes mellitus and rheumatoid arthritis) to Pep19 from human HSP60 (Hu19), Pep19 from Porphyromon-

as gingivalis HSP60 (Pg19), Pep19 from Mycobacterium tuberculosis HSP60 (Mt19) and Pep19 from Chlamydia pneumoniae HSP60 (Cp19).
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and human HSP60 was used as a tool

to examine an immunodominant pep-

tide from an infectious pathogen that

might trigger autoimmune disease (9).

In addition, the other peptide re-

cognized only by a monoreactive

monoclonal antibody is being tested

for its potential to suppress auto-

immunity.

No attempt was made to quantify

the severity of disease in each patient

with atherosclerosis, type 2 DM or

RA. Instead, an attempt was made to

adhere to the physician�s clinical diag-
nosis made according to their routine

diagnostic guideline. A future study

will examine the correlation between

the severity of autoimmune diseases

and the reactivity to Pep19 of HSP60.

Within the limits of this study, it is

tempting to hypothesize that Pep19

might be a pan biomarker for patho-

gen-derived autoimmunity prevailing

in atherosclerosis, type 2 DM and RA.

Further mechanistic studies will be

needed to delineate this (14,20,21).
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