
Short communication

Intestinal Peyer’s patches (PPs) are the
main inductive sites of lymphocyte acti-
vation against antigens in the gut; these
lymphoid nodules contain all the immu-
nocompetent cells necessary for the
development of an immune response (9,
12). Murine PP dendritic cells secrete
high levels of interleukin-10 (IL-10) and
preferentially activate T helper type 2
(Th2) cells, which in turn help B cells to
develop into immunoglobulin A+ (IgA)
secreting cells (3, 10). However, both
Th1 and CD8 cells in murine PPs have
also been shown to be activated follow-

ing oral immunization (5, 17). This
suggests that following oral immuniza-
tion of mice, the development of a PP
immune response, particularly with
regards to the generation of IgA+ B
cells, may require the activation of CD4
cells.
Actinomyces viscosus, a gram-positive

facultative anaerobic bacterium, is one of
the first organisms to colonize the tooth
surface and has been associated with root
caries and gingivitis in humans (2, 18). A
previous study demonstrated that oral
immunization of mice with 100 lg of an

A. viscosus bacterial suspension adminis-
tered on three sequential occasions leads to
the induction of antigen-specific systemic
immune tolerance, also known as oral
tolerance, mediated by antigen-specific
CD4+ and CD8+ T cells (14–16). Since oral
immunization is capable of inducing a
mucosal immune response (9), the aim of
this study was to determine whether oral
immunization with A. viscosus induces
antibody production by murine PP cells
and to investigate the role of CD4+ and
CD8+ T cells on this PP cell immune
response.
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The aim of this study was to determine the role of CD4 and CD8 cells on specific
antibody production by murine Peyer’s patch (PP) cells after oral immunization with
Actinomyces viscosus in mice. Female DBA/2 mice were orally immunized with three
low doses of heat-killed A. viscosus. Sham-immunized mice served as a control group.
Mice were depleted of CD4 or CD8 cells by intraperitoneal injection of anti-CD4 or anti-
CD8 antibodies daily for 3 days before oral immunization. One week after the last oral
immunization, PPs were removed and cell suspensions were cultured with A. viscosus.
Specific antibody production in the culture supernatants was assessed by enzyme-linked
immunosorbent assay. The results showed that oral immunization with A. viscosus
induced a predominant specific immunoglobulin A (IgA) response by PP cells and, to a
lesser extent, IgM antibodies. Depletion of CD4 but not CD8 cells suppressed the
production of specific antibodies. These results suggest that oral immunization with low
doses of A. viscosus may induce the production of specific antibodies by murine PP cells
in a CD4-cell-dependent fashion.
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Materials and methods

A. viscosus T14, a kind donation from Dr
A.C.R. Tanner, The Forsyth Institute,
Boston, MA, was grown anaerobically in
trypticase soy broth medium (BBL, Micro-
biology System, Cockeyville, MD), and
heat killed as described previously (14).
The protein concentration of the bacterial
suspension was determined using a BCA
protein assay kit (Pierce Biotechnology,
Rockford, IL). Female 6- to 8-week-old
DBA/2 mice were orally immunized with
100 lg heat-killed bacteria in phosphate-
buffered saline (PBS) containing 5%
sodium bicarbonate at days 1, 2 and 5.
Control mice were orally immunized with
PBS containing 5% sodium bicarbonate
alone over the same time period. One week
after the last immunization, the mice were
sacrificed and PPs were obtained and
washed, opened via the luminal surface
and teased carefully on sterile stainless
steel grids. The cells were washed and
viable cells were counted. Then, 2 · 105

cells were cultured in triplicate in RPMI-
1640 (CSL, Melbourne, Australia) con-
taining 1% glutamine (Sigma, St Louis,
MO), 10% heat-inactivated fetal calf
serum (CSL) and 5 · 10)3 mol 2-merca-
ptoethanol (Sigma) in 96-well round-bot-
tomed plates (Nunc, Roskilde, Denmark)
for 10 days. PP cells were stimulated with
0.4 lg bacterial suspension per well at day
0. Specific antibody production in the
culture supernatants from each well was
determined by enzyme-linked immuno-
sorbent assay (ELISA) as previously des-
cribed (13).
To determine the role of CD4+ and CD8+

T cells in vivo, mice were injected with
anti-CD4 and anti-CD8 monoclonal anti-
bodies, respectively, as described previ-
ously (13, 16). Briefly, mice were injected
intraperitoneally with PBS containing
1 mg rat anti-mouse CD4 cell antibodies
(clone GK1.5, IgG2b isotype), mouse anti-
mouse CD8 cell antibodies (clone 49-11.2,
isotype IgG2a), mouse anti-Fusobacterium
nucleatum antibodies (clone FN4BA4, is-
otype IgG2a) or purified rat immunoglob-
ulin for 3 consecutive days. Two days after
the last injection, mice were sacrificed and
PP cells were obtained. Flow cytometric
analysis (Becton Dickinson, Mountain
View, CA) showed that these treatments
resulted in the depletion of the respective
CD4+ and CD8+ T-cell subsets in the PPs
for at least 2 weeks (data not shown). In
one experiment, mice were divided into
three groups, each consisting of three to
five mice. Group I mice were injected with
PBS only for 3 consecutive days. Group II

and III mice were injected with rat immu-
noglobulin and anti-CD4 antibodies,
respectively. In another experiment, mice
were again divided into three groups.
Group A was injected with PBS alone,
whereas Groups B and C were injected
with anti-F. nucleatum and anti-mouse
CD8 antibodies, respectively. Two days
after the last injection, all mice were orally
immunized with A. viscosus as above. One
week after the last oral immunization, the
mice were sacrificed and PP cells were
obtained and cultured as described above
and specific anti-A. viscosus antibody pro-
duction was determined by ELISA.
The data were analysed by repeat

measurement test using a statistical soft-
ware package (Minitab, Inc., State Col-
lege, PA).

