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Summary

 

The human 60 kDa and microbial 65 kDa heat shock proteins (HSP) have
been implicated in the pathogenesis of chronic periodontitis (P) and coronary
heart disease (CHD). We have studied four male non-smoking cohorts of 81
subjects, matched for age. Group (a) consisted of a healthy group with mini-
mal gingivitis (

 

n

 

 ====

 

 18), group (b) were patients with P (

 

n

 

 ====

 

 23), group (c)
patients with CHD and minimal gingivitis (

 

n

 

 ====

 

 20) and group (d) patients
with CHD and P (

 

n

 

 ====

 

 20). T cells separated from peripheral blood were found
to be primed to both microbial HSP65 and human HSP60 but significant
CD4, human leucocyte antigen (HLA) class II-restricted proliferative
responses were found only with the human HSP60 in patients with P
(

 

P

 

 <<<<

 

 0·001) and CHD without (

 

P

 

 <<<<

 

 0·001) or with (

 

P

 

 <<<<

 

 0·00001) periodontitis.
Dose-dependent inhibition of T cell  proliferative responses was carried out
to determine the receptors involved in recognition of HSP60 and HSP65.
Monoclonal antibodies to CD14 showed inhibition of T cell proliferation
stimulated by both HSP60 and HSP65, consistent with the role of CD14 as a
receptor for these HSPs in P and CHD. The toll-like receptor 2 (TLR-) and
TLR-4 were then studied and these showed that TLR-4 was recognized by
microbial HSP65, whereas TLR-2 was recognised by human HSP60 in both P
and CHD. However, a dissociation was found in the HSP60 and TLR4 inter-
action, as TLR4 appeared to have been recognized by HSP60 in P but not in
CHD. The results suggest an autoimmune or cross-reactive CD4

  

++++

 

 class II-
restricted T cell response to the human HSP60 in P and CHD. Further studies
are required to determine if there is a common epitope within HSP60 that
stimulates T cell proliferation in P and CHD.
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Introduction

 

Chronic periodontitis (P) is an inflammatory disease char-
acterized by connective tissue destruction and bone resorp-
tion. The aetiology of P is associated with a number of
bacteria, autoimmunity or microbial cross-reactivity [1].
Although cross-sectional studies suggest an association
between P and 

 

Porphyromonas gingivalis

 

 and 

 

Tannerella
forsythensis

 

,  there are no longitudinal studies showing that

 

P. gingivalis

 

 leads necessarily to P. In addition, more recent
studies indicate that there are more potential periodontal
Gram-positive and Gram-negative pathogens, as well as a
significant number of unculturable species [2]. These
findings support the hypothesis that the aetiology of P is

polymicrobial. Heat shock proteins (HSP) are a group of
highly conserved proteins found in eukaryotic and prokary-
otic cells, including Gram-positive and Gram-negative
microorganisms [3]. The high degree of homology between
microbial and human HSP 60 [4] has led to the concept that
molecular mimicry between the microbial and self HSP may
be involved in the pathogenesis of some autoimmune dis-
eases [5,6] and oral ulceration [7–9]. GroEL-like proteins
belonging to the HSP60 family are found in two -major peri-
odontopathic organisms: 

 

P. gingivalis

 

 [10,11] and 

 

Actinoba-
cillus actinomycetemcomitans

 

 [12]. HSP60 has also been
demonstrated in periodontal tissues, using anti-human
HSP60 antibody which is cross-reactive with bacterial GroEL
HSP65 [13]. More recently, a significant increase in serum
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antibodies and T cell proliferative responses to HSP60 has
been detected in patients with P [14,15].

Epidemiological reports suggest that periodontitis may be
associated with coronary artery disease [16,17]. Although this
association has recently been questioned [18], tooth loss as a
result of periodontitis is associated with peripheral arterial
disease and coronary artery plaques [19]. In humans, both
chlamydial and human HSP60 has been found in atheroma
lesions and elevated anti-mycobacterial HSP antibodies have
been detected in serum [20,21]. Thus, HSP may provide a link
between these two diverse diseases, as antibodies to HSP65
have been implicated in the pathogenesis of atherosclerosis
[20,22–24] and periodontal disease [25]. There is a wide
range of pathogens implicated in atherosclerosis and anti-
mycobacterial HSP antibodies can be detected in the sera of
patients. Furthermore, in normocholesterolaemic rabbits,
atherosclerotic lesions can be induced by immunization with
the mycobacterial HSP65 [26,27]. Given the wide range of
putative periodontopathogens and the role of mycobacterial
HSP in atherosclerosis, we chose to investigate immune
responses to human HSP and the mycobacterial HSP, which
shows a high degree of homology with both Gram-positive
and Gram-negative bacteria and the human [3,4].

