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Summary

 

Heat shock proteins (HSP) are released by cells in response to stress signals. It
is hypothesized that pathogenic bacteria stimulate the cells in the periodon-
tium to up-regulate the expression of HSP60, which would stimulate mac-
rophages, and possibly other cells, to produce proinflammatory cytokines. We
sought to determine whether oral keratinocytes responded to recombinant
human HSP60 and to identify the signalling pathways involved. In addition,
whether oral keratinocytes are a source of endogenous HSP60 was also inves-
tigated. RT-PCR revealed that rhHSP60 induced expression of the IL-1bbbb

 

 gene
in the Human Oral Keratinocyte (HOK-16B) cell line and it was highest at the
lowest concentration used (0·1 mmmm

 

g/ml). These responses were mediated via
activation of p44/42 MAP-kinases and to a lesser extend the MAP-kinase SAP/
JNK. Similar data was obtained from analysis of intracellular signalling path-
ways in HOK-16B cells by rhHSP70 and LPS (from both 

 

E. coli

 

 and the oral
pathogen 

 

Porphyromonas gingivalis

 

). However, there was little activation of
p38 by rhHSP60. Blocking of the p44/42 pathway decreased HSP60-induced
IL-1bbbb

 

 gene expression and protein secretion. In addition, we discovered that
self-HSP60 proteins were constitutively secreted by HOK-16B cells. Secretion
of self-HSP60 was up-regulated in cells treated with LPS from 

 

P

 

. 

 

gingivalis

 

,
but down-regulated with LPS from 

 

E. coli

 

. To summarize, oral keratinocytes
respond to exogenous HSP60 by triggering expression of the inflammatory
cytokine IL-1bbbb

 

 through activation of p44/42 MAP kinase. Oral keratinocytes
are also a source for self-HSP60 and the secretion of this protein may be dif-
ferentially modified by LPS from different bacterial species. These results
highlight the importance of oral keratinocytes and HSPs in the development
of an immune response against bacterial infection.
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Introduction

 

The gingiva is constantly being challenged by bacteria within
the oral environment. It is increasingly appreciated that epi-
thelial tissues such as the gingival epithelia are not merely
passive barriers to infection but have a proactive role in
immune responses and the development of localized inflam-
matory conditions such as periodontitis [1–3]. The kerati-
nocyte is the main cell type in gingival epithelial tissues.
Histological studies reveal that oral keratinocytes express a
variety of pro-inflammatory cytokines and chemokines
including interleukin (IL)-1

 

a

 

, IL-1

 

b

 

, IL-6, IL-8 and tumour
necrosis factor (TNF)-

 

a

 

 [3–8].

HSPs are a highly conserved group of proteins found in a
wide variety of organisms from bacteria to mammalian spe-
cies. HSPs are abundant within cells and their levels increase
rapidly in response to stress signals and local infection [9].
The main function of HSPs is to act as chaperones, thus help-
ing protein folding, protecting proteins from denaturation
or aggregation, and facilitating protein transport through
membrane channels [10]. It is now widely accepted that
HSPs have a direct role both in the adaptive and the innate
immune responses [11]. HSPs were originally found to bind
tumour-specific peptides and mediate antigen-specific
tumour immunity [12] and also bind a range of virus and
bacteria-specific antigens inducing activation of CD8
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 and
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CD4

 

+

 

 T-cells, respectively [11,13,14]. HSPs are also capable
of eliciting innate immune responses in a variety of target
cells including monocytes, macrophages, dendritic cells and
endothelial cells in a peptide-independent manner [15].
Thus HSP60 stimulates pro-inflammatory cytokine produc-
tion in macrophages, endothelial cells and smooth muscle
cells [16–19] and adhesion molecule expression (E-selectin,
ICAM-1 and VAM-1) in vascular endothelial cells [20].

