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The aim of this study was to determine the role of macrophages in the Actinobacillus

actinomycetemcomitans-induced murine immune response. BALB/c mice were given

carrageenan solution by intraperitoneal injection before immunisation with heat-killed

A. actinomycetemcomitans. Mice immunised with antigens and phosphate-buffered saline

served as positive and negative controls, respectively. One week after the last

immunisation, the delayed-type hypersensitivity (DTH) response was assessed by

measurement of footpad swelling. Serum IgG and IgM anti-A. actinomycetemcomitans

antibody levels and culture supernate levels of interferon (IFN)-ª were determined by

ELISA. The diameter of abscess formation was determined every 5 days. Sham-

immunised spleen cells were transferred to carrageenan-untreated recipients (groups A

and B) and to carrageenan-treated recipients (group D). Antigen-immunised spleen cells

were transferred to carrageenan-untreated (group C) and carrageenan-treated (group E)

recipients. The carrageenan-treated recipients in groups F and G received macrophages

from antigen- and sham-immunised mice respectively. All mice except those in group A

were immunised with antigen 24 h after cell transfer. After 1 week, a partial suppression

of DTH response, reduced levels of IFN-ª, serum IgG and IgM anti-A. actinomycetem-

comitans antibodies and delayed healing were seen in carrageenan-treated mice when

compared with the positive control. The immune response to A. actinomycetemcomitans

in groups A, B and D was lower than that in groups C and E. Healing of the lesion in

the former groups was also delayed when compared with the latter groups. The immune

response and the healing of the lesion could be partially restored in carrageenan-treated

mice that received antigen-pulsed macrophages (group F) but not in those that received

naı̈ve macrophages (group G). These results suggest that macrophages play a partial role

in the induction of the murine immune response to A. actinomycetemcomitans.

Introduction

Actinobacillus actinomycetemcomitans is a gram-

negative bacterium that is regarded as a member of

the microflora of dental plaque and, therefore, may play

a role in chronic inflammatory periodontal disease

(CIPD) [1, 2]. Evidence has shown that the numbers of

this micro-organism are increased in patients with

periodontal disease, especially those with early-onset

periodontitis [3–6]. Human monocytes and polymor-

phonuclear neutrophils stimulated with this potential

periodontopathogen have been shown to release pro-

inflammatory cytokines, such as interleukin (IL)-1, IL-

6, IL-8 and tumour necrosis factor (TNF-Æ) [7, 8]. A.

actinomycetemcomitans has been shown to induce

alveolar bone destruction in animal models [9]. It has

also been documented that internalisation of this

bacterium by macrophages and epithelial cells induces

apoptosis [10, 11], suggesting that A. actinomycetem-

comitans may accelerate gingival cell death and thus

promote gingival tissue destruction.

It has been shown that macrophages in the gingival

epithelial surface beneath periodontal pockets engulf

Porphyromonas gingivalis in situ [12]. P. gingivalis-

Received 31 May 2001; revised version received 11

November 2001; accepted 2 January 2002.

Corresponding author: Dr W. Sosroseno (e-mail:wihaskoro

@kb.usm.my).

J. Med. Microbiol. — Vol. 51 (2002), 581–588
# 2002 Society for General Microbiology
ISSN 0022-2615



induced phagocytic activity by murine macrophages has

been found to be enhanced by interferon (IFN)-ª, but

not IL-4 and IL-10 [13]. However, it would appear that

gingival macrophages may function primarily as anti-

gen-presenting cells (APCs) [14–16]. Increased major

histocompatibility complex (MHC) class II molecule

expression on gingival macrophages in patients with

periodontal disease would support this assumption

[17, 18]. Suppressed antibody production by macro-

phage-depleted peripheral blood mononuclear cells

highlights the important role of macrophages in the

immune response to periodontopathogens [19]. In vitro,

human monocytes and macrophages stimulated with

antigens from periodontopathogens produce substantial

amounts of cytokines, such as IL-6, necessary for

antibody production [7]. Therefore, previous studies

have indicated that monocytes and macrophages may

play a crucial role in both innate and adaptive immunity

to periodontopathogens. However, the exact role of

macrophages in vivo during the induction of the immune

response to periodontopathogens remains unclear. It has

been shown that intraperitoneal (i.p.) injection of

carrageenan blocks macrophage function in mice [20–

24] and this may be used to study the immune response.