The objectives of this investigation were to determine
whether lymphocytes from patients with P and coronary
heart disease (CHD) are primed to the microbial 65 kDa
and/or human 60 kDa HSP, and to study the involvement of
CD4 and CD8 T cells, the CD14 receptors and toll-like recep-
tor 2 (TLR2) and TLR4.

 

Subjects and methods

 

Patients and controls

 

All subjects were male and non-smokers. Patients with P
(

 

n

 

 

 

=

 

 23) without any autoimmune or other systemic disease

manifestations were selected from the out-patient clinic of
the Department of Periodontology at GKT Dental Institute,
London, UK (Table 1). Patients with CHD (

 

n

 

 

 

=

 

 40) were
selected from the Coronary Care Unit at St Thomas’s Hos-
pital. Healthy controls consisted of 18 male subjects broadly
matched for age. Ethical committee approval and patient
consent was obtained to withdraw 40 ml venous blood from
all subjects. The control subjects had minimal gingival
inflammation and bleeding on probing (percentage of bleed-
ing sites, mean 

 

±

 

 s.d., 1·8 

 

±

 

 0·8), compared with the diseased
groups, with bleeding sites in P (48·9 

 

±

 

 11·7), coronary heart
disease with gingivitis (CHD-G; 1·9 

 

±

 

 0·7) and CHD-P
(45·9 

 

±

 

 8·7),  and had probing depths of 2·2 

 

±

 

 0·8.  The
CHD-G group also showed minimal gingival inflammation
(1·9 

 

±

 

 0·7), and probing depths of 2·2 

 

±

 

 1·1. All CHD-G
patients had CHD as determined by greater than 60% diam-
eter stenosis in at least two major epicardial coronary arter-
ies, and conversely only eight of the healthy control subjects
were confirmed to be free of CHD based on angiography, the
remaining members of the group denying any chest pain
symptoms.

The chronic periodontitis (P) group had probing depths of
5·1 

 

±

 

 1·3, compared to 5·8 

 

±

 

 2·0 in CHD-P (coronary heart
disease with P). Although patients with CHD with or without
periodontitis were older (mean age 54·8 

 

±

 

 7·3, and 55·6 

 

±

 

 8·5,
respectively) than the healthy controls (44·6 

 

±

 

 10·4) and P
(47 

 

±

 

 9·5), this was not statistically significant (

 

P

 

 

 

>

 

 0·05).

 

HSP

 

Recombinant HSP65 derived from 

 

Mycobacterium bovis

 

 was
prepared at the National Institute of Public Health and Envi-
ronmental Protection, Bilthoven, the Netherlands and used
at a predetermined optimal concentration of 10 

 

µ

 

g/ml.
Human HSP60 was purchased from Stressgen (Victoria,
Canada). The two HSPs were detoxified using Detoxi-gel

 

Table 1.

 

Number, age, dental data and angiographic status of control subjects, patients with periodontitis and coronary heart disease without and 

with periodontitis.

Controls Periodontitis

Coronary heart disease

and gingivitis

Coronary heart disease

and periodontitis

Number

 

n

 

 

 

=

 

 18

 

n

 

 

 

=

 

 23

 

 n

 

 

 

=

 

 20

 

n

 

 

 

=

 

 20

Age 44·6 

 

±

 

 10·4  47 

 

±

 

 9·5 55·6 

 

±

 

 8·5 54·8 

 

±

 

 7·3

number of teeth  26 

 

±

 

 5·2 25·5 

 

±

 

 5  24 

 

±

 

 2·9 23·8 

 

±

 

 3·3

Mean percentage of sites

with probing depths of

 