Immune responses to bacterial HSPs may generate cross-
reacting immunity to self-HSP and precipitate damaging
inflammatory responses [21,22]. However, in contrast to
human HSP60, HSPs from the periodontal pathogens 

 

Por-
phyromonas gingivalis

 

 and 

 

Actinobacillus actinomycetemcom-
itans

 

 failed to stimulate TNF-

 

a

 

 production in monocytes
suggesting that endogenous rather than bacterial HSPs are
more likely to be involved in signalling innate responses in
periodontal disease [23]. Significantly, immunohistochemi-
cal analysis showed high HSP60 expression in periodontitis
lesions [23,24]. It has recently been demonstrated that
human HSP60 protect keratinocytes from stress-induced cell
death and stimulates keratinocyte migration [25,26]. These
findings may be relevant to epithelial cell changes and tissue
repair during chronic inflammatory conditions such as peri-
odontal disease where HSPs may be released by local cells
[25]. However, there is a paucity of information about the
direct effect of endogenous HSPs on keratinocyte immune
responses.

In the present study we sought to investigate how oral
keratinocytes respond to recombinant human (rh) HSP60
identifying possible signalling pathways and to determine
whether oral keratinocytes might be a source of HSP60. We
demonstrate that self-HSP60 is involved in the regulation of
expression of inflammatory cytokines in HOK-16B cells via
activation of p44/42 MAP kinases and that secretion of self-
HSP60 is highly increased by LPS from 

 

P. gingivalis

 

. Results
from this study suggest that HSP60 plays an important role
in the development of an immune response against bacterial
infection in oral keratinocytes.

 

Materials and methods

 

Cell culture

 

The immortalized human oral keratinocyte HOK-16B cell
line [22] was cultured at 37

 

∞

 

C, 5% CO

 

2

 

 in the serum free
medium KBM® (Cambrex, Wokingham, UK) supplemented
with 0·1 ng/ml EGF, 5 

 

m

 

g/ml insulin, 30 

 

m

 

g/ml bovine pitu-
itary extract, 0·5 

 

m

 

g/ml hydrocortisone, 50 

 

m

 

g/ml gentami-
cin, 50 

 

m

 

g/ml amphoterecin (BulletKit®, Cambrex). In all
experiments cell passages from 4 to 10 were used. Twenty-
four hours after seeding the cells the medium was changed to
remove any molecules secreted during cell adhesion. When
cultures reached 80% confluence the medium was removed
and cells were incubated in KBM without supplements for a
further 24 h before adding treatment.

 

Analysis of cell signalling pathways

 

The concentration of rhHSP60 (Stressgen Biotechnologies,
Bioquote Ltd, York, UK) which gave maximal IL-1

 

b

 

 stimu-
lation was determined in pilot experiments (not shown).
Thus triplicate cultures of HOK-16B cells in 6-well plates
were exposed to 0·1 

 

m

 

g/ml rhHSP60 for 5, 10, 20, 30 and
60 min. Parallel cultures containing 0·1 

 

m

 

g/ml rhHSP70
(Stressgen), 10 

 

m

 

g/ml 

 

E. coli

 

 LPS (Strain O126:B8, Sigma)
and 10 

 

m

 

g/ml 

 

P, gingivalis

 

 LPS (strain W50) were also set up.
In some experiments HOK cells were preincubated for 2 h
with 10 

 

m

 

M of UO126 (MEK1/2 inhibitor, Cell Signalling
Technologies, Hitchin, UK) to block activation of the MAP
kinase p44/42 (ERK1/2) signalling pathway. After the incu-
bation period the cell layer was washed with PBS and lysed
with 200 

 

m

 

l 1xSDS sample buffer (0·5 M Tris-HCl, glycerol,
10% SDS, beta-mercaptoethanol, 0·05% (w/v) bromophenol
blue) and 20 

 

m

 

l of proteinase inhibitor cocktail (Sigma,
Poole, UK). Intracellular proteins were separated by SDS-
PAGE in 10% gels and activation of signalling pathways
determined by Western blotting.