The aim of the present study was to determine the role

of macrophages in vivo in the immune response to A.

actinomycetemcomitans in carrageenan-treated mice.

Materials and methods

Bacterial and antigen preparation

A. actinomycetemcomitans Y4 (serotype b), provided

by Professor G. J. Seymour (Brisbane, Australia), was

cultured under anaerobic conditions in Todd-Hewitt

broth supplemented with yeast extract (Difco) 1% w/v

as described previously [25]. At maximal growth,

bacteria were harvested and washed three times in

sterile phosphate-buffered saline (PBS). Purity was

checked by Gram’s stain. Heat-killed A. actinomyce-

temcomitans was prepared by heating 50 ml of bacteria

suspension at 1058C for 5 min. Protein concentration

was determined with a commercial protein kit accord-

ing to the manufacturer’s instructions (BioRad, Rich-

mond, CA, USA).

Carrageeenan preparation and injections

Type 1 carrageenan (Sigma; 5 mg) was dissolved in

200 �l of boiled PBS in an Eppendorf tube, immedi-

ately vortex mixed and stored at 48C until used. For the

carrageenan-treated groups, three-to-five animals were

each given 200 �l of carrageenan solution by i.p.

injection 5 days and 2 days before immunisation with

antigen [26].

Immunisation procedures

Female BALB/c mice (6–8 weeks old) were divided

into three groups, each consisting of three-to-five mice.

Mice in groups I and II were inoculated i.p. with

200 �l of PBS 5 days and 2 days before immunisation.

On the same day, mice in group III were inoculated

with carrageenan solution (5 mg in 200 �l). At day 0,

mice in groups II and III were immunised i.p. with

antigen suspension (100 �g in 100 �l), followed by a

similar immunisation 1 week later. Mice in group I

were sham immunised with 100 �l of PBS only.

Assessment of delayed-type hypersensitivity

Delayed-type hypersensitivity (DTH) response was

assessed as described previously [27]. One week after

the final immunisation, the right footpad of the mouse

was inoculated intradermally with 5 �l of antigen

solution (5 �g=ml) with a Hamilton syringe. The left

footpad was inoculated with 5 �l of PBS to serve as a

control. Footpad swelling was determined with a dial

micrometer (Mitutoyo, Japan) immediately before and

24 h after inoculation. DTH response was calculated by

the difference in footpad measurement before and after

inoculation.

ELISA for serum antigen-specific antibodies

One week after immunisation, all mice were killed by

CO2 asphyxiation and blood was obtained by cardiac

puncture. Serum was then separated and stored at

�208C until used. Serum antibodies against heat-killed

A. actinomycetemcomitans were assayed by ELISA as

described previously [28]. Briefly, 96-well high-binding

plates (Maxisorb Immunoplates, Nunc, Roskilde, Den-

mark) were coated with 50 �l of antigen suspension

(heat-killed A. actinomycetemcomitans 0:2 �g=ml in

100 mM carbonate buffer). After overnight incubation

at 48C, non-specific sites were blocked with dried milk

1% in PBS-Tween 20 (0.05%). After washing, 100 �l

of serum diluted 1 in 1000 in PBS-Tween 20 contain-

ing dried milk 0.1% (PBS-T) were added before

incubation for 1 h at room temperature. Antigen-

specific IgG and IgM antibodies were determined by

adding 100 �l of biotin-conjugated goat anti-mouse

IgG and IgM (Sigma). All antibodies were diluted 1 in

5000 in PBS-T. After incubation for 1 h and washing,

100 �l of diluted streptavidin horseradish peroxidase (1

in 10 000) (Sigma) were added and incubated for

30 min followed by TMB substrate (Sigma) as

described by the manufacturer. After incubation for

10 min, the colour reaction was stopped by adding HCl

and absorbance at 450 nm was measured with a

Titertek Multiscan MCC 340 (Lab System, Finland).