≥

 

 4 mm 2·0 

 

±

 

 0·86 10·6 

 

±

 

 20·6 2·0 

 

±

 

 0·86 14·6 

 

±

 

 23·8

 

≥

 

 5 mm 0 26·0 

 

±

 

 25·0 0 28·6 

 

±

 

 21·3

 

≥

 

 7 mm 0 3·2 

 

±

 

 1·8 0 2·1 

 

±

 

 2·6

Mean probing depth 2·2 

 

±

 

 0·8 5·1 

 

±

 

 1·3 2·2 

 

±

 

 1·1 5·8 

 

±

 

 2·0

Mean percentage of sites

with bleeding on probing

1·8 

 

±

 

 0·8 48·9 

 

±

 

 11·7 1·9 

 

±

 

 0·7 45·9 

 

±

 

 8·7

Angiogram 8 confirmed 9 confirmed 20/20 20/20

negative negative positive positive
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columns (Pierce, Oxford, UK) and the endotoxin level was
determined by Limulus Amoebocyte Lysate assay (Sigma-
Aldrich, Poole, Dorset, UK). The concentration of endotoxin
was 

 

<

 

 0·007 U/

 

µ

 

g or 7 pg endotoxin/

 

µ

 

g for both HSPs.

 

Separation of cells

 

Peripheral blood mononuclear cells (PBMC) were separated
from blood by density gradient centrifugation and cultured as
described previously [28]. Briefly, 10

 

5

 

 cells were cultured in
RPMI with or without antigens, including ovalbumin (Sigma,
Poole, UK) as an unrelated protein control, in quadruplicate
in 96-well round-bottomed plates for 6 days. Enriched mono-
cytes were obtained by incubating the cells on plastic dishes
(Falcon Labware, Oxnard, CA, USA) in RPMI-1640 and 10%
autologous serum for 1 h at 37

 

°

 

C in 5% CO

 

2

 

. Adherent cells
were recovered by washing the Petri dishes with ice-cold
Hanks’s buffered salt solution (HBSS, 

 

×

 

 10 balanced salts)
(Sigma). The proportion of CD14

 

+

 

 monocytes in the adherent
cell population was determined by flow cytometry using mon-
oclonal antibody (mAb) to CD14 and showed 69–76% of
CD14

 

+

 

 cells (ATCC, Rockville, MD, USA). Plastic adherent
cells were removed and then reconstituted at 10% with T cell
fractions as a source of antigen-presenting cells. The non-
adherent cells were separated into T cells and B cells by roset-
ting with sheep red blood cells (SRBC; Becton Dickinson;
Cowley, Oxford, UK) treated with amino-ethylisothiouro-
nium bromide (AET) (Sigma). The rosetted T cells were sep-
arated further by panning with a predetermined optimum
concentration of monoclonal anti-CD4 culture supernatant
fluid [American Type Culture Collection (ATCC), Rockville,
MD, USA, ref. LRL8002] in HBSS and 10% fetal calf serum
(FCS) for 45 min or overnight at 4

 

°

 

C. After washing, 15–20

 

×

 

 10

 

6

 

 cells in 4 ml HBSS, containing 10% FCS were added to
Petri dishes (Falcon Plates, Becton Dickinson) and coated
with affinity purified anti-mouse IgG antibody (Tago Inc.,
Burlingame, CA, USA), at 5 mg/ml in 0·05 

 

M

 

 Tris HCL,
pH 9·5) for 70 min at 4

 

°

 

C. The adherent cells consisted of a
CD4-enriched subset and the non-adherent cells of CD8-
enriched subset of cells. The purity of CD4 and CD8 enriched
populations was determined by flow cytometry. This showed

 

>

 

 95% CD4 T cells (96·6–98·3%), with 3·2–5·2% CD8 T cells
and 

 

>

 

 85% CD8 T cells (85–89%, with 4·7–5·1% contami-
nating CD4 cells). The enriched T cell subsets were reconsti-
tuted with 10% monocytes (plastic adherent cells) and
stimulated with or without antigen for 6 days under standard
conditions. In the final 6 h of culture the cells were pulsed with
[

 

3

 

H]-thymidine (0·5 

 

µ

 

Ci or 18·5 mBq per well; Amersham
International, Amersham, UK). The results were assessed by
calculating the stimulation index (SI), which is the ratio of
antigen-stimulated to antigen-unstimulated cultures [28].