 

Analysis of intracellular and secreted HSP60 protein

 

HOK-16B cells at 80% confluence were incubated in 6-well
plates and treated for 18 h with PBS or with 10 

 

m

 

g/ml 

 

E. coli

 

LPS or 10 

 

m

 

g/ml 

 

P. gingivalis

 

 LPS. After the incubation period
the supernatants were collected, centrifuged at 600 

 

g

 

 for
5 min to discard any cells that detached during the incuba-
tion period. Equal volumes of the cell supernatants were con-
centrated by using Microcon centrifugal filter devices (30 kD
cut off, Amicon Bioseparations, Millipore, Watford, UK).
The entire concentrated sample from each culture superna-
tant was used to detect secreted HSP60. To extract intracel-
lular HSPs, the cell layer was washed with PBS and lysed with
1

 

¥

 

SDS-sample buffer. prior to analysis by Western blotting
(see below). Intracellular and secreted HSP60 were analysed
by SDS-Page using 7% gels followed by Western blotting.

 

Western blotting

 

Samples were heated at 95

 

∞

 

C for 5min, separated by SDS-
PAGE and transferred to a nitrocellulose membrane (Optit-
ran BA-S83, Schleicher & Schuell, London, UK) using a
semidry electro-blotter (BDH, NELS, Newton Aycliffe, UK).
A prestained protein marker (Bio-Rad, Hemel Hempstead,
UK) was used to monitor the molecular weight of separated
proteins. Ponceau’s staining was performed to assess the
quality of the transfer and to confirm equal protein loading.
The  membrane  was  blocked  for  1 h  at  room  temperature
in TBS-T (137 mM NaCl, 2·7 mM KCl, 25 mM Tris-HCl
pH 7·4, 0·1% Tween20) containing 5% w/v of dried
skimmed milk (TBS-TM).

To analyse intracellular signalling pathways, the mem-
branes containing blotted cell lysates were incubated over-
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night with primary antibodies against the phosphorylated
forms of p44/42 (ERK1/2), SAPK/JNK and p38 MAP kinases
and against the nonphosphorylated form of p44/42 (Cell
Signalling Technologies) at 1 : 1000 dilution and mouse
monoclonal antiactin antibodies (Oncogene Research Prod-
ucts, Nottingham, UK) used as a loading control, followed
by secondary antibody diluted 1 : 2000 in TBS-TM.

To detect human HSP60 a mouse monoclonal antihuman
HSP60 (Stressgen Biotechnologies) and mouse monoclonal
antiactin (Oncogene Research Products) were used at a
1 : 1000 dilution. (HRP)-linked antimouse IgG (Cell Signal-
ling Technologies) was used as a secondary antibody at a
1 : 2000 dilution.

Hybridizing proteins were detected using an ECL reaction
which was performed following the manufacturer’s instruc-
tions (ECL 

 

+

 

 plus Western blotting detection system, Amer-
sham-Pharmacia Biotech, UK) and blots were developed by
exposure to X-ray film (Super Rx Medical X-ray film, Fujif-
ilm, London, UK).

 

IL-1bbbb

 

 RT-PCR

 

HOK-16B cells at 80% confluence were treated in triplicates
with 0·1 

 

m

 

g/ml rhHSP60 for 4 h in 24-well plates. Similar
cultures containing 0·1 

 

m

 

g/ml rhHSP70, 10 

 

m

 

g/ml 

 

E. coli

 

 LPS
and 10 

 

m

 

g/ml 

 

P. gingivalis

 

 LPS were also included. Cultures
containing PBS only were included as a control. A standard
reverse transcription PCR (RT-PCR) was used to determine
the levels of IL-1

 

b

 

 RNA in the cultured cells. Briefly, the RNA
was extracted using an RNA extraction kit (Qiagen, Crawley,
UK). 1 

 

m

 

g of RNA was reverse transcribed to cDNA using a
TaqMan® RT-PCR kit (Applied Biosystems, Warrington,
UK) and 1 

 

m

 

l of cDNA used as template for PCR (Reddy-
mix

 

TM

 

 PCR Master Mix, 1·5 mM MgCl

 

2

 