Pooled serum, derived from heat-killed A. actinomyce-

temcomitans-immunised mice, was used as positive

control and PBS was used as negative control on each

plate. Results were expressed as ELISA units, which

were calculated by dividing the optical density of the

sample by that of the positive control and multi-

plication by 100 [28].
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IFN-ª levels

One week after the last immunisation, mice were killed

by CO2 asphyxiation and spleens were excised

aseptically. A cell suspension was obtained by mincing

the spleen on a sterile wire mesh in RPMI 1640

medium supplemented with fetal calf serum 1%,

glutamine 1% and penicillin-streptomycin solution

1%. All the materials for cell culture were obtained

from Sigma. After three washes, viable cells were

counted and a single cell suspension was obtained. A

200-�l volume of cell suspension (2 3 105 cells) was

cultured in each well of 96-well plates (Nunc) and

stimulated with 0.1, 1 or 10 �g of antigen. Unstimu-

lated cell cultures were used as internal controls.

Cultures were incubated for 4 days in a humidified

incubator with CO2 5% in air. Supernates were

harvested and the levels of IFN-ª were determined

with an ELISA kit according to the manufacturer’s

instructions (R&D Systems, Minneapolis, MN, USA).

Primary lesion

Abscess formation was induced as described previously

[28]. Briefly, 1 week after the final immunisation, mice

were inoculated with live A. actinomycetemcomitans

organisms (1 3 1011 in 200 �l of sterile saline) at two

sites on the shaved dorsal surface of the abdomen, c.

1 cm on each side of the midline. The mice were

examined daily for 30 days for the presence of lesions

at the site of injection. The diameter of the lesion, as

measured with a dial caliper (Mitutoyo), was deter-

mined every 5 days.

Adoptive transfers

BALB/c donor mice were divided into sham-immunised

and antigen-immunised animals as described above. One

week after the final immunisation, mice were killed by

CO2 asphyxiation and spleens were obtained aseptically.

Spleen cells were isolated as described above and

1 3 106 cells in 100 �l of sterile PBS were adoptively

transferred into recipient mice via the lateral vein of the

tail base. The recipient animals were divided into seven

groups, each consisting of three-to-five mice. Groups A

and B, carrageenan-untreated mice, received spleen cells

from the sham-immunised donor animals. Group C,

carrageenan-untreated mice, received antigen-immu-

nised spleen cells. Groups D and E, carrageenan-treated

mice, received spleen cells from the sham-immunised

and antigen-immunised donor animals, respectively. To

determine whether exogenous macrophages enhance the

immune response to heat-killed A. actinomycetemcomi-

tans, antigen-immunised or sham-immunised mice were

killed by CO2 asphyxiation and spleens were obtained.

A 10-ml volume of cell suspension was then incubated

in polystyrene petri plates for 1 h at room temperature.

Culture supernates containing non-adherent cells were

carefully aspirated and the adherent cells were harvested

with the rubber-end of the syringe stick. After three

washes, viable cells were counted and cell morphology

was determined by Giemsa and non-specific esterase

stain. These plastic-adherent cells were also assessed for

their ability to ingest A. actinomycetemcomitans as

compared with a murine macrophage cell line [13]. It

was found that .99% of the plastic-adherent cells were

macrophages (data not shown). A 100-�l volume of

sterile PBS containing 1 3 106 splenic macrophages

of the antigen-immunised mice was transferred to

carrageenan-treated recipients (group F). Group G,

carrageenan-treated animals, received splenic macro-

phages from the sham-immunised mice. All mice apart

from those in group A were immunised i.p. with antigen

solution (100 �g in 100 �l) 24 h after adoptive transfer.

Mice in group A were sham-immunised only. DTH

response, serum antibodies against heat-killed A.

actinomycetemcomitans and the culture supernate levels

of IFN-ª were determined after 1 week. The primary

lesion in all groups of mice was induced as described

above.

Statistical analysis

The results were analysed by one-way analysis of

variance, followed by the Fisher’s least square differ-

ences with a statistical software package (Minitab,

State College, PA, USA).

