
Summary. Although T cells have been implicated in the
pathogenesis and are considered to be central both in
progression and control of the chronic inflammatory
periodontal diseases, the precise contribution of T cells
to the regulation of tissue destruction has not been fully
elucidated. Current dogma suggests that immunity to
infection is controlled by distinct T helper 1 (Th1) and T
helper 2 (Th2) subsets of T cells classified on the basis
of their cytokine profile. Further, a subset of T cells with
immunosuppressive function and cytokine profile
distinct from Th1 or Th2 has been described and
designated as regulatory T cells. Although these
regulatory T cells have been considered to maintain self-
tolerance resulting in the suppression of auto-immune
responses, recent data suggest that these cells may also
play a role in preventing infection-induced
immunopathology. In this review, the role of functional
and regulatory T cells in chronic inflammatory
periodontal diseases will be summarized. This should
not only provide an insight into the relationship between
the immune response to periodontopathic bacteria and
disease but should also highlight areas of development
for potentially new therapeutic modalities. 
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Introduction

Chronic inflammatory periodontal disease can be
classified into at least two distinct entities based on
immunohistological findings. One is dominated by T
cells and clinically corresponds to gingivitis. The other
is the B-cell/plasma cell lesion which is seen in chronic
periodontitis. Although most children with deciduous
teeth suffer from gingivitis, their periodontal ligament

and alveolar bone are usually intact. In adults,
irrespective of their age, gingivitis also develops soon
after abstention from oral hygiene procedures (Fransson
et al., 1996), but not all gingivitis lesions proceed to
periodontitis.

Chronic periodontitis is a destructive disease that
affects the supporting structures of the teeth including
periodontal ligament, cementum, and alveolar bone.
Some forms of periodontitis are extremely destructive
and patients will lose multiple teeth if left untreated
(Hirschfeld and Wasserman, 1978). The process of
periodontal tissue destruction is considered to be as a
result of repeated bursts of activity followed by
subsequent silent stable periods within a relatively short
time frame (Socransky et al., 1984). Some patients may
encounter these bursts of disease activity often while
others do not. Because of the predominant lymphocytic
infiltration in the periodontitis lesion (Seymour et al.,
1979), much effort has been put into elucidating the
relationship between lymphocyte function and disease
activity as well as in identifying patient susceptibility.
Elucidating such mechanisms may facilitate further
understanding of the pathogenesis and in so doing help
to develop new therapeutic modalities for chronic
inflammatory periodontal diseases.
Cytokine profile of T cells in the gingivitis and
periodontitis lesions

In 1986, Mosmann et al. first demonstrated that
mouse T cell clones can be classified into distinct
functional subsets based on their cytokine profile; these
were called T helper 1 (Th1) and T helper 2 (Th2)
(Mosmann et al., 1986). Since the type of immune
response, namely cell-mediated immunity and humoral
immunity was determined by Th1 and Th2 cells
respectively, it became clear that the response to
infection could also be determined by these functional T-
cell subsets. 

Over the last decade, a number of theories have been
postulated to explain the progression of gingivitis to
periodontitis in the context of the Th1/Th2 paradigm.
There are only a few reports concerning the cytokine
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profile in gingivitis. Our previous study using cryostat
sections of gingivitis tissues showed that both Th1 and
Th2 cells existed in gingivitis lesions although their
frequencies were significantly lower than those in
periodontitis lesions (Yamazaki et al., 1995). There was
little difference between gingivitis and periodontitis in
the expression of phenotypic markers such as IL-2R,
HLA-DR or CD45 isoforms by the infiltrating T cells.
(Seymour et al., 1988; Takeuchi et al., 1991; Yamazaki
et al., 1993). Since the full activation of T cells require
engagement of costimulatory molecules in addition to
TCR/CD3 complex and as there are positive and
negative costimulatory signals (Grewal and Flavell,
1996; Lenschow et al., 1996), the difference in the
cytokine profile between two diseases may be reflected
by the differential expression of costimulatory
molecules. Alternatively, possible specific inhibitory
mechanisms may be operating in the gingivitis lesion. In
fact, T-cell lines specific to the periodontopathic
bacterium Porphyromonas gingivalis (P. gingivalis)
established from peripheral blood of subjects with
gingivitis and periodontitis demonstrated no significant
difference in the proportion of IFN-γ-, IL-4- and IL-10-
positive cells upon activation (Gemmell et al., 1999,
2002a).

On the other hand, there are many but inconsistent
reports on the cytokine profile of T cells in periodontitis.
Investigators have not only employed several different
methods in these studies but have also analyzed different
molecules, such as mRNA and proteins. Whereas IFN-γ
is reported to be the predominant cytokine in
periodontitis tissue by mRNA analysis (Fujihashi et al.,
1996; Okada et al., 1996; Takeichi et al., 2000), we and
others have shown that IL-4 and IL-6 are predominant at
the protein level (Manhart et al., 1994; Yamazaki et al.,
1994, 1995). Increased expression of IL-6 mRNA is also