, ABgene, Surrey,
UK) to amplify fragments of the IL-1

 

b

 

 gene. IL-1

 

b

 

 gene
expression was expressed as a ratio of GAPDH gene expres-
sion determined simultaneously. Preliminary experiments
varying PCR cycle number were carried out to determine the
exponential phase for each reaction and according to this 18
and 25 cycles were used for GAPDH and IL-1

 

b

 

, respectively.
Primers were designed using the web-based program
Primer3 and obtained from Helena Biosciences (Sunderland,
UK). Their sequences were as follows: IL-1

 

b

 

F 5

 

¢

 

-gcaccttctttc
ccttcatc-3

 

¢

 

,  IL-1

 

b

 

R  5

 

¢

 

-cgcttttccatcttcttctttg-3

 

¢

 

,  GAPDHF
5

 

¢

 

-atctctgccccctctgct-3

 

¢

 

, GAPDHR 5

 

¢

 

-cctgcttcaccaccttcttg-3

 

¢

 

and the expected sizes were 370 and 433 bp, respectively.
PCR products were separated on a 0·8% agarose gel and
visualized under the UV light. The intensity of the bands was
quantified using Kodak 1D v3·5.2 Scientific Imaging System
(Anachem).

 

IL-1bbbb

 

 expression and protein secretion

 

This was followed by treatment with 0·1 

 

m

 

g/ml of rhHSP60
for 4 h for RT-PCR studies (see IL-1

 

b

 

 RT-PCR) and for 6, 24

and 48 h for quantification of protein secretion. Cell super-
natants were collected and IL-1

 

b

 

 protein concentration was
measured with DuoSet ELISA following manufacturer’s
instructions (R & D Systems, Abingdon, UK). Treatments
were performed in triplicates.

 

Cell proliferation assays

 

10

 

3

 

 cells per well were incubated in 96-well plates with
0·1 

 

m

 

g/ml of rhHSP60, 0·1 

 

m

 

g/ml rhHSP70, 10 

 

m

 

g/ml 

 

E. coli

 

LPS, 10 

 

m

 

g/ml 

 

P. gingivalis

 

 LPS or PBS. After various incu-
bation periods, the cell supernatant was removed and the
plates with the cell layer still attached were stored at 

 

-

 

80

 

∞

 

C.
The number of cells in each well was determined using the
CyQuant® Cell Proliferation Assay kit (Molecular Probes,
Cambridge Bioscience, Cambridge, UK). The fluorescent
CyQuant GR dye binds to cellular nucleic acid directly
measuring the number of cells rather than proliferation.
Treatments were performed in triplicates.

 

Measurement of endotoxin levels

 

The levels of endotoxin in the commercial stocks of rhHSP60
and 

 

E. coli

 

 LPS was measured using the Limulus Amebocyte
Lysate Pyrogent®5000 (Cambrex).

 

Statistics

 

Data were analysed using Student’s 

 

t

 

-test (two-tailed) and a

 

P

 

-value of < 0·05 considered statistically significant.

Results

Analysis of cell signalling pathways activated by HSP60

The levels of endotoxin present in 0·1 mg/ml solutions of
rhHSP60 and rhHSP70 were negligible (0·0056 IU/ml and
0·0087 IU/ml, respectively), whereas the 10 mg/ml solutions
of E. coli and P. gingivalis LPS contained 1042 and 2744 IU/
ml, respectively. This confirms that the effects observed
when cells were treated with rhHSP60 and rhHSP70 were
unlikely to be the result of endotoxin contamination.