Results

DTH response

Footpad swelling in mice in group II was significantly

greater than that in group I (p ,0.05). Footpad swelling

in group III was smaller than that in group II

(p ,0.05), but still greater than that in group I

(Table 1).

Serum antibodies

The levels of serum IgG and IgM antibodies against

heat-killed A. actinomycetemcomitans were signifi-

cantly higher in group II mice than those in group I

(p ,0.05) (Table 1). Similar to the DTH response, the

levels of serum IgG and IgM anti-A. actinomycetem-

comitans antibodies in group III were lower than those

in group II (p ,0.05), but still higher than those in

group I (p ,0.05).

Table 1. Footpad swelling and serum anti-A. actinomy-
cetemcomitans antibodies in carrageenan-untreated and -
treated mice

Footpad
Serum anti-A. actinomycetemcomitans
antibodies – mean (SD) ELISA units

swelling –

Group� mean (SD) mm IgG IgM

I 0.08 (0.01) 3.25 (0.16) 4.09 (1.21)
II 0.68 (0.17) 86.57 (4.69) 73.64 (7.41)

III 0.25 (0.06) 49.73 (3.81) 45.34 (3.62)

�Group I, carrageenan-untreated sham-immunised mice; group II,
carrageenan-untreated antigen-immunised mice; group III, carragee-
nan-treated antigen-immunised mice.
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Culture supernate levels of IFN-ª

At 0.1 �g of antigen, only cells in group II produced

detectable IFN-ª (p ,0.05). Spleen cells of all animals

produced IFN-ª when stimulated with 1 �g or 10 �g of

antigen (Fig. 1). However, the levels of IFN-ª released

by cells of group II mice were significantly higher than

those released by cells of group I and group III

(p ,0.05). Partial inhibition of IFN-ª production by

cells of group III was observed, as the levels of IFN-ª
in this group were lower than those of group II

(p ,0.05), but still significantly higher than those of

group I (p ,0.05).

Primary lesions

The diameter of abscesses of mice in group I peaked at

day 5 after challenge and remained relatively high up

to day 30 (Fig. 2). Similarly, the lesions in group II

mice peaked at day 5, but decreased significantly up to

day 25 and were healed by day 30 (p ,0.05). The

lesions in group III animals were present up to day 30

and larger than those in group II mice (p ,0.05), and

smaller than those in group I mice at days 25 and 30

(p ,0.05) (Fig. 2).

Adoptive transfer

As expected, no footpad swelling was observed in mice

in group A. Footpad swelling in group C mice was

significantly greater than that in mice in group B

(p ,0.05), indicating that the DTH response in group C

may be mediated by donor-derived DTH effector cells

(Table 2). When cells from sham-immunised donor

animals were transferred to carrageenan-treated recip-

ients (group D), no significant difference between

footpad swelling in animals in groups B and D was

observed (p .0.05). Footpad swelling in group E was

not significantly different to that in group C (p .0.05).

To further clarify whether macrophages played a role in

the increased DTH response seen in group E, these

accessory cells isolated from antigen-immunised do-

nors were adoptively transferred to the carrageenan-

treated recipients (group F). The results showed that

footpad swelling in this group of animals was higher

than that in groups B and D (p ,0.05), but lower than

that in groups C and E (p ,0.05). Macrophages from

sham-immunised mice failed to transfer DTH response

in carrageenan-treated recipients (group G) as com-

pared with that in groups B and D (p ,0.05). These

results indicated that antigen-activated macrophages

may be only partially responsible for the DTH response

to A. actinomycetemcomitans.

The levels of serum IgG and IgM anti-A.

actinomycetemcomitans antibodies in animals in groups
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Fig. 1. IFN-ª levels detected in the culture supernates in the
presence of various concentrations of heat-killed A. actinomy-
cetemcomitans (Aa) for 4 days. Group I, carrageenan-untreated
sham-immunised mice (n); group II, carrageenan-untreated
antigen-immunised mice (s); group III, carrageenan-treated
antigen-immunised mice (,).
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Fig. 2. Abscess diameter at 5-day intervals after inoculation of
A. actinomycetemcomitans into mice in each group. Group I,
carrageenan-untreated sham-immunised mice (n); group II,
carrageenan-untreated antigen-immunised mice (m); group III,
carrageenan-treated antigen-immunised mice (,).