 

Monoclonal antibodies

 

Hybridomas W6/32, Genox 3·53, OKT3, OKT4 and OKT8
were obtained from ATCC (Rockville, MD, USA); isotype

control immunoglobulins for IgG1a was anti-

 

P. gingivalis

 

(MAb PG3B3; obtained from Dr P. Shepherd and Mr J. Crid-
land) or anti-rhesus MHC class II (GM11, obtained from Dr
Jonker, National Institute of Public Health, Bilthoven, the
Netherlands). mAb recognizing microbial and human HSP
were obtained from Stressgen (Canada). Culture superna-
tant fluids obtained using the hybridomas were concen-
trated, purified and then freeze-dried.

 

Inhibition experiments

 

Inhibition of proliferation of PBMC stimulated by human
HSP60 or microbial HSP65 was carried out with mAb to
CD14, TLR-2 and TLR-4 (eBioscience, Middlesex, UK).
The specificity of the HSP-induced lymphoproliferation
was also determined using mAb to human HSP60 and
microbial HSP65. The mAb were added to the cultures at
increasing concentrations of 6·25, 12·5 and 25 

 

µ

 

g/ml.
Isotype control immunoglobulins for IgG1a were anti-

 

P. gingivalis

 

 (mAb PG3B3) or anti-rhesus MHC class II
(GM11). The cultures were then incubated in 5% CO

 

2

 

, at
37

 

°

 

C for 6 days, pulsed and harvested as described for the
proliferation assays [28].

 

Flow cytometry

 

The proportion of CD3, CD4 and CD8 cells was determined
by indirect flow cytometry. The cells were incubated for 30
min at 4

 

°

 

C with mAb OKT3, OKT4 and OKT8 obtained
from ATCC, washed twice with phosphate buffered saline
containing 1% FCS (Sigma) and then incubated with goat
anti-mouse IgG labelled with fluorescein isothiocyanate for
30 min at 4

 

°

 

C. After two washes, the cells were fixed in 1%
formaldehyde. Controls included cells incubated with a sin-
gle layer of second antibody alone and cells alone without
first or second layer. mAb recognizing leucocyte common
antigen (LCA) was used as a positive control. mAb used in
the inhibition assays were also tested by flow cytometry. A
Coulter Epics profile II (Coulter Electronics Ltd, Luton, UK)
was used to analyse the stained cells.

 

Results

 

Proliferative responses of PBMCs stimulated with the 
human HSP60 and mycobacterial HSP65

 

The microbial HSP65 stimulated PBMC in all  groups to
yield a mean (

 

±

 

 s.e.m.) SI of 15·3 

 

±

 

 (1·30) in controls,
16·28 

 

±

 

 (1·58) in patients with P, 21·94 

 

±

 

 (1·73) in CHD-G
and 18·69 

 

±

 

 (1·46) in CHD-P (Fig. 1). Analysis of variance
(

 

anova

 

) showed a significant difference within these four
groups, d.f. 

 

=

 

 3, 

 

F

 

 

 

=

 

 3·75, 

 

P

 

 

 

=

 

 0·015 and using the unpaired 

 

t

 

-
test revealed significant increases in SI only when the CHD-
G group was compared with the controls (

 

P

 

 

 

=

 

 0·008).
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The lymphoproliferative responses stimulated by the
human HSP60 were lower than those obtained with the
microbial HSP65 (Fig. 1). However, the 

 

anova

 

 test showed
more significant differences ( d.f. 

 

=

 

 3, 

 

F

 

 

 

=

 

 7·169, 

 

P

 

 

 

=

 

 0·0002)

within the four groups. The SI was <  2 in all  controls
(mean SI ± s.e.m., 1·0 ± 0·6) compared with P (3·9 ± 0·6,
P = 0·00025), with CHD-G (2·4 ± 0·5, P = 0·0001) and with
CHD-P (4·2 ± 0·6, P = 0·00001). There was no statistical
difference in SI between patients who had P and were
confirmed angiographically negative (n = 9), compared with
those with P who did not undergo angiography (n = 11)
(P = 0·849). These results suggest that autoreactive T cells
recognizing human HSP60 are present in patients with P
and those with CHD irrespective of the presence of P
(Fig. 1).

