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SUMMARY

Although B cell activation and subsequent immunoglobulin production are the immunopathological
features of chronic inflammatory periodontal diseasesitu expression of costimulatory molecules in
humoral immunity has not been investigated. In the present study we examined the expression of CD40,
CD40 ligand (CD40L), CD80, CD86, CD28 and cytolytic T lymphocyte-associated antigen-4 (CTLA-4)
on lymphocytes immunohistochemically. Cryostat sections were prepared from the gingival tissue
samples of 14 patients with moderate to advanced adult periodohtitigro kinetics of the expression

of CD40L and CTLA-4 by peripheral blood T cells and that of CD80 and CD86 by peripheral blood B
cells were also investigated by flow cytometry. Positive percentage expression of CD40L, CD28 and
CTLA-4, and CD40, CD80 and CD86 was calculated for the number of 'CB3d CD19 cells,
respectively. Flow cytometric analysis demonstrated that the expression of CD40L and CTLA-4on T
cells, and CD80 and CD86 on B cells of peripheral blood was up-regulated upon activation. While most
T cells and B cells expressed CD28, and CD80 and CD86, respectively, in gingival tissues, the
expression of CD40L and CTLA-4 was lower but highly variable between specimens. Furthermore,
these two molecules seemed to be expressed reciprocally in the lesion. As both CD40L and CTLA-4
expression are induced transiently by stimulation, variability in the expression of the molecules may
reflect immunological activities and participation in the regulation of B cell activation of the lesion.
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INTRODUCTION Taken together, immunological findings may reflect an actual

Periodontitis lesions contain large numbers of B lymphocytes ané;i!sease _act|V|ty which can not be detected by ordln_ary.cllnlcal
diagnostic parameters. T cell-dependent B cell activation and

plasma cells together with significant numbers of T lymphocytes',. . ; .
[1,2]. It has been demonstrated that most T cells infiltratingd'ﬁerem'atlon require both cell—cell contact as well as cytokines

periodontitis lesions are CD45R0- [3,4] and HLA-DR-expressing?hec:;/et?t f;gmbic?r\;atsga-;tcﬂs'C\o/gtr;%l:z;e(;irgg;“gazglIp_aérscirlf
[5] memory/activated phenotypes. Furthermore, their cytokine 9 P p

) . . . s . collaboration. Although the intercellular adhesion molecule-1
profile shifts towards type 2 in periodontitis lesions where IL-4 (ICAM-1)/leucocyte function-associated antigen-1 (LFA-1) path-
and IL-6 are predominant [6,7]. As it is likely that both antigen- ucocyte i 9 P

specific and polyclonal activation of B cells occurs locally [8] and way has been extensively studied [10-12], it has become evident

) AT . that the most potent costimulatory signalling pathways comprise
that regulation of B cell activation is mediated by T cells [9],
periodontitis lesion-infiltrating T cells are thought to play the CD28/B7 (CD80 and CD86) [13] and CD40/CDAOL (CD154)

important roles by producing B cell activating cytokines during systems [14]. CD28, which is expressed constitutively on the
. : surface of all CD4 cells and on about 50% of CD8cells, is
the development of the lesion. Moreover, the proportion of

L{p-regulated following activation [15]. However, cytolytic T

cytokine-producing cells varies among patients, suggesting th : . .
although their clinical characteristics are similar, activation Stageiymphocyte-assouated ar!tlgen-4 (CTLA.'A" CD152), another
igand for B7 molecules, is not constitutively expressed on T

of the infiltrating T cells differ from patient to patient or from site . . .
to site 9 P P cells. It is up-regulated following T cell activation [16]. Whereas
’ the CD28-B7 interactions promote T cell activation, engagement