Table 2. Footpad swelling and serum anti-A. actinomy-
cetemcomitans antibodies in carrageenan-untreated and -
treated mice after cell transfer

Footpad
Serum anti-A. actinomycetemcomitans
antibodies – mean (SD) ELISA units

swelling –

Group mean (SD) mm IgG IgM

A 0.03 (0.00) 2.99 (0.04) 2.45 (1.21)
B 0.16 (0.07) 20.57 (2.31) 18.69 (2.71)
C 0.73 (0.13) 91.32 (2.74) 72.67 (3.28)
D 0.17 (0.09) 24.42 (2.96) 17.23 (1.09)
E 0.76 (0.15) 87.78 (5.40) 68.34 (2.11)
F 0.49 (0.07) 52.61 (8.53) 40.62 (5.26)
G 0.20 (0.04) 28.19 (2.81) 20.30 (2.59)
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C and E were higher than those in groups A, B and D

(p ,0.05) (Table 2). There was no significant differ-

ence between the levels of IgG and IgM antibodies in

group B and those in group D (p .0.05). Serum anti-A.

actinomycetemcomitans antibody classes in group F

were elevated when compared with those in groups B

and D (p ,0.05) but were significantly lower than

those in groups C and E (p ,0.05). Serum antibodies

in group G were significantly lower than those in

groups C, E and F (p ,0.05) but were similar to those

in groups B and D (p ,0.05).

IFN-ª plays a crucial role in the DTH response [29].

Therefore, experiments were done to determine the

levels of IFN-ª produced by spleen cells of all

recipient animals. IFN-ª was produced by cells from

all animals except for group A when stimulated with

1 �g of heat-killed A. actinomycetemcomitans (Fig. 3).

There was no significant difference between IFN-ª
production in groups B and D (p ,0.05). The levels of

IFN-ª in groups C and E were significantly higher than

those in groups B, D and G when stimulated with

either 1 �g or 10 �g of antigen (p ,0.05). Increased

IFN-ª production, after stimulation with 10 �g of

antigen, was detected in group F as compared with

groups B and D (p ,0.05), although it was lower than

that in groups D and E (p ,0.05). It is of interest that

mice in group G, which received macrophages from

sham-immunised donors, produced levels of IFN-ª
higher than those seen in groups B and D (p .0.05)

but lower than those in groups C, E and F (p ,0.05).

The abscess lesions in group A mice remained large up

to day 30, but those in group B mice were smaller than

those in group A mice (p ,0.05) (Fig. 4). The lesions

in group C mice, but not group A and group B, were

completely healed at day 30 (p ,0.05). When carra-

geenan-treated mice of group D were given spleen cells

from sham-immunised mice and abscess formation was

induced, the diameter of the lesions in this group

remained high up to day 30 and was not significantly

different from those in group A mice (p .0.05). As

with group C mice, the lesions in group E healed at

day 30 (p .0.05). Interestingly, when the carrageenan-

treated recipients (group F) had received macrophages

from antigen-immunised mice, the lesion diameters

were still higher than in groups C and E (p ,0.05), but

lower than in groups A, B and D (p ,0.05). On the

other hand, in the carrageenan-treated recipients (group

G) given macrophages from sham-immunised mice, the

diameter of the lesions was not significantly different

from those in group A and D mice (p .0.05).