reported (Fujihashi et al., 1993, 1996; Lundqvist et al.,
1994; Bickel et al., 2001). Readers are advised to refer to
specific review papers regarding Th1/Th2 cytokine
profiles in periodontal disease for further information
(Mathur and Michalowicz, 1997; Seymour and
Gemmell, 2001; Taubman and Kawai, 2001; Gemmell et
al., 2002b). Overall, distinct Th1 or Th2 lesions which
can be seen in mouse models have not been
demonstrated in human periodontitis. Nevertheless,
these studies have led to the formulation of several
hypotheses where T-cell subsets are associated with
periodontitis. In the first model, Th1 cells are associated
with the stable lesion while Th2 cells are associated with
the progressive lesion. In this model, T cells regulate the
production of antibodies which can be either protective
or destructive. In susceptible patients, non-protective
antibodies fail to neutralize or eliminate
periodontopathic bacteria resulting in continuation of the
disease. On the other hand, protective antibodies may
eliminate the bacteria and hence the lesions do not
progress further. This model is consistent with the
immunohistological observations that Th2 cells
predominate in periodontitis lesions and that tissue
destruction is mediated by uncontrolled B-cell
production of IL-1 (Seymour and Gemmell, 2001) (Fig.
1, Model A). In the second model, Th1 cells are thought
to result in tissue destruction and Th2 cells are thought
to be protective. In this model, IFN-γ primarily
stimulates monocytes/macrophages to produce
proinflammatory cytokines and PGE2, resulting in alocal hyper-inflammatory condition, leading to
connective tissue destruction and alveolar bone
resorption in susceptible patients. However, this model is
based largely on animal experiments and a recent report
has shown that there is no increase in macrophage
numbers and little evidence of macrophage activation in
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Fig. 1. Models for the role of Th1 and Th2 cytokines in periodontal conditions modified from the models originally appearing in the reference by
Gemmell et al. (2002).



advanced periodontitis compared with minimally
inflamed tissues (Chapple et al., 1998). Moreover, it has
been shown that IFN-γ inhibits osteoclastogenesis by
interfering with the RNAKL-RANK signaling pathway
(Takayanagi et al., 2000). Therefore, it is also possible
that IFN-γ can be a protective cytokine in bone
resorption (Fig. 2, Model B). Yet, another controversial
model is derived from the alteration of monocyte
function by IL-4. IL-4 is considered to function as an
anti-inflammatory cytokine by; (i) induction of apoptosis
of activated macrophages expressing IL-4 receptor
(Yamamoto et al., 1996); (ii) down-regulating CD14
expression by LPS-stimulated monocytes (Lauener et al.,
1990); and (iii) suppression of Th1 cytokine production
(Abbas et al., 1996). Based on the findings of an absence
of IL-4 mRNA in periodontitis lesions but with the
presence of macrophages expressing high levels of IL-4
receptor mRNA, it was postulated that a lack of down-
regulation of monocytes by IL-4 leads to tissue
destruction (Yamamoto et al., 1996). However, the level

of IL-13 showing similar biological activities to IL-4 in
many aspects is reported to be elevated in periodontitis
lesions (Fujihashi et al., 1996; Yamazaki et al., 1997). It
is conceivable that IL-13 substitutes the IL-4 function in
the lesion. This model is also inconsistent with direct
immunohistological evidence of high levels of IL-4-
positive Th2 cells in periodontitis.

As described above each hypothesis is weakened by
contradicting findings. This is because of uncertainties
regarding the presence of ongoing disease activity, the
specific microorganisms involved, and other undefined
immune parameters. Further studies are clearly required
to clarify the role of T-cell cytokines in disease activity
and associated immune cell functions.
Auto-reactive T cells and regulatory mechanisms

While the importance of T cells in periodontal
disease appears clear, their antigen specificity and
function remain obscure. It is clear that periodontopathic
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Fig. 2. Expression of HSP60 in periodontitis tissues. Staining of HSP60 was carried out by using an alkaline-phosphatase anti-alkaline-phosphatase
(APAAP) method on cryostat sections. HSP60-expressing cells appear as blue. Anti-HSP60 antibody reacts with either basal cells of the oral epithelium
(A) or cells in the inflammatory infiltrate (B). x 50

2A 2B



bacteria are the primary causative agents. However,
there is increasing evidence to suggest that the immune
response to self-components is also important in the
disease process. Immune responses to self-antigens such
as collagen type I, a major component of the
periodontium, have been considered for many years as
one of the pathogenic pathways following the finding of
high titers of anti-collagen type I antibody in the sera of
periodontitis patients (Hirsch et al., 1988). It has also
been demonstrated that CD5+ B cells, which are
supposed to produce auto-reactive antibody, not only
increase in periodontitis lesions but also produce more
anti-collagen type I antibody in vitro than CD5- B cells
(Sugawara et al., 1992). Another auto-reactive molecule
candidate is heat shock protein 60 (HSP60). Despite
being highly homologous between prokaryotic and
eukaryotic cells, HSP60s are strongly immunogenic, and
the immune response to microbial HSP60s are
speculated to initiate chronic inflammatory diseases in
which autoimmune responses to human HSP60 may be
central to pathogenesis. It has been reported that GroEL-
like proteins belonging to the HSP60 family can be
expressed by periodontopathic bacteria (Hotokezaka et
al., 1994; Maeda et al., 1994; Nakano et al., 1995;
Vayssier et al., 1994). In addition to antibodies to
bacterial HSP60, elevated anti-human HSP60 antibody
can be found in the sera of periodontitis patients.
Furthermore, these antibodies showed cross-reactivity
between human HSP60 and P. gingivalis GroEL (Tabeta
et al., 2000). The expression of HSP60 has also been
observed directly in periodontitis lesions (Fig. 2) (Ueki
et al., 2002).