HOK-16B cells were incubated with 0·1 mg/ml rhHSP60
for 5, 10, 20, 30 and 60 min to assess the activation of known
intracellular signalling pathways. Western blots were per-
formed against the phosphorylated (active) forms of the
MAP kinases p38, p44/42 (ERK1/2), SAPK/JNK, the non-
phosphorylated p44/42 (ERK1/2) and actin. There was a
basal level of phosphorylated SAPK/JNK present in control
cells which increased after 5 and 10mins of treatment with
rhHSP60. Levels of the phosphorylated form of p38 were not
influenced by coincubation of HOK-16B cells with rhHSP60
(Fig. 1). There was a remarkable increase in activated p44/42
(ERK1/2) which peaked after 5–10min of incubation with
rhHSP60. The levels of the control proteins (nonphospho-
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rylated p44/42 and actin) remained constant over the full
time course of exposure to rhHSP60 (Fig. 1). A similar pat-
tern of activation was observed in cells treated with rhHSP70
although phosphorylated SAPK/JNK was not detected until
after 10 min in these cultures. Co-incubation of HOK cells
with both E. coli and P. gingivalis LPS produced pattern of
activation of intracellular signalling pathways distinct from
that elicited by rhHSP60 (Fig. 1). Thus, although both phos-
phorylated p44/42 (ERK1/2) and SAPK/JNK were also
detected, phosphorylated p38 was detected in LPS stimu-
lated cells but not in cells incubated with rhHSP60 (Fig. 1).

Effects of rhHSP60 on IL-1bbbb mRNA and protein 
expression

Unstimulated HOK-16B cells expressed IL-1b mRNA and
this was significantly up-regulated by coincubation with
0·1 mg/ml rhHSP60 (Fig. 2). When activation of p44/42 was
inhibited by pretreating HOK-16B cells with the MEK1/2
inhibitor U0126 prior to HSP60 treatment baseline and
rhHSP60 stimulated IL-1b mRNA were both decreased
(Fig. 2). Similar effects were observed in HOK cells stimu-
lated with E. coli LPS (Fig. 2).

Similarly,  HSP60  induced  secretion  of  IL-1b  protein
and this was also reduced by pretreating cells with U0126
(Fig. 3). Western blotting of cell lysates from HSP60-treated
cells, incubated in the presence and absence of U0126 con-
firmed the complete inhibition of p44/42 activation by this
reagent (Fig. 3).

Cell proliferation rhHSP60 (0·1 mg/ml) had no statistically
significant effect on the proliferation of HOK-16B cells com-
pared to PBS controls over the 10 days the treatment lasted
(Fig. 4). Furthermore, the growth characteristics of HOK-

16B cells were also unaffected by 0·1 mg/ml rhHSP70, 10 mg/
ml E. coli LPS and 10 mg/ml P. gingivalis LPS (Fig. 4). The
growth characteristics of HOK-16B cells were unaffected by
the presence of the MEK1/2 inhibitor U0126 indicating that
this reagent is not cytotoxic at the concentrations used to
inhibit MEK1/2 signalling (Fig. 3).

Intracellular and secreted HSP60 in HOK-16B cells

The intracellular and secreted levels of self-HSP60 were stud-
ied in HOK-16B cells after 18 h incubation with LPS from E.
coli or from P. gingivalis. Western blots revealed that there
was constitutive expression of intracellular HSP60 in
untreated cells and this remained unchanged in cells exposed
to either E. coli or P. gingivalis LPS (Fig. 5).

HOK-16B cells were also found to secrete HSP60 into the
culture medium. However, treatment with LPS from E. coli
induced a down-regulation in HSP60 protein secretion
whereas LPS from P. gingivalis induced up-regulation of
HSP60 secretion (Fig. 5).

Discussion

This study describes the initiation of an inflammatory
response in the oral keratinocyte cell line HOK-16B trig-
gered by rhHSP60. Furthermore, HOK-16B themselves are a
source of HSP60 which may act in an autocrine or paracrine
manner to regulate local inflammatory responses.

RhHSP60-induced activation of MAP-kinase signalling
pathways in oral keratinocytes were investigated. Little or no
activation was observed for SAPK/JNK or the p38 MAP-
kinase pathways. However, strong activation of the p44/42
MAP-kinase pathway was observed after only 5min of treat-

Fig. 1. Western blots of the phosphorylated form of SAPK/JNK (P- SAPK/JNK), phosphorylated p38 (P-p38) and phosphorylated p44/42 (P-p44/42) 

and nonphosphorylated p44/42 (p44/42) and actin after treatment of HOK-16B cells with 0·1 mg/ml of rhHSP60, 0·1 mg/ml rhHSP70, 10 mg/ml E. coli 

LPS and 10 mg/ml P, gingivalis LPS for 0, 5, 10, 20, 30 or 60 min.