Discussion

The results of the present study have shown that, after

immunisation with heat-killed A. actinomycetemcomi-

tans, footpad swelling of carrageenan-treated mice was

greater than that in the sham-immunised mice, but

lower than that in antigen-immunised mice. This

observation indicates that carrageenan causes partial

suppression of the DTH response to A. actinomycetem-

comitans. A previous study suggested that carrageenan

injections inhibit antigen presentation but not phago-

cytic functions of macrophages in vivo [21]. Therefore,

the partial suppression of the DTH response to A.

actinomycetemcomitans in carrageenan-treated mice

observed in the present study indicates that macro-

phages may not be the sole APCs for the DTH

response induced by this potential periodontal pathogen

in mice. Along with macrophages, dendritic cells are
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Fig. 3. IFN-ª levels detected in the culture supernates in the
presence of various concentrations of heat-killed A. actinomy-
cetemcomitans (Aa) for 4 days. (See text for details of the
adoptive transfer of mice in groups A–G.) Group A, n; B, m;
C, ,; D, .; E, s; F, d; G, h.
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Fig. 4. Abscess diameter at 5-day intervals after inoculation of
A. actinomycetemcomitans into mice in each group. (See text
for details of the adoptive transfer of mice in groups A-G.)
Group A, n; B, m; C, ,; D, .; E, s; F, d; G, h.
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known to efficiently process and present antigens to T

cells in the induction of the DTH response as seen in

contact sensitivity [30, 31] and intracellular bacteria-

induced cellular immunity [32]. Injection of carragee-

nan to block macrophage functions is well reported

[20–24], but whether or not dendritic cells would be

eliminated by such treatment is still unknown. Thus, it

can be assumed that not only macrophages but also

dendritic cells may act as APCs in the induction of the

DTH response to A. actinomycetemcomitans seen in the

present study. Indirect support for this proposition can

be drawn from the fact that oral bacteria, such as P.

gingivalis, activate gingival dendritic cells which in

turn might present antigens to T cells [33]. Indeed, a

study by Gong et al. has shown that antigen

presentation by both murine macrophages and dendritic

cells stimulates higher levels of antigen-specific T-cell

proliferation than that by only one of these APCs [34].

Alternatively, the partial DTH suppression induced by

A. actinomycetemcomitans seen in the present study

may be mediated by carrageenan-enhanced CD8þ T-

cell activities or decreased T-cell migration, or both, as

observed previously [21, 35].

In carrageenan-treated mice, the levels of serum IgG

and IgM anti-A. actinomycetemcomitans antibodies

were suppressed as compared with those in antigen-

immunised mice, but were up-regulated as compared

with those in sham-immunised mice. These results

indicated that carrageenan-induced macrophage inhibi-

tion led to partially down-regulated anti-A. actinomy-

cetemcomitans IgG and IgM antibody production.

Compatible results have also been reported by Taub-

man et al., who showed that depletion of macrophages

from gingival mononuclear cells of patients with

periodontal disease resulted in reduction of antibody

production by 70–73% [19]. However, the partial

suppression of serum IgG and IgM anti-A. actinomy-

cetemcomitans antibodies after carrageenan treatment

seen in the present study suggests that macrophages

may only be one of the APCs orchestrating the

induction of immune response to this periodontopatho-

gen. There is evidence that both dendritic and B cells

can also act as APC for T-cell activation, which in turn

provides signals, such as cytokines, necessary for

further B-cell differentiation [36]. Although solid

evidence showing the ability of B cells to present A.

actinomycetemcomitans has not yet been documented,

the antibody production seen in the carrageenan-treated

mice might be due to the antigen presentation functions

of B cells and needs to be investigated further.

Alternatively, in the absence of macrophages due to

carrageenan treatments, dendritic cells may be the only

APCs to regulate B-cell activation and anti-A. actino-

mycetemcomitans antibody production. It is also

possible that the partial suppression of anti-A. actino-

mycetemcomitans antibody production in carrageenan-

induced macrophage inhibition may be the result of

increased CD8þ T-cell activation or reduced T-cell

migration, or both [21, 35].

As IFN-ª produced by T cells plays a crucial role in

the induction of DTH response to A. actinomycetem-

comitans in mice [37], it was also worth determining

whether the partial inhibition of DTH response in

carrageenan-treated mice was paralleled by alteration

of IFN-ª profiles. The results showed that the levels of

IFN-ª in the spleen cell cultures of carrageenan-treated

mice were lower than those in the antigen-immunised

mice but higher than in the sham-immunised mice,

suggesting that carrageenan-induced macrophage in-

hibition led to the partial suppression of the production

of IFN-ª, which coincided with partial down-regulation

of DTH response. These results are consistent in that

this cytokine is pivotal in the development of a Th1

cell population, which in turn promotes DTH response

[29]. Thus, the simplest explanation of the results seen

in the present study is that carrageenan-induced

macrophage inhibition may lead to reduce Th1

development, thereby decreasing IFN-ª production.