Compared with the antibody response, the T-cell
response to auto-antigens in periodontitis is less well
characterized. Wassenaar et al. (1995) established and
characterized T-cell clones from inflamed gingival tissue
of periodontitis patients. Whereas 80% of T-cell clones
specific to collagen type I were Th2, producing high
levels of IL-4 and low levels of IFN-γ, the majority of
clones specific to bacterial antigen showed a Th0-
profile, producing equal amounts of IL-4 and IFN-γ
(Wassenaar et al., 1995). Recently, we examined the
proliferative response of PBMC as well as the cytokine
profile and clonality of T cells from periodontitis
patients and controls, following stimulation with
recombinant human HSP60 and P. gingivalis GroEL.
PBMC from periodontitis patients demonstrated
significantly higher proliferative responses to human
HSP60 and a much lower response to P. gingivalis
GroEL compared with control subjects. The response
was inhibited by anti-MHC class II antibodies
suggesting that it was an antigen-specific response.
Specific T-cell responses following stimulation with
HSP60 were also demonstrated by RT-PCR-SSCP
analysis of the CDR3 region of the T-cell receptor (TCR)
ß-chain. Analyses of the nucleotide sequences of the
TCR demonstrated that human HSP60-reactive T-cell
clones and periodontitis lesion-infiltrating T cells have
the same receptors suggesting that HSP60-reactive T
cells accumulate in periodontitis lesions. Analysis of the

cytokine profile demonstrated that HSP60-reactive
PBMC produced significant levels of IFN-γ in
periodontitis patients, whereas P. gingivalis GroEL did
not induce any skewing towards type1 or type2 cytokine
profiles. In control subjects no significant expression of
IFN-γ or IL-4 was induced. These results suggest that in
periodontitis patients, infection with periodontopathic
bacteria may induce the activation of self HSP60-
reactive T cells with a type1 cytokine profile in an
antigen-specific manner (Yamazaki et al., 2002).

Whereas the cytokine profile of collagen type I-
reactive T-cell clones is Th2, that of human HSP60-
reactive T cells is Th1. The fact that different antigens
induce distinct functional T-cell subsets further
complicates investigating the role of T cells in the
context of cytokine profiles in periodontal diseases.
Regulatory T cells

While it is clear that immunity to infection involves
distinct Th1 and Th2 subpopulations of T cells, a further
subtype of T cells, with immunosuppressive function
and cytokine profiles distinct from either Th1 or Th2 has
also been described. Several subsets of regulatory T cells
(Tr) with distinct phenotypes and distinct mechanisms of
action have now been clarified. However, a great deal of
uncertainty remains about the lineages, differentiation
factors, antigen specificity and mechanisms of action of
these so-called Tr cells. Whether or not these are the
exact regulatory T cells in periodontitis remains unclear.

Early studies showed that cells extracted from
periodontitis lesions failed to respond, in terms of
blastogenesis, to further stimulation in vitro, in contrast
to peripheral blood lymphocytes (Ivanyi, 1980; Seymour
et al., 1985). These data were considered to reflect a
possible imbalance in local immunoregulation which
may not be present systemically and which may not exist
in the gingivitis lesion. Some researchers considered that
the increased proportion of CD8+ T cells in periodontitis
lesions was a possible mechanism for the impaired
proliferative response. However, there is now
compelling evidence that CD4+ T cells, which specialize
in the suppression of immune responses, play a critical
role in immune regulation. The recent finding that cells
with this function are enriched within the CD4+CD25+
subset has prompted a resurgence of interest in T cell-
mediated suppression (Asano et al., 1996; Takahashi et
al., 1998; Thornton and Shevach, 1998).

As CD25 was initially used as a marker for activated
T cells, there are several reports where this antigen was
used in the phenotypic analysis of T cells in various
forms of periodontal disease. However, it is now
conceivable that the CD4+CD25+ T cell population in
these lesions was in fact Tr cells and not recently
activated T cells. The proportion of CD25+ subsets
within CD4+ T cells appeared to range from 6% to 8%
(Dieckmann et al., 2001; Taams et al., 2001). Seymour et
al. (1988) reported that less than 10% of T cells
expressed IL-2 receptor (CD25) at any stage during the
21-day experimental gingivitis period. However, they
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Although the discrepancy between these investigations 
has not been resolved, one important question that 
must be addressed is the nature of the physiological 
ligand recognized by the TCR expressed on CD25+ T 
cells.
Natural killer T cells