Incubation (mins) 0   5 10  20  30 60 0  5 10  20  30 60 0  5 10  20  30 60 0   5 10 20  30 60

Phospho SAPK/JNK 

PhosphoP38 

PhosphoP44/42 

P44/42

Actin 

HSP60 HSP70 E.coli LPS P. ging. LPS
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ment with rhHSP60 which then returned to control levels
after 20min. Studies in the human skin keratinocyte cell line
HaCaT revealed that whereas these cells respond to A. acti-
nomycetemcomitans HSP60 by activation of the p44/42
(ERK1/2) and p38 MAPK signalling pathways these effects
were not observed when rhHSP60 was used in this system
[27]. The reasons for these differences are not clear. It is pos-
sible that keratinocytes from the oral epithelium and the skin
may respond differently to rhHSP60 or that these findings
reflect unique properties of the cell lines themselves. Clearly
there is a need for further research involving primary cell
lines derived from these tissues.

Treatment of HOK-16B cells with rhHSP60 also resulted
in increased gene expression of the inflammatory cytokine
IL-1b and increased IL-1b protein secretion. Pre-incubation
with U0126 to inhibit p44/42 activation [28] resulted in a
decrease in IL-1b gene and protein expression. This indicates
that HSP60-induced IL-1b expression is stimulated via p44/
42 activation. This suggests that keratinocytes in oral epithe-
lial tissues are responsive to local extra-cellular stress signals

and provides further evidence to support the principle that
oral epithelial cells are active participants in host immune
responses. To our knowledge there have been no other
reported studies of the effects of human HSPs on oral kera-
tinocytes. HSP60, HSP70 and LPS failed to activate NF-kB in
human keratinocytes isolated from neonatal skin [29].

The interpretation of experiments involving recombinant
proteins produced in bacteria, such as HSPs, may be con-
founded by the possible biological effect of LPS contamina-
tion of these preparations or by LPS bound to HSPs acting as
molecular chaperones [30]. However we demonstrated that
the amount of endotoxin, as measured by Limulus assay, in
biologically active solutions of rhHSPs was of the order of
2000-fold lower than biologically active solutions of E. coli
LPS in this particular cell line indicating that the effects of
rhHSPs on HOK-16B cells observed in our experiments were
not the result of LPS in the HSP preparations. Furthermore,
there were differences in the pattern of activation of intrac-
ellular signalling pathways in HOK 16B cells by LPS and
rhHSP60 in our experiments.

Fig. 2. IL-1b mRNA expression in HOK-16B cells incubated with 0·1 mg/ml rhHSP60, 0·1 mg/ml rhHSP70, 10 mg/ml E. coli LPS and 10 mg/ml P. 

gingivalis LPS for 4 h in the absence (�) or presence (�) of MEK1/2 inhibitor U0126 (10 mM). (a) Gel electrophoresis. A, B, C are triplicate 

experiments. (b) Densitometric analysis of results. Values are means ± SD, n = 3. *P < 0·05, **P < 0·01 compared to PBS.
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It is possible that some of the biochemical changes in the
HOK-16B cultures could be explained by an indirect effect of
the various treatments on cell division. To address this we
tested rhHSP60 for its ability to induce cell proliferation. At
the concentration used (0·1 mg/ml) rhHSP60 treatment and
controls showed no difference in cell number over time when
compared to control cells. This is consistent with previous
findings demonstrating the lack of proliferative effect of
exogenous human HSP on various endothelial and epithelial
cell lines [27,31]. These findings also confirm this agent is
not cytotoxic.