Alternatively, reduced IFN-ª levels in the A. actino-

mycetemcomitans-stimulated spleen cells of carragee-

nan-treated mice might be produced by CD4 cells after

this T-cell subset only interacted with antigen-activated

dendritic cells, but not with both macrophages and

dendritic cells, as seen in a previous study [34].

The size of abscesses in the carrageenan-treated mice

was smaller than in the negative control but greater

than in the positive control, indicating that the lesions

in group III could only partially be resolved. In a

previous study it was shown that increased murine

immune response to A. actinomycetemcomitans-derived

surface-associated material is associated with rapid

healing of the lesions induced by this periodontopatho-

gen [38]. Thus, it seems plausible that inhibition of

macrophage function by the carrageenan treatments

may lead to partial suppression of production of

antibody A. actinomycetemcomitans, leading to failure

to completely resolve the lesions induced by this

periodontopathogen.

To verify that the partial suppression of murine

immune response to A. actinomycetemcomitans was

due to carrageenan-induced macrophage inhibition as

seen in the present study, either spleen cells or

macrophages from the immunised mice were trans-

ferred to carrageenan-treated recipients. The results

showed that adoptive transfer of antigen-immunised

spleen cells fully restored the immune responses to A.

actinomycetemcomitans in the carrageenan-treated re-

cipients, as judged by enhanced DTH response, levels

of IFN-ª in supernates and serum IgG and IgM anti-A.

actinomycetemcomitans antibody levels. Transfer of in-

vivo antigen-pulsed macrophages led to only partial

recovery of the immune response to this period-

ontopathogenic bacterium in the carrageenan-treated

recipients. In sharp contrast, macrophages from sham-

immunised donors transferred to the carrageenan-

treated recipients resulted only in the induction of an

immune response similar to that of the recipients of
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sham-immunised spleen cells. Macrophages from

sham-immunised donors might process antigens for

the first time in carrageenan-treated recipients and sub-

sequently present them to T cells, thereby developing a

primary immune response in the carrageenan-treated

recipients. On the other hand, although macrophages

pulsed with antigen in vivo did elevate the immune

response in the carrageenan-treated recipients, they

failed to fully restore the immune response in the

recipients. Indeed, while adoptive transfer of antigen-

immunised spleen cells to carrageenan-treated mice led

to a complete healing of the lesions induced by this

periodontopathogen at day 30, the lesions remained

detectable up to day 30 in the carrageenan-treated

recipients of macrophages from antigen-immunised

mice. These results indicate that macrophages alone

could not induce the immune response and elimination

of the lesions induced by A. actinomycetemcomitans,

confirming that these accessory cells may be only part

of the APC network in the induction of the immune

response to A. actinomycetemcomitans in mice. Support

can be drawn from the fact that in the mouse spleen,

dendritic cells, but not macrophages, are the primary

APCs which present protein antigens to T cells [34].

Further studies to delineate the co-operation of

macrophages and other types of APCs, such as

dendritic cells, in the induction of the immune response

to A. actinomycetemcomitans are needed.

The extrapolation of the present study to the immuno-

pathogenesis of periodontal disease remains specula-

tive. It has been shown that MHC class II-bearing

APCs in the gingiva of patients with periodontal

disease are increased and these include macrophages,

dendritic cells and keratinocytes, indicating heteroge-

neity of APC types for T-cell activation in gingival

diseased sites [17, 18]. Indeed, human gingival Lan-

gerhans cells may induce allogeneic lymphocyte

proliferation in an MHC class II molecule-dependent

fashion [39]. Therefore, the results of the present study

support the view that antigen-presentation functions of

gingival macrophages may be part of the entire gingival

APC network which processes and presents antigens of

periodontopathogens to T cells.
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