Recently, a unique lymphocyte population
designated natural killer T cells (NK T cells), has been
characterized. NK T cells express common markers for
NK cells and the invariant Vα-Jα TCR (Lantz and
Bendelac, 1994; Bendelac, 1995; 1997; Bix and
Locksley, 1995; MacDonald, 1995; Vicali and Zlotnik,
1996). Human invariant Vα24JαQ T cells are
homologous to the murine Vα14Jα281 NK 1.1+ T cells.
These cells have a TCR α chain in which the Vα14
segment is rearranged to pair with Jα281 with no N-
region diversity (Dellabona et al., 1994; Exley et al.,
1997; Porcelli et al., 1993). These NK T cells have
functionally important roles in vivo. A direct relationship
exists between a deficiency in NK T cells and
susceptibility to type 1 diabetes in nonobese diabetic
(NOD) mice (Baxter et al., 1997; Godfrey et al., 1997;
Gombert et al., 1996; Hammond et al., 1998), and in
humans (Wilson et al., 1998). A deficiency in NK T cells
has also been implicated in some other autoimmune
diseases including autoimmune gastritis (Hammond et
al., 1998) and lupus-like disease (Mieza et al., 1996;
Takeda and Dennert, 1993) in mice and in humans with
systemic sclerosis (Sumida et al., 1995). These studies
suggest a role for NK T cells in the regulation of
autoimmune diseases. We investigated the proportion of
the invariant Vα24JαQ TCR within the Vα24 T cell
population in periodontitis lesions and gingivitis lesions
using SSCP methodology (Yamazaki et al., 2001). NK T
cells were identified with a specific JαQ probe whereas
the total Vα24 TCR was identified using an internal Cα
probe. NK T cells were a significant proportion of the
total Vα24 population both in periodontitis lesions and
to a lesser extent in gingivitis lesions, but not in the
peripheral blood of either periodontitis patients or non-
diseased control subjects. Using immunohistochemistry,
some of Vα24+ cells in the periodontitis lesions seemed
to associate with CD1d+ cells, which are specific
antigen-presenting cells for NK T cells. Although the
mechanism underlying the elevation of NK T cells in
both periodontitis and gingivitis lesions remains unclear,
it can be postulated that NK T cells are recruited to play
a regulatory role in the auto-immune response generated
by the bacterial infection. The mechanisms through
which NK T cells may regulate autoimmunity remain
unclear. When activated through their TCR, NK T cells
become cytotoxic and produce a variety of cytokines,
including IL-4, IFN-γ, IL-10 and TGF-ß (D' Orazio and
Niederkorn, 1998). As these cytokines are produced by
activated CD4+CD25+-regulatory T cells, further
investigations are needed to determine how these
cytokines are involved in the protection against
autoimmune-mediated tissue destruction in periodontal
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did not show the actual proportion of CD25+ cells within
the CD4+ T cell subset. Takeuchi et al. (1991) examined
CD25 expression on lymphocytes extracted from
gingival tissues from periodontitis patients. The
proportion of CD25-positive cells within the CD4+ T
cell population in gingival tissue and peripheral blood
was 18.4±4.4% and 13.7±7.3%, respectively. The
difference between gingival tissue and peripheral blood
was statistically significant. A characteristic feature of
CD4+CD25+ Tr cells is that these cells fail to proliferate
and to secrete IL-2 in response to TCR ligation but are
able to suppress the responses of CD4+CD25- cells in
co-culture in a cell contact-dependent manner (Thornton
and Shevach, 1998).

Recent in vivo studies suggest that the function of
CD4+CD25+ T cells is crucially dependent on signaling
via the cytotoxic T lymphocyte-associated antigen
(CTLA)-4 molecule which was found to be
constitutively expressed on CD4+CD25+ T cells (Read et
al., 2000; Salomon et al., 2000; Takahashi et al., 2000).
Blockage of CTLA-4 inhibits the function of Tr cells in
vitro, even under circumstances in which CTLA-4 is
present only on the Tr cell population. This suggests that
CTLA-4 expression on CD4+CD25+ T cells is involved
in their function. However, since others have found that
in vitro suppression cannot be abrogated by blockage of
CTLA-4 (Baecher-Allan et al., 2001), how CTLA-4 is
involved in the function of Tr cells remains to be
defined. Recently, we examined CTLA-4 expression by
peripheral blood CD4+ T cells following stimulation
with the P. gingivalis outer membrane protein (OM)
(Aoyagi et al., 2000). In periodontitis patients, CTLA-4
expression was up-regulated with concomitant elevation
of CD25 expression following stimulation with P.
gingivalis OM and to a lesser extent with immobilized
anti-CD3 antibody. The percentages of CTLA-4-
expressing CD4+ T cells stimulated with P. gingivalis
OM and anti-CD3 were 34.4% and 9.6%, respectively.
When compared between periodontitis patients and
periodontally healthy control subjects, the percentage of
CTLA-4-expressing CD4+ T cells was higher in
periodontitis patients than in control subjects.
Interestingly, P. gingivalis OM stimulation did not
enhance an antigen-specific secondary response. This
suggests that increased Tr in the initial response might
be involved in suppressing a secondary response.
Although actual expression of CTLA-4 on CD4+CD25+
T cells was not examined in this experiment, these data
might suggest that CD4+CD25+ Tr cells play a role in
controlling auto-reactive T cells activated during the
immune response to periodontopathic bacteria. On the
other hand, Gemmell et al. (2001) examined CTLA-4-
positive cells in gingival biopsies from healthy/
gingivitis and periodontitis subjects and demonstrated 
that T cells express CD28 rather than CTLA-4 
in both healthy/gingivitis and periodontitis tissue 
sections and that the percentage of CTLA-4-positive 
cells remained low. They concluded that T 
cells in both healthy/gingivitis and periodontitis 
tissues are not regulated negatively by CTLA-4. 



diseases.
Therapeutic implications of T cell analysis in periodontal
diseases

Involvement of T cells in the immunoregulation of
periodontal disease is now well established. It is
becoming clear that the clinical manifestations of
periodontitis may be associated with autoimmune
mechanisms in which there is activation of a dominant,
self-reactive T cell population but also, failure of the
peripheral immune regulatory mechanisms that normally
control these cells. One important regulatory mechanism
is centered on the recognition of TCR-derived peptides
in the context of Class I and class II MHC by regulatory
CD8+ and CD4+ Tr cells, respectively. 