Results

PP cells from mice orally immunized with
A. viscosus produced significantly higher
levels of specific antibodies than those
from sham intragastrically immunized
mice (P < 0.05) (Fig. 1). Specific IgA
and, to a lesser extent, IgM antibodies
were the predominant isotypes (P < 0.05).

No specific antibodies were produced by
PP cells taken from mice depleted of CD4+

T cells before intragastric immunization,
compared with normal levels in cultures of
PP cells taken from mice injected with
PBS or purified rat immunoglobulin
(P < 0.05) (Fig. 2). In contrast, the speci-
fic antibody response by PP cells from
mice depleted of CD8+ T cells before
intragastric immunization remained intact
(P > 0.05) (Fig. 3).

Discussion

The results of the present study showed
that high levels of anti-A. viscosus
antibodies, predominantly the IgA isotype,
were produced by PP cells taken from
orally immunized mice. These results are
in agreement with previous studies that
oral immunization induced a mucosal
immune response initiated in the PP in
mice (6, 7). Furthermore, PP dendritic
cells, which produce cytokines such as
IL-10, may preferentially help in the
activation of Th2 cells, and hence in the
generation of IgA+ B cells (3, 10). How-
ever, whether or not oral immunization
with A. viscosus would stimulate PP-cell-
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Fig. 1. Specific antibody production by murine PP cells after oral immunization with Actinomyces
viscosus. Mice were immunized with heat-killed A. viscosus and PP cells cultured with antigen and
specific antibody production in the culture supernatants determined by ELISA. Sham-orally
immunized mice served as the control group. Each group consisted of three to five mice. *Significant
difference from the control group at P < 0.05.
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derived cytokines, which might in turn
enhance A. viscosus-specific IgA antibody
levels, remains to be investigated further.
Oral immunization of mice with low

doses of A. viscosus has been shown to
activate PP suppressor cells, which migra-
ted to the spleen to induce systemic
antigen-specific immune suppression or
oral tolerance (14). Therefore, it seems
plausible that oral immunization with
A. viscosus induces both systemic immune
tolerance and a local immune response
concomitantly. This induction of a concur-
rent local immune response and systemic
immune tolerance after mucosal presenta-
tion of certain antigens such as ovalbumin
is well documented (9). It has been
suggested that T cells are activated at both
the local and systemic immune compart-
ments, but T-cell proliferation in the latter
immune compartment is gradually
decreased (11).
In the present study, the levels of

specific IgA and to a lesser extent IgM
anti-A. viscosus antibodies produced by PP
cells in vitro from CD4-cell-depleted mice
were inhibited, suggesting that specific
antibody production by PP cells after oral
immunization with A. viscosus is a CD4-

cell-dependent mechanism. Another study
showed that treatment of mice with anti-
CD4 antibodies led to a reduction in PP
size and in the germinal center although
the number of IgA+ B cells remained the
same (8), suggesting that CD4 cells are
required for the differentiation of IgA+ B
cells into IgA-producing plasma cells.
The results of the present study also

indicated that levels of specific antibody
were not decreased in CD8-depleted mice.
However, Lagoo et al. (5) demonstrated
that murine PP CD8 cells stimulated with
anti-CD3 monoclonal antibody may pro-
duce IL-5 and IL-10, which provide help
for PP B cells to produce IgG and IgA
antibodies. This previous study by Lagoo
and colleagues may imply that a reduced
number of CD8 cells in PP may alter the
production of IgA antibodies. Therefore,
PP CD8 cell help in the production of IgA
and/or IgM antibodies may be dependent
upon the nature of the antigen.
Katz and Michalek (4) have demonstra-

ted that transfer of PP cells from mice
orally immunized with Porphyromonas
gingivalis into nude recipients resulted in
the production of high levels of specific
salivary IgA, which was protective against

vertical alveolar bone loss. This suggests
that P. gingivalis-activated PP CD4 cells
may migrate to the salivary glands where
they provide help in the production of
protective salivary IgA. If this is so, then
mucosal challenge by A. viscosus may also
induce antigen-specific B and/or T cells in
the PP, which migrate to the salivary
glands where the production of specific
salivary IgA may regulate the course of
gingivitis (1). Further studies however, are
required to determine the role of
A. viscosus-stimulated PP cells in perio-
dontal disease.
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Fig. 2. The effect of CD4 cell depletion on specific antibody production by murine PP cells after oral
immunization with Actinomyces viscosus. Mice were intraperitoneally injected with PBS (group I),
rat immunoglobulin (group II) or rat anti-CD4 antibodies (group III) for 3 consecutive days and
2 days after the last injection, all mice were orally immunized with A. viscosus. Each group consisted
of three to five mice. *Significant difference from the control (group I) at P < 0.05.
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Fig. 3. The effect of CD8 cell depletion on specific antibody production by murine PP cells after oral
immunization with Actinomyces viscosus. Mice were intraperitoneally injected with PBS (group A),
anti-F. nucleatum antibodies (group B) or anti-CD8 cell antibodies (group C) for 3 consecutive days
and 2 days after the last injection, all mice were orally immunized with A. viscosus. Each group
consisted of three to five mice.
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