Correspondence: Dr Kohji Hara, Department of Periodontology, Nii- Of CTLA-4 by B7 appears to inhibit T cell activation [17].
gata University School of Dentistry, 5274, Gakkocho-Dori 2-ban-cho, ~While CD40 is widely expressed on various types of
Niigata 951-8514, Japan. cells including B cells and fibroblasts, both of which are major
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components of inflamed gingival tissues, CD40L is expressedCD28 and CD80, CD28 and CD86, CTLA-4 and CD80, CTLA-4
mainly on activated T cells. Manin vitro studies have demon- and CD86, and CD40L and CD40 were also carried out.
strated that ligation of CD40 induces B cell activation, resulting in  After rehydration in 0-05% Tris-buffered saline (TBS, pH 7-6)
the proliferation and secretion of immunoglobulin, as well asand blocking with normal rabbit serum (Dako), the sections were
immunoglobulin heavy chain recombination in the presence ofincubated with primary MoAb at a predetermined dilution,
appropriate cytokines [14]. followed by rabbit anti-mouse immunoglobulins (Dako) and
To enhance understanding of the immune response in chronifinally with monoclonal mouse APAAP (Dako). Colour was
inflammatory periodontal disease, analysis of costimulatorydeveloped with an alkaline phosphatase substrate 111 kit (Vector,
molecules would further elucidate B cell regulation by T cells. Burlingame, CA). For double staining, the sections were first
In the present study therefore we investigateithsitu expression  incubated with monoclonal anti-CD3 as first primary MoAb at a
and distribution of costimulatory molecules in periodontitis lesionspredetermined dilution, followed by biotinylated horse anti-mouse
by immunohistochemical methods. IgG (Vector) and finally with ABC-PO. After colour development
using 0-005% 3,3-diaminobenzidine in Tris—HCI buffer pH7-2
containing 0-01% hydrogen peroxide, an APAAP method using
monoclonal anti-CD19 as a second primary MoAb followed.
Patients and biopsies Incubation for 30 min at room temperature was followed by washing
Fourteen patients with moderate to advanced adult periodontitifor 10 min in TBS pH7-6. Nuclei were counterstained with
(AP) referred to the Periodontal Clinic of Niigata University Dental haematoxylin. Endogenous peroxidase and alkaline phosphatase
Hospital took part in this study (age 30—64 years, mean 46-9 yearsctivities were blocked by 0-17% Naghand 1 levamisole,
Two specimens were taken from each of two patients 16). respectively.
Gingival biopsies were obtained at the time of periodontal surgery
or at extraction of severely involved teeth after completion of Cell analysis
initial therapy, which included motivation, oral hygiene instruction, The degree of inflammation was confirmed by haematoxylin—eosin
scaling and root planing. Clinical assessments of the sampling site$1—E)-stained slides. Areas of significant round cell infiltrate in
are shown in Table 1. Informed consent was obtained from althe connective tissues, which contained both T cells and B cells
patients. subjacent to the pocket epithelium as determined on CD3/CD19
The biopsies were taken by making two parallel vertical double-stained slides, were selected. One to three areas per speci-
incisions approx. 2 mm apart connected by a horizontal incisiormen were selected depending on the degree of cell infiltration.
approx. 1mm below the base of the pockets. The tissue waPositive cells were counted for these selected foci with an ocular
immediately embedded in OCT compound (Miles Inc., Elkhart, grid (0-04 mni) at a magnification 0k400. The area selected for
IN), quenched in liquid nitrogen and stored-af0°C until use. counting was re-located on the seven serial sections from each
Serial cryostat sections f#n in thickness) were cut from the specimen using an ocular grid and histological landmarks. In each
central part of each specimen in a plane parallel to the long axis ofirea, CD28, CTLA-4" and CD40L" fractions in the number of
the teeth and orientated so that the pocket epithelium, oraCD3" cells and CD8%, CD86" and CD40 fractions in the
epithelium and connective tissues were present in the same sectiomumber of CD19 cells were calculated by dividing the number
Then sections were air-dried, fixed in equal parts of chloroform/of costimulatory molecule-positive cells by the number of C8
acetone for 5min, and stored a20°C. CD19" cells.

PATIENTS AND METHODS

Immunohistochemistry Peripheral blood mononuclear cell culture

Monoclonal anti-CD28 (Nichirei, Tokyo, Japan), anti-CTLA-4 In vitro kinetics of the expression of costimulatory molecules was
(Pharmingen, San Diego, CA), anti-CD80 (Immunotec, Marseille,examined for peripheral blood mononuclear cells (PBMC). PBMC
France), anti-CD86 (Ancell, Bayport, MN), anti-CD40 and anti- were separated from three healthy adult volunteers by centrifuga-
CD40L (Serotec, Oxford, UK) were used for single staining by antion of heparinized venous blood over Ficoll-Paque (Pharmacia
alkaline-phosphatase anti-alkaline-phosphatase (APAAP) methodkine Chemicals, Piscataway, NJ). Cells were seeded in a 24-well
Monoclonal anti-CD3 and anti-CD19 (Dako, Glostrup, Denmark) culture plate at a concentration oka0°cells/well under a final
were used for double staining by combining an avidin-biotin- volume of 1 ml and were cultured in RPMI 1640 supplemented
immunoperoxidase (ABC-PO) method and an APAAP method towith 10% human AB serum, 20mHEPES, 100 U/ml penicillin,
identify T cells and B cells. In some specimens, double stainings ol00ug/ml  streptomycin, 2m glutamine and %10 °wm
2-mercaptoethanol (2-ME) at 3Z in a humidified atmosphere