The ability to induce or expand Tr cells in vivo and
in vitro could have important implications in patients
with these forms of periodontitis in which auto-immune
mechanisms are involved. An advantage is that because
Tr cells can exert bystander suppression in an antigen-
nonspecific manner, they need not necessarily recognize
the target antigen(s) that are the subject of the auto-
immune response. Induction of Tr cells that react to any
local tissue-expressed molecule may be sufficient to
inhibit immune pathology. Identification of the sites of
action of Tr cells and of their antigen reactivities will be
paramount in applying this kind of strategy to the
treatment of inflammatory diseases. One important area
that remains to be addressed is whether Tr cells can also
down-regulate an ongoing immunopathological reaction.
If so, what manipulations are required to re-establish
dominant Tr cell activity in vivo? In addition,
identification of downstream cellular targets and

molecular mechanisms of Tr cell action should further
enhance the development of treatments that inhibit
immune pathology. Manipulation of Tr cells may also
have important clinical benefits in the induction of
protective immunity.

NK T cells associate with CD1d-expressing
dendritic cells (Bendelac et al., 1997). The TCR of NKT
cell recognizes a conserved family of glycolipids. It has
been well established that virtually all mouse and human
NK T cells can recognize α-galactosylceramide (α-
Galcer), a glycolipid originally extracted from marine
sponges. Although the mammalian counterpart of α-
Galcer has yet to be identified, it is conceivable that it is
induced under a range of pathological and inflammatory
conditions to activate NK T cells. Nevertheless,
identification of T cells reactive with auto-antigens and
those with regulatory roles would provide another
working hypothesis for the pathogenesis of periodontal
disease (Fig. 3).
Conclusion

Accumulating evidence has certainly suggested that
the analysis of T cells is of particular importance in not
only understanding the pathogenesis of periodontal
disease but also in the development of new
immunotherapies. However, as with other infectious and
auto-immune diseases, immune mechanisms underlying
the diseases have been proven to be more complex than
previously thought. The number of cytokines and CD
antigens are increasing year by year. Nevertheless, we
will soon obtain the complete data set in terms of the
human genome and subsequently all the functions of
every gene will be known. Although removal of bacteria
and their components will undoubtedly keep their
position in the treatment of periodontal disease,
alternative treatments based on the understanding of the
biological process should come of age. 
References

Abbas A.K., Murphy K.M. and Sher A. (1996). Functional diversity of
helper T lymphocytes. Nature 383, 787-793.

Aoyagi T., Yamazaki K., Kabasawa-Katoh Y., Nakajima T., Yamashita
N., Yoshie H. and Hara K. (2000). Elevated CTLA-4 expression on
CD4 T cells from periodontit is patients stimulated with
Porphyromonas gingivalis outer membrane antigen. Clin. Exp.
Immunol. 119, 280-286.

Asano M., Toda M., Sakaguchi N. and Sakaguchi S. (1996).
Autoimmune disease as aconsequence of developmental
abnormality of a T cell subpopulation. J. Exp. Med. 184, 387-396.

Baecher-Allan C., Brown J.A., Freeman G.J. and Hafler D.A. (2001).
CD4+CD25+ regulatory cells in human peripehral blood. J. Immunol.
167, 1245-1253.

Baxter A.G., Kinder S.J., Hammond K.J.L., Scollay R. and Godfrey D.I.
(1997). Association between abTCR+CD4-CD8-T-cell deficiency and
IDDM in NOD/Lt mice. Diabetes 46, 572-582.

Bendelac A. (1995). Mouse NK1+ T cells. Curr. Opin. Immunol. 7, 367-
374.

Bendelac A., Rivera M.N., Park S.-H. and Roark J.H. (1997). Mouse

894
T cells in periodontal disease

Fig. 3. Infected periodontopathic bacteria are processed by antigen-
presenting cells and bacterial HSP60 is also presented and recognized
by specific T cells. At the same time inflammation induces up-regulation
of HSP60 expression of various host cells, hence self-HSP60-reactive T
cells are activated. These T cells may produce Th1 cytokine resulting in
the activation of monocyte/macrophage, or produce Th2 cytokine
resulting in the production of antibodies specific to bacterial as well as
endogenous HSP60. However, regulatory T cells such as NK T cell or
CD4+CD25+ T cells, if appropriately recruited and activated, suppress
deteriorating auto immune response.



CD1-specific NK1 T cells: Development, specificity and function.
Annu. Rev. Immunol. 15, 535-562.

Bickel M., Axtelius B., Solioz C. and Attstrom R. (2001). Cytokine gene
expression in chronic periodontitis. J. Clin. Periodontol. 28, 840-847.

Bix M. and Locksley R.M. (1995). Natual T cells: cells that co-express
NKPR-1 and TCR. J. Immunol. 155, 1020-1022.

Chapple C.C., Srivastava M. and Hunter N. (1998). Failure of
macrophage activation in destructive periodontal disease. J. Pathol.
186, 281-286.

D' Orazio T.J. and Niederkorn J.Y. (1998). A novel role for TGF-beta
and IL-10 in the induction of immune privilege. J. Immunol. 160,
2089-2098.

Dellabona P., Padovan E., Casorati G., Brockhaus M. and
Lanzavecchia A. (1994). An invariant Vα24-JαQ/Vß11 T cell
receptor is expressed in all individuals by clonally expanded CD4-8-
T cells. J. Exp. Med. 180, 1171-1176.