An unrelated protein control, ovalbumin, was also used to
stimulate PBMC and failed to induce significant lymphop-
roliferation in  any  of  the  four  groups  (control  subjects:
SI, 1·1 ± 0·06; P, 1·1 ± 0·05; CHD-G, 1·1 ± 0·06 and CHD-P,
1·1 ± 0·06).

Excluding any activity due to contamination of HSP with 
lipopolysaccharide (LPS)

In order to exclude the possibility that any residual LPS
might have contributed to the lymphoproliferative responses
to HSP, we treated the HSPs with proteinase K and the cal-
cium chelator (BAPTA-AM). Treatment with proteinase K
(Fig. 2a,b) or BAPTA-AM (Fig. 2c) abrogated the lymphop-
roliferative responses stimulated by either microbial HSP65
or human HSP60 but had no effect on LPS (Escherichia coli
LPS, L2654; Sigma)-stimulated T cell proliferation, making
it unlikely that LPS contamination was responsible for the T
cell proliferative responses.

Proliferative responses of T cells, enriched CD4++++ and 
CD8++++ T cells stimulated with the HSPs

T cells from all subjects responded to the microbial HSP65
(anova F = 0·061, P = 0·979) (Fig. 3a). However, human
HSP60 elicited statistically significant T cell proliferation in
all groups compared with the controls (anova F = 19·643,
P = 0·00001) (Fig. 3a).

Enriched CD4+ and CD8+ T cells from the four groups
were reconstituted with 10% enriched monocytes and
stimulated with the two HSPs. The HSP65 stimulated only
CD4+ T cells from the four groups of subjects (Fig. 3a), and
there was no significant difference between the groups
(F = 1·831, P = 0·174). In contrast, the human HSP60 stim-
ulated significant CD4+ T cells proliferation, consistent with
the findings using unseparated PBMC and T cells (Fig. 3b)
(F = 19·94706, P = 0·00001). Further analysis of the individ-
ual groups of patients with the control group showed
significant increases in T cell  proliferation with the CD4+

T cells; P (P < 0·001), CHD-G (P < 0·001) and CHD-P
(P < 0·001). There was, however, no significant difference
between CHD-G and CHD-P (P = 0·691), or P and CHD-P
(P = 0·915).

Fig. 1. Lymphoproliferative responses of peripheral blood mononuclear 

cells (PBMC) stimulated by microbial heat shock protein (HSP)65 (a) 

and human HSP60 (b) in healthy controls, periodontitis, coronary heart 

disease (CHD)-G and CHD-P. *P < 0·01; **P < 0·001; ***P < 0·0001; 

****P < 0·00001.

(a) Microbial HSP65

(b) Human HSP60
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Inhibition assays

Inhibition of HSP induced proliferation by mAb to ΗLA 
classes I and II to study HLA restriction

HLA restriction of the T cell proliferative responses was
studied by dose-dependent inhibition with mAb to MHC
classes I and II and the corresponding isotype controls in the
three groups of patients (Fig. 4). In all groups, the T cell pro-
liferative responses stimulated by HSP65 (Fig. 4a) or HSP60
(Fig. 4b) was inhibited to SI < 2·5 in a dose-dependent man-
ner with mAb to MHC class II (n = 5), but not with mAb to
MHC class I or the corresponding isotype controls (Fig. 4).

Investigation of HSP receptors by using mAb to CD14, 
TLR-2 and TLR-4

mAb recognizing CD14 inhibited T cell proliferative
responses stimulated by microbial HSP65 or human HSP60
in all groups of patients, confirming that CD14 is a receptor
for both HSPs. HSP65-induced proliferation was inhibited
by anti-TLR4 but not by anti-TLR2 antibodies in periodon-
titis (n = 7; Fig. 5Ai) and CHD group (n = 7; Fig. 5Aii) with
periodontitis (n = 4) or without periodontitis (n = 3). How-
ever, whereas HSP60 stimulated T cell proliferation showed
inhibition with both mAb to TLR2 and TLR4 in periodon-
titis, only mAb to TLR-2 inhibited lymphoproliferation in
patients with CHD (Fig. 5).