of 5% CQ, and 95% air for varying periods of time. Phorbol
myristate acetate (PMA; 10 ng/ml) and calcium-ionophore A23187
(A23187; 250ng/ml) were added to the cultures for T cell
Clinical parameter  Stimulation. IL-4 (200 U/ml) plus anti-CD40 MoAb (0pb/ml)

or anti-CD40 MoAb alone were added to the cultures for B cell

Table 1. Clinical profiles of biopsy sitesn(= 16)

Gingival index 1-4-0-7 stimulation.
Probing depth (mm) 7828
Loss of attachment (mm) 9:62:6 Flow cytometric analysis
Bone loss (%) 84-216-3 Expression of CD28, CTLA-4 or CD40L on CD3T cells and
Bleeding on probing (number of sites) 14/16 CD80 or CD86 on CD19 B cells was determined by two-colour
staining. At the indicated time points, cells were taken, washed
Data are expressed as meas.d. and resuspended at a concentration &f10f cells/50 ml in PBS
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containing 1% fetal calf serum (FCS;e80, Grand Island, NY) distribution of CD80 and CD86 was consistent with that of
and 0-1% Nal The cells were incubated with saturating amountsCD19" B cells, as evidenced by the findings on sequential sections
of MoAb for anti-CD28 (Nichirei), anti-CTLA-4 (Pharmingen), of CD80/CD86 single staining and CD3/CD19 double staining
and anti-CD40L (Ancell) for 20 min at°€, washed twice, then (Fig. 1a,e,f).

incubated with FITC-conjugated rabbit anti-mouse IgG antibody  Although the mean percentage of CD8Cand CDS86
(Dako). After blocking with mouse serum (Dako), the cells werefractions for the CD19 subset was high, slight variations
incubated with PE-conjugated anti-CD3 (Dako). For analysis ofwere found between specimens (65% to almost 100%) (Fig. 3).
CD80 or CD86 expression on CD1®B cells, FITC-conjugated In order to detect cell—cell interaction via CD28 and CD80/CD86,
anti-CD80 or CD86 (Pharmingen) and PE-conjugated anti-CD1%louble staining was carried out. CD28 cells and CD80/CD86
(Dako) were used for two-colour staining. The cells were analysedells were in close proximity and direct cell-cell contact of
using a FACScan flow cytometer (Becton Dickinson, San JoseCD28" and CD80/CD86 cells was sometimes observed
CA) equipped with Consort 30 software (Hewlett-Packard, CA).(Fig. 2a,b).

The lymphocyte fraction was gated using their forward and side There was no correlation between percentages of CD80- and
scatter characteristics, as described elsewhere. Mouse IgG1l @D86-expressing cells within CD1ells.

IlgG2a (Becton Dickinson) were used to control non-specific

bindings. Immunohistochemical detection of CTLA-4 and CD80/CD86 in
periodontitis lesions
Statistical analysis The number of CTLA-4 cells was much lower than that of CD28

The difference between the expressions of each costimulatorgells (Fig. 3;P<0-01). The distribution of CTLA-% cells was
molecule was analysed using unpaireédest. The statistical somewhat scattered even in the cluster of C2lls (Fig. 1c).
significance risk rate was set Rk 0-05. Furthermore, the proportion of CTLA%4cells within the CD3
cells varied greatly among patients, from around 10% 89%
(Fig. 4). In double-stained sections of CTLA-4 and CD80/CD86,
CTLA-4" cells were also observed in infiltrates of CD80/CD)86
General histological findings of the tissues cells (Fig. 2c,d).
The degree of cell infiltration was confirmed by H—E-stained  Correlations between the proportion of CTLA-4ells and
sections. Moderate to widespread intense infiltration was observedther costimulatory molecule expressions were not found.
in connective tissues subjacent to the pocket epithelium. The areas
containing both T cells and B cells, confirmed on CD3/CD19 Immunohistochemical detection of CD40L and CD40 in perio-
double-stained sections, were selected for analysis of theontitis lesions
expression of costimulatory molecules in the periodontitis lesionCD40L" cells were also scattered in the same areas as'CBi%s
In CD3/CD19 double-stained sections, CD1@ells were the (Fig. 1d). The mean percentage of CD40tells within the CD3
dominant infiltrating cell type. CDB cells formed clusters or cells was approx. 40% and was significantly lower than that of
were scattered beneath the pocket epithelium (Fig. 1a). CD28 (Fig. 3;P<0-01). Like CTLA-4, the expression of CD40L