Dieckmann D., Plottner H., Berchtold S., Berger T. and Schuler G.
(2001). Ex vivo isolation and characterization of CD4+CD25+ T cells
with regulatory properties from human blood. J. Exp. Med. 193,
1303-1310.

Exley M., Garcia J., Balk S.P. and Porcelli S. (1997). Requirements for
CD1d recognition by human invariant Vα24+ CD4-CD8- T cells. J.
Exp. Med. 186, 109-120.

Fransson C., Berglundh T. and Lindhe J. (1996). The effect of age on
the development of gingivitis. Clinical, microbiological and
histological findings. J. Clin. Periodontol. 23, 379-385.

Fujihashi K., Beagley K.W., Kono Y., Aicher W.K., Yamamoto M.,
DiFabio S., Xu-Amano J., McGhee J.R. and Kiyono H. (1993).
Gingival mononuclear cells from chronic inflammatory periodontal
tissues produce interleukin (IL)-5 and IL-6 but not IL-2 and IL-4. Am.
J. Pathol. 142, 1239-1250.

Fujihashi K., Amamoto M., Hiroi T., Bamberg T.V., McGhee J.R. and
Kiyono H. (1996). Selected Th1 and Th2 cytokine mRNA expression
by CD4+ T cells isolated from inflamed gingival tissues. Clin. Exp.
Immunol. 103, 422-428.

Gemmell E., Grieco D.A., Cullinan M.P., Westerman B. and Seymour
G.J. (1999). The proportion of interleukin-4, interferon-gamma and
interleukin-10-positive cells in Porphyromonas gingivalis-specific T-
cell lines established from P. gingivalis-positive subjects. Oral
Microbiol. Immunol. 14, 267-274.

Gemmell E., McHugh G.B., Grieco D.A. and Seymour G.J. (2001).
Costimulatory molecules in human periodontal disease tissues. J.
Periodont. Res. 36, 92-100.

Gemmell E., Carter C.L., Grieco D.A., Sugarman P.B. and Seymour
G.J. (2002a). P. gingivalis-specific T-cell lines produce Th1 and Th2
cytokines. J. Dent. Res. 81, 303-307.

Gemmell E., Yamazaki K. and Seymour G.J. (2002b). Destructive
periodontitis lesions are determined by the nature of the lymphocytic
response. Crit. Rev. Oral Biol. Med. 13, 17-34.

Godfrey D.I., Kinder S.J., Silveria P.and Baxter A. (1997). Flow
cytometric study of T cell development in NOD mice reveals a
deficiency in αßTCR+CD4-CD8- thymocytes. J. Autoimmun. 10, 279-
285.

Gombert J.M., Herbelin A., Tancredebohin E., Dy M., Carnaud C. and
Bach J.F. (1996). Early quantitative and functional deficiency of
NK1+-like thymocytes in the NOD mouse. Eur. J. Immunol. 26, 2989-
2998.

Grewal I.S. and Flavell R.A. (1996). A central role of CD40 ligand in the
regulation of CD4+ T-cell responses. Immunol. Today 17, 410-414.

Hammond K.J.L., Poulton L.D., Palmisano L.J., Silveira P.A., Godfrey

895
T cells in periodontal disease

D.I. and Baxter A.G. (1998). α/ß-T cell receptor (TCR)+CD4-CD8-
(NKT) thymocytes prevent insulin-dependent diabetes mellitus in
nonobese diabetic (NOD)/Lt mice by the influence of interleukin (IL)-
4 and/or IL-10. J. Exp. Med. 187, 1047-1056.

Hirsch H.Z., Tarkowski A., Miller E.J., Gay S., Koopman W.J. and
Mestecky J. (1988). Autoimmunity to collagen in adult periodontal
disease. J. Oral Pathol. 17, 456-459.

Hirschfeld L. and Wasserman B. (1978). A long-term survey of tooth
loss in 600 treated periodontal patients. J. Periodontol. 49, 225-237.

Hotokezaka H., Hayashida H., Ohara N., Nomaguchi H., Kobayashi K.
and Yamada T. (1994). Cloning and sequencing of the groESL
homologue from Porphyromonas gingivalis. Biochim. Biophys. Acta
1219, 175-178.

Ivanyi L. (1980). Stimulation of gingival lymphocytes by antigens from
oral bacteria. In: The borderland between caries and periodontal
disease II. Lehner T. and Cimasoni G. (eds). Academic Press.
London. pp 125-134.

Lantz O. and Bendelac (1994). An invariant T cell receptor α chain is
used by a unique subset of MHC class I specific CD4+ and CD4-
CD8- T cells in mice and humans. J. Exp. Med. 180, 1097-1106.

Lauener R.P., Goyert S.M., Geha R.S. and Vercelli D. (1990).
Interleukin 4 down-regulates the expression of CD14 in normal
human monocytes. Eur. J. Immunol. 20, 2375-2381.

Lenschow D.L., Walunas T.L. and Bluestone J.A. (1996). CD28/B7
system of T cell costimulation. Annu. Rev. Immunol. 14, 233-258.

Lundqvist C., Baranov V., Teglund S., Hammarström S. and
Hammarström M.-L. (1994). Cytokine profile and ultrastructure of
intraepithelial gd T cells in chronically inflamed human gingiva
suggest a cytotoxic effector function. J. Immunol. 153, 2302-2312.