In order to confirm the antigen specificity of these
responses, mAb to HSP65 and HSP60 were added to the
HSP65- and HSP60-stimulated cultures, respectively. Lym-
phoproliferation was inhibited in a dose-dependent manner
(Fig. 5).

Discussion

Specific T cell proliferation was stimulated with the human
HSP60 in patients with P, and those without or with CHD.
Some patients with CHD had myocardial infarction 2–
5 years previously, and comparison of these with patients
without previous myocardial infarction showed no differ-
ences in T cell proliferative responses. This is important as
myocardial damage may release HSP into the surrounding
tissues and induce immune responses [29].

The results of the T cell proliferative studies support
enhanced humoral immune responses to HSP reported in P
[14] and CHD [22,30]. However, reduced T cell responses to
human and microbial HSP60/65 were reported in patients
with periodontitis [31]. This is in contrast to the findings by
Yamazaki et al. [15], that a significant increase is found in
human HSP60-specific T cell responses in peripheral blood
as well as cells eluted from periodontal lesions. The T cells,
however, did not respond to P. gingivalis HSP. P. gingivalis is
just one of many potential periodontopathogens which may
be involved in the pathogenesis of P. Recent studies suggest
that there are at least twice as many unculturable bacteria,
whose roles in P are yet to be determined [2]. Mycobacterial
HSP has been shown not only to induce and modulate ath-
erosclerosis in animal models but also has a high degree of
homology between Gram-positive and Gram-negative bac-
teria [3,26,27] For these reasons we sought to investigate
mycobacterial HSP, which has been demonstrated previ-
ously to be a common factor in atherosclerosis and P.
Yamazaki et al. have used HSP from P. gingivalis and found
no skewing of the cytokine responses to Th1 or Th2,
whereas the human HSP did elicit high levels of interferon-
gamma [15].

Fig. 2. T cell proliferative responses to microbial heat shock protein (HSP)65 (a), human HSP60 (b) before (open bars) and after treatment (hatched 

bars) with proteinase K or (c) BAPTA-AM and compared with lipopolysaccharide (LPS) before (grey bars) and after (hatched bars) treatment with 

proteinase K.
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None the less, the results are consistent with a HSP60/65
cross-reactive pathogenesis between human and microbial
HSP. Any cross-reactive epitope remains to be mapped. It is
noteworthy that cross-reactivity between HSP65 and human
oral mucosa was demonstrated [32]. The T cell proliferative
responses to microbial HSP65 in all four groups were rather
high (mean SI > 15), so it is unlikely that an increase in pro-
liferation from 15·3 ± 1·30 in controls to 21·94 ± (1·73) in

CHD-G is of pathogenic significance, although this differ-
ence was statistically significant.

The T cell subset was then determined with mAb to CD4
and CD8, which showed clearly that only the CD4 subset of
T cells responds to stimulation with both the microbial
65 kDa and human HSP60. Inhibition studies with mono-
clonal antibodies to HLA classes I and II antigens showed
that anti-HLA class II antibodies inhibited HSP-induced T
cell proliferation in a dose-dependent way in all responding
groups, and is consistent with class II restriction of the
HSP65/HSP60 responses [15,33]. Altogether these results
confirmed that CD4+ HLA class II-restricted T cells respond
to HSP60 and HSP65.

It should to be emphasized that in this investigation we
excluded smokers, as smoking is a well-known risk factor in
periodontitis as well as in CHD [34]. We have also excluded
non-Caucasian subjects. The possibility that contamination
of the HSP preparation with LPS may affect the immune
response was excluded by means of polymixin and the detox-
ified HSP showed < 0·007 U LPS/pg of HSP. In the prolifer-
ation assays, the lowest concentration of LPS used was
0·01 µg/ml (that is more than 100× greater than the LPS con-
taminating the detoxified HSPs), and yet this concentration
failed to induce significant T cell proliferation. Treatment of
the HSPs with proteinase K showed that T cell proliferation
was abrogated, unlike similar treatment of LPS. The calcium
chelating agent (BAPTA-AM) was then used, as HSP
responses are calcium-dependent, and this resulted in inhi-
bition of the HSP-stimulated response but not that stimu-
lated by LPS [35,36].