There was no correlation between the clinical parameters of thearied greatly between specimens. Frequency of CTAa#d
biopsy sites and the degree of inflammatory cell infiltrates or theCD40L" cells within CD3" cells in the same specimen tended to
areas of cell infiltration in the sections. show reciprocal expression (Fig. 4).

The distribution of CD40 cells was similar to that of CD1'9

Immunohistochemical detection of CD28 and CD80/CD86 incells (Fig. 1g). In addition, fibroblast-like cells, endothelial cells
periodontitis lesions (data not shown) and the basal epithelium (Fig. 1g) were
In most specimens, the distribution of CD228ells was consistent also positive for CD40. The percentage of CD4€ells in the
with that of CD3" cells (Fig. 1a,b). The mean percentage of CD19" cells was nearly 100% (Fig. 3). CD40lcells were found
CD28" cells within CD3" cells was nearly 100% (Fig. 3). CD80 in close proximity to the CD40 lymphocytes and the basal
and CD86 were extensively expressed on the infiltrating cellsepithelium, as shown in double staining of CD40L and CD40
in the connective tissues beneath the pocket epithelium. ThéFig. 2e).

RESULTS

Table 2. Kinetics of CD28, CTLA-4 and CD40L expression on CD3 cells in peripheral blood mononuclear cells (PBMC)

0h 8h 24h 48h 72h
CD28 87-34+ 5-56* 94-13t5-14 89-93-4.03 82-89- 11-47
CTLA-4 0-76*+ 0-53 2-59-0-99 10-5k 6-86 7-88-2-33
CD40L 1-03:0-78 24.51 8-96 6-13F 3-42 9-79- 3-60 3-53-0-35

PBMC were stimulated with phorbol myristate acetate (PMA; 10 ng/ml) and calcium-ionophore (250 ng/ml) at indicated times. CD3 was labelled with
PE-conjugated anti-CD3. CD28, CTLA-4 or CD40L were labelled with unconjugated respective MoAbs and subsequent FITC-conjugated rabbit anti-mouse
IgG. Samples were analysed on a FACScan using the Consort 30 program. Percent positive cells for each costimulatory molecule withifrabga®D3
are indicated.

*Mean*s.d.,n=3.
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Flow cytometric detection of costimulatory molecule expression T cells and CD40-expressing gingival fibroblasts on double-
As shown in Table 2, transient up-regulation of expression wastained sections, the finding of IL-6 production by gingival
observed for CTLA-4 and CD40L upon stimulation. However, fibroblastsin situ [7] suggests that CD40—CD40L interaction
their kinetics were slightly different. Whereas CTLA-4 peaked atcould be involved in the regulation of gingival fibroblast
48 h, CD40L peaked at 8 h. function.

The stimulatory effect of anti-CD40 MoAb was more prominent It is now well established that both CD40/CD40L [24] and
for the expression of CD86 than that of CD80 and the effect wasCD28/B7 [25] signalling pathways play a critical role in B cell
further enhanced by adding IL-4 in the culture (Table 3). response. CD28 is expressed on the surface of most'QDeklls