MacDonald H.R. (1995). NK1.1+ T cell receptor-α/ß+ cells: new clues to
their origin, specificity, and function. J. Exp. Med. 182, 633-638.

Maeda H., Miyamoto M., Hongyo H., Nagai A., Kurihara H. and
Murayama Y. (1994). Heat shock protein 60 (GroEL) from
Porphyromonas gingivalis: Molecular cloning and sequence analysis
of its gene and purification of the recombinant protein. FEMS
Microbiol. Lett. 119, 129-136.

Manhart S.S., Reinhardt R.A., Payne J.B., Seymour G.J., Gemmell E.,
Dyer J.K. and Petro T.M. (1994). Gingival cell IL-2 and IL-4 in early-
onset periodontitis. J. Periodontol. 65, 807-813.

Mathur A. and Michalowicz B.S. (1997). Cell-mediated immune system
regulation in periodontal diseases. Crit. Rev. Oral Biol. Med. 8, 76-
89.

Mieza M.A., Itoh T., Cui J.Q., Makino Y., Kawano T., Tsuchida K., Koike
T., Shirai T., Yagita H., Matsuzawa A., Koseki H. and Taniguchi M.
(1996). Selective reduction of Vα14+ NK T cells associated with
disease development in autoimmune-prone mice. J. Immunol. 156,
4035-4040.

Mosmann T.R., Cherwinski H., Bond M.W., Giedlin M.A. and Coffman
R.L. (1986). Two types of murine helper T cell clone. I. Definition
according to profiles of lymphokine activities and secreted proteins.
J. Immunol. 136, 2348-2357.

Nakano Y., Inai Y., Yamashita Y., Nagaoka S., Kasuzaki-Nagira T.,
Nishihara T., Okahashi N. and Koga T. (1995). Molecular and
immunological characterization of a 64-kDa protein of Actinobacillus
actinomycetemcomitans. Oral Microbiol. Immunol. 10, 151-159.

Okada H., Murakami S., Kitamura M., Nozaki T., Kusumoto Y., Hirano
H., Shimauchi H., Shimabukuro Y. and Saho T. (1996). Diagnostic
strategies of periodontitis based on the molecular mechanisms of
periodontal tissue destruction. Oral Dis. 2, 87-95.

Porcelli S., Yockey C.E., Brenner M.B. and Balk S.P. (1993). Analysis of



T cell antigen receptor (TCR) expression by human peripheral blood
CD4-8- α/ß T cells demonstrates preferential use of several Vß
genes and an invariant TCR α chain. J. Exp. Med. 178, 1-16.

Read S., Malmstrom V. and Powrie F. (2000). Cytotoxic T lymphocyte-
associated antigen 4 plays an essential role in the function of
CD25+CD4+ regulatory cells that control intestinal inflammation. J.
Exp. Med. 192, 295-302.

Salomon B., Lenschow D.J., Rhee L., Ashourian N., Singh B., Sharpe A.
and Bluestone J.A. (2000). B7/CD28 costimulation is essential for
the homeostasis of the CD4+CD25+ immunoregulatory T cells that
control autoimmune diabetes. Immunity 12, 431-440.

Seymour G.J. and Gemmell E. (2001). Cytokines in periodontal disease:
where to from here? Acta Odontol. Scand. 59, 167-173.

Seymour G.J., Powell R.N. and Davies W.I.R. (1979). Conversion of a
stable T-cell lesion to a progressive B-cell lesion in the pathogenesis
of chronic inflammatory periodontal disease: an hypothesis. J. Clin.
Periodontol. 6, 267-277.

Seymour G.J., Cole K.L. and Powell L.W. (1985). Analysis of
lymphocyte populations extracted from chronically inflamed human
periodontal tissues. II. Blastogenic response. J. Periodont. Res. 20,
571-579.

Seymour G.J., Gemmell E., Walsh L.J. and Powell R.N. (1988).
Immunohistological analysis of experimental gingivitis in humans.
Clin. Exp. Immunol. 71, 132-137.

Socransky S.S., Haffajee A.D., Goodson J.M. and Lindhe J. (1984).
New concepts of destructive periodontal disease. J. Clin.
Periodontol. 11, 21-32.

Sugawara M., Yamashita K., Yoshie H. and Hara K. (1992). Detection
of, and anti-collagen antibody produced by, CD5-positive B cells in
inflamed gingival tissue. J. Periodont. Res. 27, 489-498.

Sumida T., Sakamoto A., Murata H., Makino Y., Takahashi H., Yoshida
S., Nishioka K., Iwamoto I. and Taniguchi M. (1995). Selective
reduction of T cells bearing invariant Vα24JαQ antigen receptor in
patients with systemic sclerosis. J. Exp. Med. 182, 1163-1168.

Taams L.S., Smith J., Rustin M.H., Salmon M., Poulter L.W. and Akbar
A.N. (2001). Human anergic/suppressive CD4+CD25+ T cells: a
highly differentiated and apoptosis-prone population. Eur. J.
Immunol. 31, 1122-1131.

Tabeta K., Yamazaki K., Hotokezaka H., Yoshie H. and Hara K. (2000).
Elevated humoral immune response to heat shock protein 60
(hsp60) family in periodontitis patients. Clin. Exp. Immunol. 120,
285-293.

Takahashi T., Kuniyasu Y., Toda M., Sakaguchi N., Itoh M., Iwata M.,
Shimizu J. and Sakaguchi S. (1998). Immunologic self-tolerance
maintained by CD25+CD4+ naturally anergic and suppressive T
cells: induction of autoimmune disease by breaking their
anergic/suppressive state. Int. Immunol. 10, 1969-1980.