HSPs are released from a number of cell types and are
present in significant concentrations in the circulation of
healthy individuals and increase in certain vascular diseases
[32]. The sources of extracellular HSPs in stress responses
and infections and their mechanism of secretion remain
unclear [11,32]. It is possible that cells will actively export
HSPs in stress responses. We have presented data which sug-
gest that oral keratinocytes secrete HSPs in culture and that
the secretion of self-HSP60 is influenced by LPS from both P.

gingivalis and E. coli. Thus, secretion of self-HSP60 was par-
tially inhibited by LPS from E. coli but was increased by LPS
from P. gingivalis. These responses may reflect a degree of
difference in the response of oral keratinocytes to oral patho-
gens (e.g. P. gingivalis) or enteric bacteria (e.g. E. coli) and
may also relate to the different molecular composition of
both types of LPS [33]. Both types of LPS activate dendritic
cells and macrophages to produce different cytokines and
induce different types of adaptive immunity in vivo [34,35].

An alternative explanation for the appearance of HSPs in
the culture medium is that they represent the release of cyto-
plasmic contents from dead and dying cells [36]. The cells
cultured in the present experiments were actively dividing
and the treatments which influenced HSP in the medium did
not influence cell division. There was no morphological evi-

Fig. 3. (a) Analysis of IL-1b protein secretion in HOK-16B cells incu-

bated with rhHSP60 (0·1 mg/ml) for 6, 24 and 48 h in the absence (�) 

or presence (�) of MEK1/2 inhibitor U0126 (10 mM) or with U0126 

alone (D). Values are means ± SD, n = 3. *P < 0·05 compared to U0126 

treatment. (b) Representative Western blot of the phosphorylated form 

of p44/42 (P-p44/42) in lysates from HOK-16B cells treated for 10min 

with HSP60 (0·1 mg/ml) in the absence (1) or presence (2) of MEK1/2 

inhibitor U0126. Ponceau’s staining was performed to assess the quality 

of the transfer and to confirm equal protein loading.
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dence of cell death in these cultures. Furthermore, the find-
ing that E. coli LPS down-regulated HSP secretion from
HOK-16B cells is consistent with HSP secretion being the
result of an active biological effect rather than a coincidental
finding associated with cell death. This is supported by stud-
ies using amino acid analogues suggesting that specific
mechanisms exist for HSP secretion [37].

We have demonstrated that one potential target for
HSP60 is the oral keratinocytes themselves and that this
may lead to the up-regulation of pro-inflammatory cytok-
ines. This may be an important initiating event in gingivitis
and periodontitis, however, there are other cells in the prox-
imity which may respond to HSPs as part of the host’s
response to subgingival plaque bacteria. There is accumulat-
ing evidence that HSPs may have a wide-ranging role in the
regulation of acquired immunity over and above any role in
early signalling of proinflammatory pathways [11,38]. Sig-
nificantly, another heat shock protein, HSP70 has been
shown to promote the differentiation of immature dendritic
cells and has other direct immunoregulatory effects includ-
ing promoting the accumulation of T-cells, macrophages
and dendritic cells into the microenvironment of tumour
cells expressing HSP70 [13,39,40]. It is noteworthy that den-
dritic cells are present in the gingival tissues and are acti-
vated in periodontal diseases [41]. It is tempting to suggest
that HSPs may therefore contribute to local immunoregula-
tory circuits in the periodontium and that this process may
be relevant to the pathogenesis of periodontal disease. It
would be of great interest to investigate the effect of these
mediators on dendritic cell maturation and function in the
periodontium.

In summary, oral keratinocytes may play a role in the
development of the immune response in the gingiva. They
respond to LPS from oral pathogens by increasing the
secretion of self-HSP60 which may in turn affect other
keratinocytes or other cell types in the surrounding area.
Exogenous HSP60 is capable of initiating an inflammatory
response in oral keratinocytes by increasing the expression of
pro-inflammatory cytokines such as IL-1b. Further work
needs to be done looking at the effect of HSP60 in different
oral keratinocyte cell lines or even primary keratinocytes.
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