and approx. 50% of CD8T cells in humans [15]. In the present

study, the mean proportion of CD28-expressing T cells was as high

DISCUSSION as 98% in the analysed areas, suggesting that'CDdells were

predominant in periodontitis lesions. This finding is supported by
In the present study, we demonstrated that the proportions obur previous studies [7].
costimulatory molecule-expressing cells were high in the gingival Two well characterized counter receptors for CD28, CD80 and
tissues of periodontitis patients. We examined CD40 and itsCD86, are shown to be induced by signalling through CD40,
counter receptor, CD40L, and CD28 and CTLA-4 and their counteithrough either anti-CD40 MoAbs or activated T cells expressing
receptors, CD80 and CD86, by means of immunohistochemistryfCD40L [26,27]. In the present study, large numbers of CD80- and
and flow cytometry. These costimulatory molecules have beer€D86-expressing cells were identified in periodontitis lesions. In
reported to play important roles in humoral immune response anaddition to their expression on activated B cells, both molecules
cell function regulation [13,18]. B cell activation and subsequentcan also be detected on a variety of antigen-presenting cells (APC)
immunoglobulin production in periodontitis lesions is one of the including activated monocytes, dendritic cells and Langerhans
immunopathological features of periodontitis [1,19]. A series ofcells, as well as on activated T cells [13]. CD28 and CD80 or
our studies has demonstrated variable stages of B cell activation i6D86 were stained separately in most positive cells, but in some
periodontitis lesions [4]. Differential expressions of cytokines cells were simultaneously stained. We estimated the expression of
[6,7,20] in these lesions led us to investigate costimulatoryCD80 and CD86 as percentages for CDI® cells, because the
molecule expression. distribution of CD80 or CD86 coincided with that of CD19 on the

CD40L expression was highly variable from specimen toserial sections. However, the possibility that these costimulatory
specimen. As the CD40L molecule is expressed transiently aftemolecules are expressed by macrophages and activated T cells can
stimulation [21] and is expressed on activated mature T cells buhot be excluded, since periodontitis lesions contain both cell types,
not on resting T cells, variability in the expression of CD40L even though there are far fewer macrophages than B cells [28,29].
strongly suggests that the activation stages of infiltrating T celldn fact, like CD40, the number of CD80 and CD86 exceeded that of
differ among specimens obtained from clinically similar diseasedCD19 in some specimens. Although the cell types expressing
sites. CD40L and its counter receptor CD40 have reportedly bee@€D86 do not differ from CD80, each molecule is differentially
involved in cognate T and B cell interactions which, in turn, are expressed on populations of APC. On B cells, CD86 expression is
important for humoral immunity [22]. The results of CD40L rapid following activation, whereas CD80 expression appears
expression in the present study suggest that in active periodontitisignificantly later [30]. While some specimens in the present
lesions, CD40L-expressing activated T cells stimulate B cells bystudy demonstrated similar proportions of CD80- and CD86-
cross-linking CD40 molecules to proliferate and differentiate toexpressing cells, others showed higher proportions of CD86-
plasma cells and subsequent immunoglobulin production. Variablexpressing cells. Considering the differential expression of
proportions of CD23-expressing B cells in periodontitis lesions [4]CD80 and CD86, the former indicate a later stage of activation
may also indicate an important role of CD40L in the regulation ofwhile the latter reflect an earlier stage. In addition to their
B cell activation in periodontitis. differential expressions of CD80 and CD86, they are functionally

CD40, the counter receptor for CD40L, seems to be expressedifferent. Freemanet al [31] demonstrated that CD80 and
mainly on B cells in periodontitis lesions, as evidenced by theCD86 equivalently costimulated IL-2 and interferon-gamma
staining of CD19 on sequential sections. However, it is obvious(IFN-y) production and IL-2 receptak- and~y-chain expression.
that some fibroblast-like cells, endothelial cells and the basalCD86, however, induced significantly more IL-4 production than
epithelium also expressed CD40. In some specimens, the CD4did CD80. Although CD86 induced significantly more IL-4 pro-
count exceeded that of CD19. It is conceivable that CDdélls duction than CD80, with the greatest difference seen in
other than B cells were also counted in those specimens in spite @D4" CD45RA" naive T cells, CD86 also induced 3-11-fold
dominant lymphocytic infiltration of the analysed area. This ismore IL-4 than did CD80 in previously stimulated T cells or
discussed further later. A recent report demonstrated that gingivalD4™ CD45RO" T cells.
fibroblasts expressed CD40 and the CD40 engagement resulted in These results are quite supportive of our previous findings,
up-regulation of IL-6 production [23]. Although we were unable in which a high proportion of IL-4-producing memory T cells
to detect direct interaction between CD40L-expressing activate@xisted in periodontitis lesions [6]. Furthermore, IL-4 is one of