The CD14, TLR2 and TLR4 receptors were then explored
as these have been implicated in interactions with HSPs.
Antibodies to CD14 inhibited both human HSP60 and
mycobacterial HSP65-stimulated cultures, confirming that
CD14 is a receptor for the HSP, as has been reported
previously [37]. CD14 is also a high-affinity receptor for bac-
terial LPS sharing signalling pathways with HSP [38–40].
Further inhibition studies showed that T cells stimulated
with microbial HSP65 are inhibited with anti-TLR4 in
patients with P and CHD with or without P. This is consis-
tent with other reports that TLR4 is a receptor for HSP65
[41–43]. However, treatment with anti-TLR4 of the human
HSP60-stimulated T cells showed a dose-dependent inhibi-
tion in patients with P but not those with CHD. This dis-
crepancy is difficult, at present, to account for, as TLR4 has
been reported to mediate human HSP60 signalling [43].
Treatment with anti-TLR-2 of the human HSP60-stimulated
cultures showed dose-dependent inhibition of T cell prolif-
eration in both P and CHD, suggesting that TLR-2 is another
receptor for human HSP60. Thus, the discrepancy in inhibi-
tion with anti-TLR-4 raises the possibility that there is a
difference in TLR function in periodontitis and CHD and
this point requires further studies.

There is evidence that both TLR-2 and TLR-4 might be
involved in the recognition of human and microbial HSP.

Fig. 3. Mean (± s.e.m.) stimulation indices of T cells (grey bars), 

enriched CD4 (open bars) and CD8 (cross-hatched bars) T cells stimu-

lated with microbial heat shock protein (HSP)65 (a), human HSP60 (b), 

cells in healthy controls (n = 6), chronic periodontitis (P, n = 6) and 

coronary heart disease with gingivitis [coronary heart disease (CHD)-

G, n = 6] or coronary heart disease with periodontitis (CHD-P, n = 6); 

*P < 0·001.
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Thus, whereas a HSP-unresponsive human fibroblast cell
line transfected with TLR-4 alone was not sufficient to confer
HSP responsiveness, TLR-4 with accessory molecule MD-2
conferred responsiveness to both human and chlamydial
HSP60 [44]. TLR-2 and TLR-4 are influenced by other TLR
which are able to form heterocomplexes [45]. TLR-4 has
been detected in macrophages and endothelial cells of ath-
erosclerotic plaques [41,42,46]. Indeed, TLR-4 may function
as a receptor in both infection and arterial injury to induce
inflammation in atherosclerosis, as TLR4 can also bind LPS
and fibronectin [42]. Our results suggest that human HSP60
is recognized by TLR-2 and TLR-4 in P and only TLR-2 in
CHD. It is possible that TLR-2 forms heterocomplexes with
TLR-4 or other TLRs so as to enhance HSP recognition.

As both P and CHD exhibit significant increases in CD4+

HLA-restricted T cell responses to human HSP60, the

possibility needs to be explored that they may share a com-
mon immune response to HSP60, elicited either by a cross-
reacting response to homologous epitopes within microbial
HSP65 [4] or through the release of constitutive HSP60 from
inflammatory cells as a result of tissue damage [15,47]. The
important question of whether P may contribute to the
pathogenesis of CHD cannot be excluded in view of the cir-
culating CD4+ T cells primed to HSP60 in P and CHD. Fur-
ther studies are required to determine the stimulatory
epitopes within HSP60, as has been demonstrated in recur-
rent aphthous stomatitis [7] and Behçet’s disease [28].
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Fig. 4. Inhibition of T cell proliferation with 

monoclonal antibody (mAb) to human leuco-

cyte antigen (HLA) class I, HLA class II or iso-

type controls of peripheral blood mononuclear 

cells (PBMC) stimulated with microbial heat 

shock protein (HSP)65 (a), human HSP60 (b) in 

five patients each with periodontitis (i), coronary 

heart disease (CHD)-G (ii) and CHD-P (iii).
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