Takahashi T., Tagami T., Yamazaki S., Uede T., Shimizu J., Sakaguchi
N., Mak T.W. and Sakaguchi S. (2000). Immunologic self-tolerance
maintained by CD25+CD4+ regulatory T cells constitutively
expressing cytotoxic T lymphocyte-associated antigen 4. J. Exp.
Med. 192, 303-309.

Takayanagi H., Ogasawara K., Hida S., Chiba T., Murata S., Sato K.,
Takaoka A., Yokochi T., Oda H., Tanaka K., Nakamura K. and
Taniguchi T. (2000). T-cell-mediated regulation of osteoclasto-
genesis by signalling cross-talk between RANKL and IFN-γ. Nature
408, 600-605.

Takeda K. and Dennert G. (1993). The development of autoimmunity in
C57BL/6 lpr mice correlates with the disappearance of natural killer
type-1 positive cells: evidence for their suppressive action on bone

mallow stem cell proliferation, B cell immunoglobulin secretion, and
autoimmune symptoms. J. Exp. Med. 177, 155-164.

Takeichi O., Haber J., Kawai T., Smith D.J., Moro I. and Taubman M.A.
(2000). Cytokine profiles of T-lymphocytes from gingival tissues with
pathological pocketing. J. Dent. Res. 79, 1548-1555.

Takeuchi Y., Yoshie H. and Hara K. (1991). Expression of interleukin-2
receptor and HLA-DR on lymphocyte subsets of gingival crevicular
fluid in patients with periodontitis. J. Periodont. Res. 26, 502-510.

Taubman M.A. and Kawai T. (2001). Involvement of T-lymphocytes in
periodontal disease and in direct and indirect induction of bone
resorption. Crit. Rev. Oral Biol. Med. 12, 125-135.

Thornton A.E. and Shevach E.M. (1998). CD4+CD25+ immunoregulatory
T cells suppress polyclonal T cell activation in vitro by inhibiting
interleukin 2 production. J. Exp. Med. 188, 287-296.

Ueki K., Tabeta K., Yoshie H. and Yamazaki K. (2002). Self-heat shock
protein 60 induces tumor necrosis factor-α in monocyte-derived
macrophage: Possible role in chronic inflammatory periodontal
disease. Clin. Exp. Immunol. 127, 72-77.

Vayssier C., Mayrand D. and Grenier D. (1994). Detection of stress
proteins in Porphyromonas gingivalis and other oral bacteria by
Western immunoblotting analysis. FEMS Microbiol. Lett. 121, 303-
307.

Vicali A. and Zlotnik A. (1996). Mouse NK1.1+ T cells: a new family of T
cells. Immunol. Today 17, 71-76.

Wassenaar A., Reinhardus C., Thepen T., Abraham-Inpijn L. and Kievits
F. (1995). Cloning, characterization, and antigen specificity of T-
lymphocyte subsets extracted from gingival tissue of chronic adult
periodontitis patients. Infect. Immun. 63, 2147-2153.

Wilson S.B., Kent S.C., Patton K.T., Orban T., Jackson R.A., Exley M.,
Percelli S., Schatz D.A., Atkinson M.A., Balk S.P., Strominger J.L.
and Hafler D.A. (1998). Extreme Th1 bias of invariant Vα24JαQ T
cells in type 1 diabetes. Nature 391, 177-181.

Yamamoto M., Kawabata K., Fujihashi K., McGhee J.R., Van Dyke T.E.,
Bamberg T.V., Hiroi T. and Kiyono H. (1996). Absence of
exogeneous interleukin-4-induced apoptosis of gingival
macrophages may contribute to chronic inflammation in periodontal
diseases. Am. J. pathol. 148, 331-339.

Yamazaki K., Nakajima T., Aoyagi T. and Hara K. (1993).
Immunohistological analysis of memory T lymphocytes and activated
B lymphocytes in tissues with periodontal disease. J. Periodont.
Res. 28, 324-334.

Yamazaki K., Nakajima T., Gemmell E., Polak B., Seymour G.J. and
Hara K. (1994). IL-4 and IL-6 producing cells in human periodontal
disease tissue. J. Oral Pathol. Med. 23, 347-353.

Yamazaki K., Nakajima T. and Hara K. (1995). Immunohistological
analysis of T cell functional subsets in chronic inflammatory
periodontal disease. Clin. Exp. Immunol. 99, 384-391.

Yamazaki K., Nakajima T., Kubota Y., Gemmell E., Seymour G.J. and
Hara K. (1997). Cytokine messenger RNA expression in chronic
inflammatory periodontal disease. Oral Microbiol. Immunol. 12, 281-
287.

Yamazaki K., Ohsawa Y. and Yoshie H. (2001). Elevated proportion of
natural killer T cells in periodontitis lesions: a common feature of
chronic inflammatory diseases. Am. J. Pathol. 158, 1391-1398.

Yamazaki K., Ohsawa Y., Tabeta K., Itoh H., Ueki K., Oda T., Yoshie H.
and Seymour G.J. (2002). Accumulation of human heat shock
protein 60-reactive T cells in the gingival tissues of periodontitis
patients. Infect. Immun. 70, 2492-2501.

Accepted February 5, 2003

896
T cells in periodontal disease