Fig. 1. Immunoreactivity for costimulatory molecules in the periodontitis lesion. Double staining for CD3/CD19 (a) and single staining for
CD28 (b), CTLA-4 (c), CD40L (d), CD80 (e), CD86 (f) and CD40 (g) was performed on sequential sections. Costimulatory molecule
immunoreactivity was visualized using alkaline-phosphatase anti-alkaline-phosphatase (APAAP) and Substrate kit Ill (Vector). For double
staining, CD3 was immunolabelled with peroxidase, whereas CD19 was immunlabelled with alkaline phospti@XasePE, Pocket
epithelium.
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Fig. 2.Double staining for CD28/CD80 (a), CD28/CD86 (b), CTLA-4/CD80 (c), CTLA-4/CD86 (d) and CD40L/CDA40 (e) in the periodontitis
lesion. In CD28/CD80 and CD28/CD86 double staining, CD80 and CD86 were immunolabelled with peroxidase, whereas CD28 was
immunolabelled with alkaline phosphatase. In CTLA-4/CD80, CTLA-4/CD86 and CD40L/CD40 double staining, CTLA-4 and CD40L were
immunolabelled with peroxidase, whereas CD80, CD86 and CD40 were immunolabelled with alkaline phospizfi@seQognate
interaction between receptors and their ligands is seen (arrowheads).
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Table 3. Kinetics of CD80 and CD86 expression on CD1B cells in peripheral blood mononuclear cells (PBMC)

Stimulus Oh 24h 48h
CD80 Anti-CD40 7-22-1-67* 12-04+ 9-40 16-25-9-82
Anti-CD40+ IL-4 7-22+1-67 20-58-11-83 24-0% 11-94
CD86 Anti-CD40 4.96- 2-10 44.-6%-8-79 34-88- 14-57
Anti-CD40+ IL-4 4.96+2-10 61-06-7-70 66-76- 6-91

PBMC were stimulated with anti-CD40 MoAb (OQu@j/ml) or anti-CD40 MoAb plus IL-4 (200 U/ml) at indicated times. PE-conjugated anti-CD19 and
FITC-conjugated anti-CD80 or CD86 were used for staining. Samples were analysed on a FACScan using the Consort 30 program. Percent positive cells for
each costimulatory molecule within the CD1@action are indicated.

*Mean*s.d.,n=3.

the most potent inducers of CD86 and, to a lesser extentwith either anti-CTLA-4 MoAb or Fab fragments of the anti-
CD80 on B cells [32,33]. In fact, the addition of IL-4 to the CTLA-4 MoAb showed augmented antigen-mediated clonal
cultures for B cell stimulation demonstrated further up-regula-expansion using an adoptive transfer model. In this regard,
tion of the expression of CD80 and CD86, with a much higherexpressions of CTLA-4 and CD40L seem to be reciprocal,
expression of CD86. Taking all data together, it is possible toalthough not statistically significant. As the expressions of
assume that IL-4 production by memory T cells and theCTLA-4 and CD40L were most dynamic in the lesion, these
subsequent up-regulation of CD80 and CD86 induce furthemolecules might be markers indicative of periodontal disease
production of IL-4, resulting in aberrant B cell stimulation in activity.
periodontitis. Finally, the role of receptor—ligand interaction in the immune

Another ligand for CD80 or CD86, CTLA-4 was expressed in system is becoming more complex. Costimulatory molecules
different proportions from specimen to specimen. Like CD40L,regulate the expression of each other, and there is increasing
CTLA-4 is not constitutively expressed on T cells and is evidence that the functions of these molecules are more complicated
up-regulated following T cell activation [16]. It is reported that than previously thought. In order to elucidate the precise role of
in both human [16] and murine [17] systems, cell surfacecostimulatory molecules and their relation to the disease stages
expression of CTLA-4 peaks 48h after activation, returning toof periodontitis, anin vitro system or animal model would be
background levels by 96 h. Oun vitro stimulation experiment helpful, in which sequential change of expression could be
using peripheral blood T cells also confirmed transient expressiomvestigated.
of CTLA-4. Taking these facts together, the presence of CTLA-4-
expressing T cells in periodontitis lesions suggests that T cells in
the lesion are activated locally or that recently activated T cells
migrate into the tissue.

In contrast to other costimulatory molecules, the major role
of CTLA-4 in T cell activation is to deliver a negative signal
[17]. Kearneyet al. [34] have described how animals treated 100
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CD40L were expressed as a percentage of the number of AD&lls. CTLA-4/CD3 CD40L/CD3

CD80, CD86 and CD40 were expressed as a percentage of the number of

CD19" B cells (1= 16). Data are expressed as meas.d. *CTLA-4 and Fig. 4. Frequency of CTLA-4- @) and CD40L-producing cellsQ) for
CD40L expression was significantly lower than CD28 expressionCD3" T cells in periodontitis lesionsi= 16). The plots with the connect-
(P<0-01). ing lines represent the individual tissue samples studied.
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